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I~ GElŒRAL INTRODUCTION 
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I.. GENERAL INTRODUCTION 

The first description of an American field cricket of the 

genus Gryllus vras published by Fabricius in 1775 11hen he 
t4 

described Acheta assimilis from Jamaica. By ~ beginning ofj 20th 

century no less than forty-seven Ne1-r Horld species of Gryllus 

had been described (Blatchley, 1903), thirty-three of these were 
as 

recognized~valid by Kirby (1906). Practically all the early 

workers on this group considered macro-morphology only: such 

characters as size, colO:ration, vring venation, body proportions, 

number and relative length of tibial spines, and the length of 

tegmina, wings, ovipositor and the hind femora. The wide range 

of variation existing in most of these characters, however, led 

Lutz (1908) and Rehn and Hebard (1915) to conclude after 

studying large series of specimens, that all American (or at 

least North American) forms belonged to only one highly variable 

species, Gryllus assimilis, and,; until recently, this view has 

been generally accepted. For many years almost all authors used 

the specifie name assimilis to the exclusion of any ether, 

al though there have be en changes in the generic name ·t-ri thin more 

recent times. 

The sequence of changes in the generic name (Gryllus 

Linnaeus, 1758, to Gryllulus Uvarov, 1935, to Acheta Fabricius, 

1775) has been discussed in detail by Gurney (1950, 1951). 

Chopard (1955), in a footnote but 'Hithout full explanation, has 

more recently suggested that the genus Acheta [synonym Gryllulus] 

should not be separated from Gryllus and thus he would again 
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place all American species in the latter genus, although he does 
l:.tc.-. 

not refer to these specifically. Gurney, hov1ever, (in a personal 

communication to Alexander, 1957) states, "I have decided to 

continue using Acheta until going into the matter further, but 

I expect the change vrill eventually be accepted here because 

the genera [Acheta and Gryllus J have be en rather artificial." 

Randell (in press) on the basis of cytological studies, and the 

structure of the male genitalia, ho·Hever, has no·H conclusively 

sho\fn that Acheta is validly distinct from Gryllus but that 

American field crickets belong to the latter s~~i and not to th~ 

former genus, so that current usage is incorrect. In this thesis, 

therefore, the author reverts to the name Gryllus. 

HcHeill (1889) -vras the first investigator to note that the 

northeastern North American field cricket, in Illinois, is 

composed of two populations, one overwintering as a late instar 

nymph and maturing in spring, \·rhile the other over'ifinters in 

the egg stage and matures in middle or late summer. He also noted 

that the adul t males of the nymph-over-vrintering population more 

often occupy burrm..rs and are characteristically more soli tary 

and more aggressive than those of the egg-overwintering population, 

and , further, t hat the ovipositors of the female s in the nymph­

over"t.dntering population are usually shorter in relation to the 

length of the body than those of the females in the egg-over­

'ifintering popul ation. 
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Blatchley (1903; 1920) supplied additional biological 

information regarding these crickets and remarked that, in Indiana 

and ether northern states, most are represented in winter by the 

egg al one, but that a fevr pas s the cold season as nymphs. He 

recognized the two types as belonging ta distinct subspecies -

Gryllus assimilis pennsylvanicus and G. ~· vernalis.(The latter 

name, hov1ever, is applicable ta a distinct species - see 

Alexander (1957)J 

In Ontario, vJalker (1904) considered that there are tvro 

species, the adults of one\beginning ta appear about the third 

vreek of Hay and continuing in the field un til the end of July. 

The adul ts of the ether begin ta appear about the second vreek of 

August and are found until October. The adults of the former 

species are very numerous about ~ mid-summer but are very 

difficult ta obtain, for they are not gregarious like the adults 

of the latter species. 

Criddle (1925), in Hani toba, recognized tvro races, the spring 

cricket and the autumn cricket. He also pointed out that the tvro 

races do not interbreed. His conclusion was based on observations 

that one adult population is present in the field from about the 

first of E:ay ta the first of August and is then replaced by the 

ether vvhich appears about the first of August and remains until 

the ons et of ·1;1inter. He also pointed out that the spring cricket 

overvrinters in the nymphal stage Hhile the autumn cricket 

overwinters in the egg stage. Thus his observations are more or 

less similar ta those of Ualker (l.c.) regarding the appearance 

of adults of the species (of vJalker) in the field. 
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Allard (1929a) noted that in Georgia and Ne·H England there 

are t\..ro broods 1.vhich, in all features of behaviour, habitat, etc. 

appear to be as identical as they are in all external morphological 

characters '\·.rhich the taxonomist \·rould care to consider. Since 

there are no macro-morphological differences bet'\·reen the tvro he 

did not regard these populations even as belonging to two distinct 

races. In South Dakota, hov1ever, Severin (1926; 1935) suggested 

that there might be tvJO •biologie races •, one hibernating in the 

egg, the other in the nymphal stage. Hovrever, he did not elimina te 

the possibili ty of there.. being t-vro generations. 

Folsom and Woke (1939), in Louisiana, observed that field 

cricket eggs laid in late April and early Hay produce adults in 

late July and early August, and that the eggs from the second 

generation produce nymphs that overvrinter. Thus they actually 

observed one generation succeeding the other. In all probabllty­

they 't·Jere dealing vd th vrhat is nmv regarded as a distinct species 

vrhich has two generations a year: Gryllus rubens Scudder. Cantrall 

(1943) suspected that, in Hichigan, the spring and fall 

populations might actually represent tv.ro different varia.nts, each 

having a single annual cycle although mating at separate times, 

but he also considered the possibili ty that the t·Ho populations 

vrere merely successive generations of a single variant v:hich vms 

tvro-brooded. 

Nore recently Fulton (1 952) published a study of the fi eld 

crickets of North Carolina in which he described four populations 
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that differed in ecolo gy, life his tory, song and distributio~n, 

e 
but ".·Thich he belit'ed had no distinguishing morphological 

characters. The se four populations fe..iled to interbreed. Hovrever, he 

hesitated to name them as four distinct species and this stand 

vras supported by Hubbell (1954; 1956). Alexander (1957), hovrever, 

has now shmm that the four populations mentioned by Fulton (l.c.) 

in fact represent four distinct species Hhich sho'\>r several 

differences, partictùarly in their song characters and he further 

described an additional new species. Thus he recognized five 

species from northeastern North America, namely, Acheta [Gryllus} 

pennsylvanicus (Burmeister), !· (Q·1 firmus (Scudder), A. lQ.1 

rubens (Scudder), A. (Q·1 vernalis (Blatchley) and A. ( G.1 fultoni 

Alexander. Alexander 1 s conclusions are besed on ecological, 

biological and morphological characters as ".·.rell as on differences 

in stridulation. He did not recognize the northern spring cricket 

as being specially different from the fall cricket A. [ G.] 

pennsylvanicus. ~~Thile describing t h e seasonal life-histories of 

the different species he mentions that no \"ray of distinguishing 

the spring and fall "broods" of pennsylvanicus in Ohio could be 

found, other than the differences in their biology and a slight 

difference in the relative length of the body and the ovipositor 

in most females. Thus his observations, in this regard, are more 

or less sil!lilar to those of EclJeill (1889). Alexander further 

noticed that the tvro "broods" occupy the same habitat and that 

there is a slight overlap in the occurrence of their adults in 
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mid-July. BigelovJ (1958) also corroborated and refined 11cNeill' s 

observations 'id thout materially al tering his conclusions. 

Prior to Fulton' s vrork, various nam es had be en applied to 

the tvJO "pennsylvanicus" forms, but Fulton, Alexander, and Bigelow 

(ll.cc.) did not separate the t"i,TO populations "idth formal 

nomenclature. Fulton (1952) remained quite uncertain about their 

status. Alexander (1957), unable to find any ecological, 

morphological and song differences bet-vJeen the tvro populations, 

states that "These hm broods may interbreed in mid-summer, or 

probably in fall in the southern part of their range, or it may 

be that thay have been isolated for such a short time that no 

ncticeable differences have yet appeared betvreen them." The t't,..m 

populations are, in fact, so closely identical in most of their 

characters that Alexander vras unable to recognize them as t-vro 

species. Bigelow (1958) on the basis of differences between the 

developmental rates of the t"ro populations states, "The 

distinctive, differences betvreen these t"iw populations are more 

likely to become further consolidated than they are to break down 

through any future gene exchange. Therefore the se tvro populations 

should be regarded as distinct species, hmvever similar they 

might be :rn.orphologically. 11 He vras thus the first since v!alker 

(1904) to recognize the tvm populations as tvro distinct species, 

but he still refrained from using formal nomenclature. 

Very rec ently, hmv-ever, Alexander and Bigelovl (1960) have 

collaborated on the problem and have discussed the relationships 
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of these t"t>ro populations in greater detail. They have nm1 formally 

recognized them as tvro distinct species. They believe that the se 

species have become reprodùctively isolated through a seasonal 

separation of adults initially imposed by elimination of all but 

t .vro vridely separated overvrintering stages in the ancestral 

population and have called this 'allochronic speciation'. After 

a thorough revievr of the 'tvhole field, they have described the 

nymph-overwintering species as Acheta [Gryllus] veletis and have 

restricted the name pennsylvanicus to the egg-overvlintering 

species. The morphological difference. betv1een the tvro species 

vrhich they have been able to recognize so far lies in the size 

of the ovipositor (as noted by McNeill, 1889), and even this 

character is only applicable vlhen the specimens of the two species 

are from the same loc ali ty. Sorne overlap occurs 1-.rhen specir.1ens 

from different localities are compared. 

From the revievl of literature, given above, it vmuld appear 

that there are virtually no macro-morphological characters of 

significance vJhich may be used to distinguish the two species, 

G. pennsylvanicus and G. veletis, from each other. The problem 

of identification is partic~ùarly difficult for a taxonomist since 

the two species are s~apatric over much of their range, and the 
~ 

aim of the present studies ~ therefore been to search for the 

micro-rnorphological, biological and physiological differences 

which may help to distinguish these species from each other. 

This thesis provides detailed information on the similarities and 
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differences betvreen these tv10 sibling species as vrell as giving 

sorne information on related species. 

As already noted, Alexander (1957) has pointed out that song 

differences have proved better than any other single set of 

related characters for separating the North American species of 

the genus Gryllus distinguished so far, but G. pennsylvanicus and 

G. veletis cannot, apparently , be distinguished by this means. 

A comparative study of the sound-producing organs was nevertheless 

undertaken in the hope that sorne differences in their structure 

and character could be found. Certain differences in fact vJere 

discovered, but they were of minor nature. 

Since these tvro species are so similar in morphology and 

song, and since, a s Bigelow (1960b) has indicated, adults of both 

species are in contact throughout most of northea stern North 

America during late July and (or) early August and yet do not 

interbreed, it was thought that there might be sorne fundamental 

differences in their reproductive organs. A study of the structure 

and development VTas, therefore, undertaken, but t his did not reveal 

any diff erence of signifie ance bet1veen the two species. Randell 

(unpublished), ho1vever, has discovered certain differences i n the 

shape of the male epiphallus. 

Studies on the morphological development of the embryos were 

also undertaken, but, before attempting this comparison, another 

species, the Hest Indian Gryllus as s i milis (Fabricius) ~· strict. 

Has f irs t s tudied because of its knovm r egular development, both 
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in the egg and nymphal stages. Later the morphological development 

of the embryos of the t-vro species was compared -vri th that of 

G. assimilis and G. rubens Scudder, another more southerly North 

American species. These yielded sorne interesting results, and it. 

was discovered that the embryos of G. pennsylvanicus enter their 

vJ'ell-knm·m diapause at a particular stage in their development. 

The embryos of G. veletis, G. assimilis and G. rubens develop 

't·li th out diap a use. 

The possibility of experimentally breaking the diapause of 

G. pennsylvanicus in the laboratory in order to compare the 

biological characters of this species with those of G. veletis 

then suggested i tself. Experiments vli th this end in view were 

performed and different aspects of the diapause studied. Finally 

a preliminary study of the respiratory metabolism during 

embryogenesis of the two species was made, Since it was considered 

that this might be used as a test for the presence or absence of 

diapause. 
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II. SOUND-PRODUCIHG ORGANS AND NECHANISN OF SONG-PRODUCTION IH 

FIELD CRICKETS OF THE GENUS GRYLLUS LHJNAEUS 

(Published in Canadian Journal of Zoology 38: 4-99-507, 1960, 

using the genus name Acheta Fabricius) 
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II. SOUND-PRODUCING ORGANS AND HECI-L\NISN OF SONG-2RODUCTION IN 

FIELD CRICKETS OF THE GEI'WS GRYLLUS LlliNAEUS. 

1. Introduction 

St.udies by Criddle (1925), Severin (1926), Fulton (1952), 

Alexander (1957), and Bigelow (1958) have shovm that biological 

characters are of primary importance in the taxonomy of North 

American Gryllus species. All species of Gryllus are good singers 

and,according to Alexander (1957), song differences have proved 

better than any other single set of related characters for 

separating the North An1erican species distinguished so far. 

Huch attention has been paid to the study of songs of insects 

by using expensive instru.ments, but the following points, i:Jhich 

are of fundamental importance in explaining the audiospectrographs 

of the songs, still remain to be ansvrered: (i) parts played by 

different structures of the song-producing orge.ns, (ii) extent 

to vlhich the file is scraped by the scraper at the time of 

stridulation, (iii) Hhether it is the out'tvard or the im·rard 

moveJ.nent of the tegmina that produces the s ong, or both these 

movements. It is hoped that this study of the song-producing 

organs 'tJill help to elucidate t hese points. 

2. l:Iaterials and methods 

The studies are based on both living and preserved specimens 

from cultures of the follo\<ring species reared at Eacdonald Colle ge: 

G. assimilis (Fabricius, 1775), G. pennsylvanicus Hurmeis ter, 

1838, G. rubens Scudder, 1902, and G. veletis (Alexander and 
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Bigelow, 1960). The measurements were taken in the following way: 

The length of the tegmen vms measured from the base of i ts dorsal 

part to its tip and its width along a line dravm parallel to the 

file, 'i.·rhile the resonator was measured from the anterior to the 

posterior corner and from the left to the right corner. The 

length of the part of the A1 vein having teeth was considered as 

the length of the file. In counting the number of teeth,even the 

smallest tooth, vlhich could be seen under a magnification of 

about 500 times, was taken into account. All the measurements 

except those of the file were made directly by means of an 
a 

oculometer, while the file \.Jas measured '~:ri th the help of~carnera 

luc ida. 

3. structure of the song-producing organs 

A general description of the stridulatory organs of crickets 

is found in almost all text books of Entomology and a detailed 

account of these organs has been given by Tsuchiyama (1932). The 

song-producing organs of G. pennsylvanicus, a common species in 

Quebec, are illustrated (Fig. 1) and described briefly as a basis 

for comparison vrith those of other species of the genus. It may 

be noted that, in Gryllus, song-producing organs are found 

exclusively in males; they are present, and similar, on both 

tegmina. The song-producing structures may be divided into two 

groups: the structures uhich produce the characteri_stic song, 
and 

viz., the stridula ting or gans (file and scraper);,.{ the auxil:t ~.ry 

structures (tegmen, resonator and~ harp). The tegmina of 
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Fig. l. Left tegmen of G. pennsylvanicus, Ventral 

view. A1 , first anal vein; B, base of d6rsal part of 

tegmen; D, dorsal part of tegnen; F, file; 1, l ateral 

part of tegmen; R, resonator; s, scraper; T, tip of 

dorsal part of tegmen; 1, 2, 3, veins of harp. 
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crickets are tough and sclerotized and each is divisible into two 

parts, the dorsal and the lateral, the dorsal part bearing the 

song-producing organs. The file lies near the base of the tegmen 

and is formed from the under surface of the part of A1 vein which 

is more or less trru1sverse in the region of the file. The teeth 

of the file are not everùy spaced but are someuhat closer together 

in the apical region. They project from the tegmen at approximately 

a right angle and are separable into three groups: largest and 

elongated in the middle region of the file, small and more or less 

elliptical in i ts basal region, 1·rhile tovrards i ts · D..pex they become 

.progressively smaller although remaining elongated. The scraper 

is situated near the apex of the file and is a small thickened 

zone on the anal margin in its basal part. The resonator lies 

near the tip of the tegnen, is more or less rectangular in shape, 

and may be traversed by one or bm veins. The harp is a triangular 

area occupying the space bet1·reen the file and the resonator and 

is traversed by three veins vrhich are also connected to the 

stridulating vein. The first of these thpee veins demarcates the 

limit up to ,.,hich the file is scraped. usually the right tegmen 

overlaps the left one and therefore the file of the right is 

scraped by the scraper of the left to produce the characteristic 

song. 

The right and left tegmina are usually s~nilar in size but 

the length of the file and the size of the resonator sometimes 

differ, vn1ile the number of teeth is generally different on each 
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tegmen. The size of the resonator and the length of the file in 

many cases are more or less directly proportional to the size of 

the tegmen. When the tegmina of 1;fte tvro indi viduals are of the 

same size and the number of teeth varies, the length of the file 

is directly proportional to the tooth number. 

4. Comparison of the song-producing organs of different 

species of Gryllus 

The size of tegrnen, harp1 , resonator,and file show great 

individual variation within each species and there is much overlap 

in these characters between species. The size of harp, resonator, 

and file appear to be directly proportional to the size of tegmen. 

In all species of Gryllus exruained the file teeth are separable 

into three groups, as in G. pennsylvanicus (vide supra). Their 

exact shape_ is difficul t to describe adequat ely in l!Ords, but 

figure 2 will give sorne idea of the differences in size and shape. 

Although the number of the file teoth in different individuals 

of a species is variable, the mean differences are considerable. 

The mean numbers of the file teeth and t he standard dèviations 

for each species (where N ::.50} are listed below: 

1 However, Randell (unpublished} has r ecently discovered that 

there are sorne small differences in the venation, particularly 

of the harp, bet\veen G. permsyl v anicus and G. veletis, but i t 

is not yet knm·m if such differences are constant. 
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Fi g. 2 . Teeth in the file of G. rubens (A); G. assimilis 

(B); G. veletis; and G. pennsylvanicus (D); a, apical region; 

b, basal region; m, middle region. 
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G. rubens 

(mid-point 109) 

G. as similis 120±5 

(mid-point 132) 

G. veletis 143±11 

(mid-point 153) 

G. 12enns;zlvanicus 162t9 

The mid-points bet"l,veen the means cited above are 109, 132 

and 153 respectively. Assuming representative samples and normal 

distributions, 98 per cent of all G. rubens specimens vüll have 

feHer than 109 file teeth; 98: per cent of all G. as s imilis 

specimens will have more than 109 and fewer than 132 file teeth; 

86 per cent of all G. veletis specimens 1-lill have more than 132, 

and 81 per cent fewer than 153 file teeth; 84 per cent of all 

G. pennsylvanicus specimens vJill have more than 153 file teeth. 

The above-noted analysis shm·rs that the number of teeth in the 

file is an excellent taxonomie character for sorne species. 

) . Experiments 

Of approximately 50 individuals of each species examined, 

90 to 96 per cent I·Jere found to be right-l·ringed, i.e., t he right 

t eemen overl aps t he lef t tegmen. 1-Jhen they -vrere made left-Hinged 

by reversing the position of the te~nina in the laboratory, 92 

per cent of the individuals of G. rubens and 68 per cent of those 

of G. veletis bec arne r i ght-winged again 1-ri t hin 24 hours . Indi viduéù S 
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\•rhich did not revert to the right-"t·ringed condition during this 

period remained left-'1.'linged for the remainder of their lives. 

But, even so, artificially left-vringed indi viduals sometimes 

began to stridulate almost immediately. At first the song was soft, 

almost exactly like the first song of the adul ts after the ir 

final ecdysis. Hithin one to three days, hovrever, the left-Hinged 

individuals began to sing normally. In G. assimilis all 

indi viduals bec ame right-"\·Jinged e.gain "t'li thin one hour. 

t-Jhen the lateral part of the right tegl'ilen of G. veletis was 

eut a-vmy such mutilated individuals stridulated as efficiently 

as normal males, but the song so produced vras not so loud. Thus 

the removal of the lateral part of the tegmen did not affect the 

modulation quality but only the volume of the song. 

The removal of the lateral part of the left tegmen and the 

apical part (including the resonator) of both tegmina of G. veletis 

individuals again did not affect the modulation quality of the 

song although its loudness was further diminished, i.e., the song 
it was 

became even softer thanl"t·rhen only the lateral part of the tegmen 

was removed. Even when both the lateral and apical parts of bath 

tegmina '\orere removed the insects vrere able to stridulate; the 

sound so produced 'tvas very soft but the characteristic quality 

of the song -vms maintained. 

Hhen the scraper of the left tegmen of G. veletis 't·ras removed 

the mutilated individuals tried to stridulate but could not, at 

first, produce any sound, and it is interesting to note that 80 

per cent subsequently becarne left-1dnged and produced a song 

similar to that of the normal individuals. 
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The adults of G. assimilis and G. veletis begin their first 

singing on the fourth and sixth day of their adult life 

respectively. BY this t~ne the spermatophore has not yet developed, 

so that the presence of a spermatophore in the spermatophore 

chamber is not essential for stridulation to begin. V.Jhen the 

spermatophore was removed artificially from the genital cavity, 

singing was not iru~ibited; individuals sometimes began to sing 

almost irnmediately after _the removal. 

rt \•Jas observed that at the time of stridulation the tegmina 

are raised from the back at an angle of about 30 to 45° and there 

appearsto be sorne difference in the songs produced at various 

angles. It has been noted that when an insect sings •spontaneously' 

it keeps its tegmina at an angle of about 30° from its back; this 

is probably a 'calling song', but vrhen another male also be gins 

to sing, the first r a ises its tegmina to an angle of about 45° 

to produce the 1 fighting song•. Thus the kind of song seems to 

depend on the angle of elevation of the te~nina. 

It '\-TaS observed that at the tirne of stridulation the insect 

uses only about one-third of the file, i.e., about one-third of 

the file is engaged by the scraper and the remaining t·Ho-thirds 
nearly 

do not come in contact t·rith it. The scraper runs laterally,(to the 

firs t vein of the harp. This was determined for G. assinilis 

and G. veletis in the follovring manner: the insect vas held in 

the left hand by the thorax vlhich "t•ras pressed a little, c ausing 
0 

the tegmina to move upt·rards a t an angle of about 45 The left 
• 
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tegmen was then moved outwards vli th a forceps and freed so that 

it moved invrards, either by itself, or assisted a little by the 

thurnb. By this means a characteristic cr(rQJp may be produced, 

and it can be observed that the left tegmen can move underneath 

the right tegmen only up to about the middle vein of the harp in 

G. as similis and up 'to the first vein in G. veletis. ~·Jhen the 

tegmina are held at an angle of about 30 to 40° the left tegmen 

cannot move beloH the right tegmen beyond the positions mentioned 

above. The left tegmen cannot move beyond these limits by itself. 

Hov1ever, 1vhen the tegmina are parallel to the back the left tegmen 

can be moved well beyond these lliaits by means of forceps and the 

spund thus artificially produced is not. characteristic ·:or- the 

species. It is, however, very similar to the first song of the 

adult. 
the 

To discover whether it isjoutward, inward, or both movements 

of the tegmina that produce the song, an adult; male G. assimilis 

was held in the manner described above,keeping the tegmina at an 

angle of about 45° f rom the back. First the left tegmen was pulled 

out and t hen. allmmd to move im·.rards by i tself. The characteristic 

sound \va s produced as the tegme~1 returned to the res ting position. 

When a s imilar experiment '\'las done vli th the right t egnen , hovrever, 

no sound ,,.;as heard. Only the imvard movement of t he tegmina 

produced t he song. The insect firs t ptùls its tegmina apart and 

then alloi·rs them to come together. It is only when they move 

towards each other that the characteristic song is produced. 
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A sound can be produced by moving the tegnen both imvards and 

outwards by means of forceps, but the sound so produced is not 

characteristic. 

6. Discussion 

As noted above, individual crickets sho'll! great variation 

in tooth nwnber in the file. rt is, in fact, difficult to find 

tvm indi viduals having the same nwnber of tee th. Hm-rever, the 

limits of variation in each species appear to be fixed around a 

characteristic mean number, and the mean differences in sorne cases 

are considerable. There is little or no overlapping in tooth 

number (fig. 3), for exrunple, beti:reen G. rubens and any of the 

other three species. The same is true of G. assimilis. Although 

overlapping is considerable in the case of G. veletis and 

G. pennsylvanicus there is a distinct difference in the means and 

the range of variation in tooth· number bet"t·reen the ti.·JO species, 

G. pennsylvanicus having more teeth on the average. Overlapping 

is so great, hovrever, that tooth-number is useless as a taxonomie 

character in the case of these tvro species. If the m.unber of file 

teeth affects the song -char acter of a species, one "!,·JOuld expect 

little or no difference between the song of G. veletis and 

G. pennsylvanicus. This is in fact the case, and is one of the 

main reasons Hhy Alexander (1957) did not separate these t•,m 

species. There appear to be, however, distinct differences in the 

size and shape of the file teeth (Fig. 2 ) • 
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Fig. 3. Distribution of teeth in the file of 50 tegmina 

of each of G. rubens , G. assimilis, G. veletis and 

G. pennsylva.nicus. 
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The experimental studies reveal that the stridulatory 

organs of both tegrnina are equally efficient, either set being 

able to function as well as the other after a little practice. 

The rernoval of the lateral or apical parts of either or both 

tegmina (including the resonator) lm-rers ti1e intensi ty of the 

song. This corresponds with the observations of Loher (1957) for 

Acrididae. The change in the intensity of the song appears to be 

of no great influence in the life of crickets (under laboratory 

conditions) since males in "~:rhich intensity of tbe.,·song was lo-v;ered 

experimentally could attract females. In the laboratory, it may 

be noted that, particularly in G. assimilis, more than 25 per 

cent of males break the apical part of their tegmina accidently. 

It has been observed by many workers that there is sometimes 

variation in the quality of song of a species from different 

localities. Loher (1957) and Frings and Frings (1957) have found 

clear-cut differences in the songs of different individuals of 

Neoconocephalus ensiger (Harris) (Tettigoniidae).It is believed 

by Pumphrey and Rawdon-Smith (1939, 1940) and by Frings and Frings 

(1958) that the tyrnpanic organs lack frequency discrimination of 

pure tones but are sensitive to modulated sounds, and that this 

modulation quality remains the same for a given species. The 

present experiments support this vievr, and i t is probably not 

possible to change the modulation quality of the songs of 

crickets experimentally. It may be suggested that the nu~ber of 

tee th in the file is probably ~a gree..t exten~sponsiblè) for 
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determining the modulation quality of the song of a particular 

species. The overlap in tooth number in G. veletis and 

G. pennsylvanicus keeps them very close in song. character 

although there are other differences, particularly in the shape 

and size of teeth. There may be differences in the song due to 

the size and shape of te eth vrhich the human ear cannot detect. 

There is no previous record of the extent to l.vhich the file 
,.... 

is used for stridulation in Gryllus, but Bo~Gr (1954) has argued 

that about 40 per cent of the file is used in stridulation in 

Neoconocephalus ensiger. His conclusion is supported by the 

present observations, but the basis of his arguments does not 

appear to be very sound, for according to him each note contains 

about 40 pulses and probably each pulse represents a tooth being 

struck. Probably he means by •note• a pulse and by •pulse' a spike. 

By examining a number of audiospectrographs of several species, 

published by a number of 'Vvorkers, and including sorne of those 

mentioned above, it was found that each pulse consists of a 

number of vertical •spikest and I am of~ opinion that each 

spike is produced by a tooth being struck. If a pulse shoHS a 

large number of spikes this means that a large number of teeth is 

scraped to produce the pulse. Comparing Alexander•s (1957) figures 

11 and 14 of audiospectrographs of Acheta · ( Gryllus] pennsylvanicus 

and A. ( Q.) rubens, the audiospectrograph of the former shov.rs a 

large number of spikes in a pulse "rhile that of the latter shm·JS 

a smaller number. This is due to the fact that G. pennsylvanicus 
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has a greater number of teeth than G. rubens on the one-third of 

the file scraped. Further, these spikes are responsible for the 

modulated quality of the pulse and, since the number of teeth in 

the part of the file scraped by the scraper is more or less fixed, 

the modulated quality of the song for a species becomes fixed. 

Allard (1929b) and others believe that the notes are made 

only by the inward movement of the file. Recently Borrer (1954) 

has discussed this point at length and believes that the song is 

probably produced by one movement of the scraper. Frings and 

Frings (1957) also feel that the sound is produced by unidirectional 

movement and that the silent period is a period of return of the 

tegmina to a starting position. Hm.<Iever, this vms not demonstrated 
c 

by these authors. The present observations have cor:Ç.usively 

shown that the song is indeed produced by unidirectional movement, 

nmnely the inward movement of the tegmina, in Gryllus species. 

This observation also appears to be of great i mportance in 

interpreting the audiospectrographs of various insects. A study 

of these audiospectrographs reveals t hat the pulses are spaced ; 

this spacing coincides \fi th the outi:rard movement of the tegmina 

·uhen no sou...nd is produced. Further, this period is different for 

different species, depending on the r apidity with which the 

tegmina are moved apart. In sorne insects the pulse period and 

non-pulse period are equally spaced , vlhich would mean that both 

inv.rard and out'\'lard movements of the tegmina t ake place 1.-ri th equal 

speed . In other insects in which the pulse and non-pulse periods 
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are uneqilal, the speed of moverllent of the tegmina im,rards and 

out-vrards is different. Since the spacing is fixed for a species, 

the quality of the song becomes distinctive for a species. This 

may be regarded the second quality of the song. 

The third quality of ~ song is the number of pulses 

comprising a phrase, i.e., the number of successive pulses before 

a break in the song. For example, in G. as similis a fe"':l pulses 

are emitted, then a break occurs before the singing is repeated. 

It may be concluded that the quality of the song of a 

particular species depends firstly on the number of teeth of the 

file scraped by the scraper, secondly on the speed by which the 

tegmina are moved outvrards and in"t>rards, and thirdly on the number 
the 

of pulses per unit time; and the kind of~song on the elevation 

of the tegraina. 

One question still remains to be ans-vrered, namely, the 

function of the remaining part of the file 'l.'lhich is not scraped 

by the scraper. It is possible that this 1unused' part may 

further help in producing the specifie modulated frequency in a 

uay analogous to 'l.·rhat occurs in our stringed instrw:.11ents, in 'l.vhich 

only a part of the string is engaged by the bo1-r. vJhen even a small 

peg is put on the string, the modulated quality of the string 

changes. The tooth· ·number probably performs a similar function 

in the stridulatory mechanism of crickets. 
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III. STRUCTURE AND DEVELOPEENT OF THE REPRODUCTIVE ORGANS OF 

GRYLLUS VELETIS AND G. PENNSYLVANICUS 



( 2.9 ) 

III. STRUCTURE AND DEVELOPf:fENT OF THE REPRODUCTIVE ORGANS OF 

GRYLLUS VELETIS AND G. PENNSYLVAIHCUS 

1. Introduction 

The structure of the rep'roductive organs of the Gryllidae 

has been studied by a number of vmrkers. Spann (1934), 't•Jho 

de scribes the structure of the se or gans for Gryllus "as similis •t
1 , 

has given a complete review of the literature up to date. Since 

then Snodgrass (1933, 1937), Qadri (1940) and Gupta (1948) have 

described the structure and development of these organs in 

Gryllus 11 assimilis"
1

, Gryllulus [now Acheta] domesticus (L.) and 

Gymnogryllus erythrocephalus (Serville), and Gryllulus 

[Gryllodes) sigillatus (Walker) re.spectively. The aim of the 

present study, as in other par~s of the thesis, 'ttlas to discover 

differences, if any, in the development of the reproductive 

organs of the tvro closely related North American species Gryllus 
~ .(o 

pennsylvanicus and Q• veletis 
1
particularly .i-E. respect -e-f..late 

instar nymphs. 

In G. veletis and G. pennsylvanicus the duration of the 

penul timate and the last nyT!lphal instars (nymphs v-ri th short 

vring-pads and long v.ring-pads, usually in their eighth and ninth 

instars respectively) is very variable and differs in the tvro 

1 Not Gryllus assimilis (F.) but one of the corarnon North American 

speciesJ pos sibly G. pennsylvanicus. Spann' s material vias from 

Kansas. 
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species. Under the laboratory conditions used by the author1 the 

duration of these instars in G. veletis itTaS found to vary from 

5 to 29 and 6 to 31 days respectively, ·t-rhile in G. pennsylvanicus 

the corresponding periods of development were 7 to 10 and 8 to 11 

days; the durations of other instars of the tvm species 'tvere more 

or less similar (unpublished observations - but see also Jobin 

(1961) for a fuller study of this aspect). As noted elsevrhere, 

G. pennsylvanicus overwinters in the egg stage but G. veletis 

enters hibernation as a nymph, probably in the eighth or ninth 

instar. In spi te of the differences bet·ween the species during 

these critical instars, the present studies unfortunately reveal 

virtually no difference in the structure and development of their 

reproductive organs, so that little additional information of 
2 

value to the taxonomist has be en obtained • Ho-vrever, in vie"tv of 

the confusion in the literature regarding the species of the 

assimilis group studied by previous authors, a re-examination of 

the problem is fully justified. 

1. The nymphs v.rere reared on crushed "baby rabbi t pellets 11 (sold 

by Ogilvie Flour Nills Co. Ltd. Hontreal) in one-gallon candy 

jars. A vial of 40 ml. capacity, containing water, tightly plugged 

vri th cotton vmol, served as a source of 'l:mter in the jars. 

2. However, Randell (unpublished) has noted certain differences in 

the shape of the male epiphallus of the two species in Quebee 

populations, but i t is not yet knmm if such differences are 

constant for the vrhole distributional range. Similarly Alexander 

and Bigelow (1960) have pointed out that the length of the oviposit~ 
1 

differs bet"t,reen the tï.vo species, provided thay come from the same 

are a. 
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The study also clarifies sorne controversial points in the 

morphology of the reproductive organs, which have also been 

described briefly for the adult insects as a basis for discussing 

their development and morphology in the nymphs. Since the two 

species under review are similar in structure and development, the 

follow.tng account is equally applicable to both of them. 

2. Materials and methods 

Adul t G. veletis and G .• pennsyl vanicus \vere collected loc ally 

in the vicinity of Ste Anne de Bellevue, Quebec, at the beginning 

of :t:Iay and August respctively, and their progeny (first generation) 

was used for the study. The eggs of G. pennsylvanicus vrere given 

cold treatment at 6-7°G. for three months to ensure their regular 

development in order to obtain normal n~aphs (see Section VI). 

The reproductive organs were studied after making dissections of 

both the adults and nymphs in 70 per cent alcohol. Diagrarns were 

made using a camera lucida. 

3. Female reproductive organs 

The ovaries are more or less spindle-shaped extending from 

the second to the fifth abdominal segment. Each ovary consists 

of a large number of closely packed ovarioles 1-rhich open into the 

oviduct. The tvro oviducts run first posteriorly and then turn 

towards the middle line to meet the com.mon oviduct. The common 

oviduct is short, 1-ride at its base and pointed at its tip, and 

extending posteriorly to open into the genital cavity. The gonopore 

is \·!ide and dors al being situated in the dorsal wall of t he common 
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oviduct. The spermatheca is pear-shaped, thin--vmlled sac, from 

the middle region of the left side of which leads a much 

convoluted spermathecal duct. This duct opens on the ventral side 

of the spermathecal spout. The spout is conical,. dorsally convex 

and strongly sclerotized, and ventrally concave and membranous. 

The concavity of the spout remains filled with fat body. The 

opening of the spermathecal duct is situated, not at the tip of 

the spout, but a little anterior to it and is considerably finer 

than the gonopore. The spout lies in the dorsal part of the 

genital cavity a little posterior to gonopore. The genital cavity 

lies betvreen the subgeni tal plate on the ventral si de and the 

ninth sternum on the dorsal side. 

The subgenital plate is pocket-like and closed posteriorly. 

rts ventral \'lall is heavily sclerotized, the anterior margin of 

which is fused with the posterior margin of the seventh sternum. 

The dorsal wall of the pocket is sclerotized only postero-laterally, 

leaving the anterior and median part membranous. This latter 

remains folded, and in this fold opens the gonopore. The anterior 

mar gin of the dorsal 'ivall of the subgeni tal plate is fused wi th 

the membranous eighth sternum, uhich also forms a fold, like that 

of the subgenital plate. In the posterior part of the fold of the 

eighth sternum lies the spermathecal spout. Thus the genital 

ca vi ty actually lies bet1..reen the se t·uo folds Hhich, being fused 

anteriorly, form a membranous cham ber 1·rhere the fertilization of 

the egg takes place. Thus the dorsal vrall of the subgenital plate 
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and the membranous eighth sternum separate the common oviduct 

and the spermathecal duct from each other, except near their 

openings. 

The ovipositor consists of three pairs of valves, the 

anterior and lateral pairs are long and perform the function of 

oviposition, vhiJ.St the inner pair is rudimentary and remains 

concealed betvreen the anterior and lateral pairs. The eighth 

sternum is membranous except for the lateral parts 'ltrhich form the 

first pair of val vif ers ;their postero-mesial corners remain 

articulated ·vri th the anterior oviposi tor valves. The spermathecal 

spout., in the middle part of the sternum, probably forms the first 

intervalvula. The ninth sternum. becomes divided into a number of 

scleri tes: namely ,_ the anterior and posterior intervalvulae; 

a pair of valvifers vrhich remain fused -v:ith the bases of the 

lateral and inner pairs of the ovipositor valves; and a pair of 

antero-~ateral pieces ·t<rhich bec orne fused vii th the anterior 

valvifers. There are no basivalvulae since no distinct sclerite 

becomes differentiated at the base of any ovipositor valve. 

Development of the ovipositor valves: The sexes cannot be 

distinguished externally in the first instar. In the second instar 

the sexes can be separated r ather easily, as the ninth s ternwn 

of the female appears divided into three parts, but there are no 

traces of the ovipositor valves. In the third instar(Fig. 4A), 

two pairs of the ovipositor buds appear, one a t the posterior 

margin of the eighth and the other at the posterior margin of the 
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c 

. 4 Flg./..Developmental stages of ovipositor and subgenital 

pl ate of G. veletis. A, surface vi'ew of eighth and ninth s terna 

of t h i r d instar; B and c, same of fourth and fifth instar. 

ab , anterior bud ; aopv, anterior ovipositor valves; iopb, inner 

ovipos itor bud ; i opv, inner ovipositor valve; lopb , l a t eral 

ovipositor bud ; l opv , lateral ovipositor valve ; lp , l ateral 

pou:ch; pb , pos terior gvi,posito!' bud ; VII , VIII , IX , nUJnber of 

s terna . 
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ninth sternum. The buds of the eighth sternum lie far apart, 

-vrhile those of the ninth are a little smaller than those of the 

eighth and are closer to each other. In the next instar (Fig. 4B) 

the buds of the eighth sternma, vrt1ich form the anterior pair of 

the ovipositor valves, grow and become more or less triangular. 

Each bud of the ninth sternum divides into a large outer and a 

small inner part, the outer part becomes the lateral ovipositor 

valve 1,rhile the inner one forms the inner oviposi tor valve. In 

the fifth instar (Fig. 4c) the three pairs of the rudiments 

assume the characteristic shape of the ovipositor valves, the 

anterior and lateral pairs become elongated, vrhile the inner pair 

remains sBall. In the subsequent instars (Fig. 5 A and B) the 

anterior and lateral pairs of valves grm.; further, but the inner 

pair, ins te ad of gr m'ling, becomes reduced and therefore remains 

sl:!lall and concealed bet·Heen the former pairs of valves in the 

adult. 

Development of ~ subgenital plate, valvifers ~ 

intervalvulae: In the first instar the s terna of the genital 

segments are more or less similar to those of the pre-genital ones. 

In the second instar the ninth sternum, Hhich is the smallest, 

appears to be divided into a median and t·Ho lateral parts due to 

the median part being a little raised up. In the next instar 

(Fig. 4A) the eighth sternum is smaller than the s eventh, Hhile 

the ninth remains the smallest and its division becomes more 

distinct. 
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A 1 

Fig. 5. Developmental stages of subgeni tal plate, conunon oviduct 

and spernatheca of G. veletis. A, inner vievr of last three sterna 

of sixth instar; B, same of eighth ins tar. a , anpulla of oviduct.; 

aopv, anterior ovipositor valve; cd, cornmon oviduct; iopv, inner 

ovipositor valve; lopv, lateral ovipositor valve; o, ovary; od, 

oviduct; psg , pouch of subgenital plate; red , rudi ment of common 

oviduct; rsp, rudiment of spermetheca ; sgp , subgenital plate; spd, 

spermathecal duct; sps, spermathecal sac; VII, VIII, IX, number 

of sterna . 
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In the fourth instar (Fig. 4B) the postero-lateral margins 

of the eighth sternum become membranous, while the ninth sternum 

becomes divided into three distinct parts: one median and two 

lateral, the latter bearing the ovipositor buds. In the next 

instar (Fig. 4G) the seventh sternum becomes the largest. From 

the intersegmental membrane between the seventh and eighth sterna 

a pair of lateral pouches is formed. The eighth sternum becomes 

further membranized in the antero-nedian and postero-lateral 

regions. The ninth sternum remains divided into three regions but 

the median region novr becomes more or less membranous. 

In the sixth instar (Fig. 5A) the seventh sternum remains 

the largest. The intersegmental pouches grov: further and the ir 

mesial ends meet. The ventral walls of the pouches become 

sclerotized 1;,rhile their dorsal 11alls remain membranous. In this 

manner the intersegmental membrane "tvhich gives rise to the pouches 

becomes double-v!alled having i ts ventral v:all sclerotized. The 

eighth sternum becomes f urther membr ani zed leaving only t he 

antero-lateral and a small postero-medi an region sclerotized. In 

the postero-median region is formed the invagination of the 

spermatheca . There is no che.nge in the ninth sternum. 

In the seventh instar the tvTO pouches f use forming a single 

l arge pocket, the en tire ventr al 1<Jall of the pocket bec ornes 

sclerotized like t he seventh sternum, ·v-rhile the dors al wal l 

remains membranous and covered completely by the eighth sternum. 

The pocket forms the subgenital plate . The eighth s t ernum becomes 
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almost completely membranous except the small postero-mesial and 

antero-lateral parts. The ninth sternum also becomes membranous 

except the lateral regions. In the subsequent instars (Fig. 5B) 

the subgenital plate becomes adtùt-like. From the three sclerotized 

areas of the eighth sternum the median area forms the spermathecal 

spout, vrhile the lateral areas form the first pair of valvifers. 

The lateral regions of the ninth sternum become divided into two 

parts, the anterior and posterior. The anterior part fuses with 

the first valvifer 1-rhich thus becomes a composite structure, while 

the posterior part forms the second valvifer. At the s~~e time 

the tvm intervalvulae are also formed in the ninth sternum. The 

nin th tergum remains connected vri th that piece of the ninth 

sternum ·which is fused 1vi th the first. valvifer. 

Development of the genital ducts: In the first instar the 

ovaries are very small and globular lying in the fourth segment •. 

The oviducts extend up to the posterior margin of the seventh 

sternun1 vrhere each terminates in a small hollovl arapulla, the 

anpullae of the tvro sides lying very close to each other. In the 

next four instars these structures grow further. In the sixth 

instar (Fig. 5A) drastic changes take place. A mesial thickening 

is formed on the ventral surface of the dorsal 't•rall of the 

subgenital plate, v.n1ich is the rudiment of the common oviduct. 

An invagination develops at the base of the anterior ovipositor 

valves in the eighth sternum forming the rudiment of the 

spermatheca. In the eighth instar (Fig. 5B) the rudiment of the 
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common oviduct grm·rs anteriorly and fuses "':li th the ampullae of 

the oviducts and in the subsequent instars it develops the 

characteristic shape. The spermathecal rudiment, in the seventh 

instar, grows and forms a short duct uith a small sac at the 

anterior end and in the next instar the duct becomes a little 

longer. In the nin th instar the sac as SUL.'leS the adul t form but 

the duct still remains short and less convo1uted. 

Discussion of the female reproductive organs: Qadri (1940) 

and Gupta (1948) have given detailed accounts of the development 

of the reproductive organs of certain species of cricket , but 

their accounts appear to be inaccurate in places. This inaccuracy 

has arisen, firstly, because probably neither author conducted 

adequate breeding experiments ~:ri th the result that there was 

confusion regarding t he precise nymphal instar in "':Ihich a 

particular structure developed, and, secondly, because the authors 

mentioned studied only certain n~nphal instars and not others, 

the instars studied by the tvro authors not necessarily being the 

sam.e . 

The rudiments of the ovipositor valves, one pair at the 

posterior margin of the eighth and the other pair a t t he posterior 

mar gin of the ninth sterna, arise at t he same time in the third 

instar of G. pennsylvanicus and G. veletis. Hm<Tever, Qadri and 

Gupta (ll.cc.) describe their origin in the s econd and f irst 

instar respectively fo r the species studied by t hem. Gupta maintain~ 

that each rudinent of t he anterior ovipositor valves divides into 

t"Ho and that the inne!! division becomes absorbed shortly after-
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wards. In G. pennsylvanicus and G. veletis these rudiments do not 

divide. Each third and fourth nymph took three to four days to 

reach the fourth and fifth instar respectively, during which 

period nyrn.phs were exaHined daily in order to observe any division 

of the rudiments. The rudiments of the anterior ovipositor valves 

did not divide at any stage, hm·rever, and it is inconceivable 

that any divided condition of the rudiments could be so short 

lived - less than 24 hours. It also seems improbable that Gupta 

could have secured such a stage without rearing experiments. 

Admi ttedly Gupta vras using crickets of a genus other than Gryllus, 

but this kind of division has~ot besn observed in any other insect 

and he was surely wrong in his opinion that other workers like 

Nel (1930), Hetcalf (1932), D1Rozario (1942) and myself (Rakshpal, 

1945) had missed this stage. Subsequent development of the 

oviposi tor valves in G. pennsylvanicus and G. veletis, hm·rever, 

is similar to that described by Qadri and Gupta for Acheta 

domesticus, Gymnogryllus erythrocephalus and Grzllodes sigillatus. 

The subgenital plate develops as a pair of pouches in the 

intersegmental membrane between the seventh and eighth sterna as 

described by Qadri. This author has described tbèir origin in the 

second instar of the species studied by him (!_. domesticus, 

G. erzthrocephalus), but this requires confirmation, since, in 

G. pennsylvanicus and cr. veletis they arise in the fifth instar. 

Becker (1932) regards the formation of the subgenital plate in 

insects as being due to the fusion of the appendages of the 
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seventh segment, but he probably confused the paired pouches of 

the intersegmental membrane 'Hi th the appendages of the seventh 

segment. Gupta, on the other hand, believes that the subgenital 

plate in Gr;z:llodes is formed from the posterior part of the 

seventh sternum, but i t '1.vould seem probable that he missed the 

instars in Hhich the paired origin of the subgenital plate from 

the intersegraental membrane can be distinguished. 

The cornmon oviduct is formed in the sixth instar in 

G. pennsylvanicus and G. veletis, although Qadri and Gupta regard 

its formation as occuring in the third and second instar 

respectively in the species studied by them. It develops as a 

thickening on the ventral surface of the dorsal wall of the 

subgeni t a.l plate as shm·m by Qadri, \·!he reas Gupta (presurnably in 

error) desc:ribes its forr.mtion on the dorsal 'l.·rall of the 

intersegmental membrane. In G. pennsylve_nicus and G. veletis the 

rudiment of t:1e spernatheca appears in the sixth instar. Qadri 

and Gupta, hm.Jever, mention its o:rigin in t he third instar in the 

species studied by them. This structure develops on the eighth 

sternum as described by Gupta, and not on the ninth as assumed 

by Qadri. Gup t a mentions the formation of the rudliJent of the 

accessory gland in the ninth sternum in the second instar and its 

absorption subsequently. Ho~<Jever , ElY observations shm·r that no 

such rudiment arises either in the second or in the subsequent 

instars in G. pennsylvanicus and G. veletis. 
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4. Hale reproductive organs 

The male reproductive organs consist of a pair of testes 

lying in the third to sixth abdominal segiJent and meeting in the 

mid-dorsal line. Each testis has a large number of follicles 

"ivhich overlie one another and are enveloped in a delicate 

peritoneal membrane. The follicles open in the intra-testicular 

part of the vas deferens through fine vasa efferentia. After 

emerging from the testis the vas deferens runs posteriorly to the 

ninth segment where i t loops belo-vr the cercal nerve and then turns 

forl .. mrd to enter the mass of the accessory gland tubules. Here 

it becomes thickened to form the compactly coiled epididymus and 

then runs a little posteriorly to open dorsally into the 

ejaculatory duct near its anterior end. The ejaculatory duct is 

a wide tube opening into the genital cavity. Into the extreme 

posterior end of the duct opens a pair of pear-shaped lateral 

vesicles. At the mouth of the ejacula tory duct are present t"i·JO 

lateral lips vlhich become extended vrhen the spermatophore is 

present in the genital cavity. There is a median ventral fold which 

remains upturned, covering the lateral lips and gonopore and 

occupying the cavity of the spermatophore chamber. The accessory 

glands consist of a mass of tub1.Jles arising from the lobe formed 

by the fusion of the posterior ends of the vasa deferentia. The 

dorsal tubules of the gland are some\.·That snaller thanthe lateral 

and ventral ones. 



( 43 ) 

The genitalia (Fig. 6) consist of a broad, s clerotized , 

rec1.:œved , median dorsal prong - the pseudosternmn of HEüker (1922), 

pseudoepiphalle of Ghopard (1920), or ancre of Snodgr ass (1937) -

and a pair of bifid prongs (ectoparanaeres of Halker). From the 

median dorsal prong extends a long arm (re.mus of Halker) anteriorly 

on each side. On the ventral side of the median prong is present 

a rls;;;ac"9P 7_ pointed spermatophore guide extending into a large 

thin-valled pouch , the spermatophore chamber; a U-shaped structure 

(endoparamere of Halker) lies on the dorsal surface of the guide. 

The subgeni t c.l plate is forr.1ed by the trough-lilte nin th sternum. 

Development of t he geni talia e.nc1 subgeni t B.l pla.te: In the 

first and second instars (Fig. 7A) the posterior margin of the 

ninth sternum is slightly convex, but, in t he next instar, the 

margin becomes Bore or less f l at. In the fourth instar the narro-vr 

posterior pe.rt of the ninth sternum turns i n-vrards and becomes 

membranous, "t·rhile the posterior mar gin of the sclerotized part 

develops a median dep:-ression. In t he next i nsta.r (Fi g . 7B) t he 

margin of the ster num bec omes slightly more depress ed and the 

inturned part grov!S fur th er, t hus forming a pocket, t he ventral 

-vrall of 1·rhich consists of the sclerotized sternurn, vrhile the 

dorsal "t·ral l is forned by t he i nturned part. Due to f ur t h er 

gro-vrth of t he inturned part, t he intersegnental membrane behind 

the inturned part becomes folded. In t he s i xth instar (Fi g . 7C) 

the membrane develops a pair of sclerotized penis l obes 

in its dorsal part, and in its ventral part a median 
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Fi g . 6. hale genitalia of G. veletis. A, ventral view of 

dorsal and bifid prongs; B, ventral part of bifid prongs; 

c, U-shaped sclerite; D, sperma t ophore guide; a , ar m of dorsal 

prong ; bp, bifid prong ; dp , dor sal prong ; spg , dprsal part of 

sperQatophore gui de. 
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F 

Fig. 7. Developlilental stages of male ge ni talia anci genital 
ducts of G. veletis. A, inner vie-vr of ninth sternul!l of second 
instar; B, same of fi f th instar; C, postera-ventral vie-H of 
geni t 2.lia and ventre.l vie·H of e.mpullae of vas a d.ef'erentia of sixth 
instar; D, :S , F, postera-ventral vie\·! of geni talia of sev enth, 
eighth anci nin t h ins t ar ; G, ci.orsal vievr of al!lpullae of vasa 
deferentia ; I-I , ventral v i e'v of same of ninth ins t ar . a , Etnpulla 
of vas deferens; ap , dorsal prong; ejd, ej aculatory duct; fa, 
fus ed an pullae of vasa deferentia; g , gonopore; ip, intur ned part 
of ninth sterm.:uu; isn, interseguent al membr ane; 1, loop of e:lilpulla 
of lef~vas deferens; l a., lef t ampulla ; lp, latere.l pro jection; 
lvcl , left va s deferens; pl, penis lobe ; r a , right ampulla; r vd , 
right vas deferens ; vd , v as deferens; vp , ventr2.l prong ; vs , 
ventral sclerotization; IX , ninth sternum. 
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sclerotization extending on beth sides. Bet1.veen the dorsal and 

ventral sclerotizations in the membrane a median depression 

appears, in the ventral part of Hhich lies the gonopore. The 

inturned part of the ninth sternum remains more or less membranous. 

In the seventh instar (Fig. 7D) the inturned part, due tc 

its growth covers the posterior half of the sclerotized ninth 

sternum. The anterior margin of the inturned part is depressed 

in the middle, vThile the corners, vrhich are more or less roU11ded, 

remain projecting anteriorly. The spe.ce bet1.v-een the sternum and 

the inturned part becomes narrm·r, and the inturned part itself 

remains almost completely covered by the intersegmental membr2ne. 

The intersegmental membrane, due to its fol4ing, forms a shallow 

peuch. The penis lobes fuse in the middle line, "~:rhile the ventral 

sclerotization gro-vrs laterally. 

In the eighth instar (Fig. 7E) the inturned part covers 

almost three quarters of the sternum from the posterior margin, 
e 

and the pos~ior margin of the inturned part becomes sclerotized. 

The anterior median part of the two fused penis lobes evaginates 

dorsally forming the dorsal median prong. Similarly the area 

bet"li!een the t-vm penis lobes, along vii th the ir mesial mar gins, 

groVJs above the general surface forming a short ventral prong, 

the double nature of 1:!hich remains distinct due tc the slight 

bifid condition of the tip. 

In the ninth instar (Fig. 7F) the dorsal prong gro-vrs and 

becomes a distinct pointed structure. On each side of the ventral 
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prong arises 2. projection "~:rhose tip is flat, and, as the prong 

grows, the projection remains at a lower level. Two or three days 

before the final moult the ventral prong gives rise to the 

spermatophore guide, -vrhile the lateral projections form the bifid 

lateral prongs, and the dorsal prong assumes the shape of the 

adult structure. All these structures are distinctly visible 

inside the nymph21 structures. After the formation of the 

sperma tophore guide, the membrane bet1.·reen the guide and the 

gonopore becomes depressed,forming the spermatophore chanber; and, 

due to the depression, the base of the guide cornes to lie in the 

dorsal uall of the cham ber. At the saine time t-t-.ro lips are forL1ed 

one on ei ther side of the gonopore, and the se norr~ally remain 

contracted, becoming extended only uhen t he spermatophore is 

present in the genital cavity. The ventral fold is formed by the 

v-entral· scl~rotization i·rhich boeomes turnep{ dors ad, covering the 

gonopore and the lateral lips, and coming to occupy the cavity of 

the spermatophore cham ber. The ventral fold I.·Ihen inside the 

spermatophore chamber assumes the form of a hollm·r, ribbed cylinder 

having six ridges al ternating ''li th six furro-vrs, and probably forms 
e 

a mould for the spfmatophore plate. \ihen the spermatophore is 

completely f ormed the ventral fold is extruded and forms a ventral 

support for the spermatophore, the l a teral lips being released 

and thus extended a t the same time, fo rming l a t eral supports. 

Development of t he genital ducts: In the fi rs t i nstar the 

small testes lie in the third abdominal segment, Hhile the vasa 
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deferentia extend to the posterior margin of the ninth sternum 

'Fhere they termina te in t1.vo hollow arnpullae of equal size. In 

the fourth instar the left ampulla becomes a slightly larger 

than the right one, vrhile in the next instar (Fig. 7H) it becornes 

quite distinctly larger. In the sixth instar (Fig. 7G) the left 

ampulla becomes looped and thus appears to consist. of two parts, 

while in the seventh instar the ampulla of the right side fuses 

wi th the overgrovm part of the left ampulla, so that, after 

fusion, a large lobe is formed. The dorsal part of this lobe 

grolrs posteriorly more tovrards the left. side them to-vmrds the 

right, and thus the whole structure becomes asyn~etrical. In the 

eighth instar the extended part loops ventrally tm·.rards the left 

s i de, and in. the nin th instar (Fi g . 7G e.nd '7I-I) a distinct loop 

is formed opening to the left. The anterior part of the entire 

structure renains globular, and in this part the ej aculatory duct 

opens ventrally. Thus the posterior overgrown part of the vasa 

deferentia conceals the ej acu~a.tory 6u.ct. The accessory glands 

develop f rom the posterior fused part of the va s a deferentia and 

are therefore mesodermal in origin. 

The cor:llnon ejacula.tory duct is for111ed in the third instar 

in the intersegmental membrane behi nd t he ninth sternum;later 

on i t extends anteriorly and fus es ï:!i th the ampullae of the vasa 

deferentia . 

Discussion of t he male reproductive organs~ Snodgr ass (1937) 

and Qadri (19L~o) have described the development of the male 
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reproductive organs in Gryllus 11assimilisn1 and Acheta donesticus 

respectively. In G. pennsylvanicus and G. veletis the penis lobes 

arise in the fifth instar in the form of a pair of buds as 

indicated by Snodgrass. Qadri, however, mentions their presence 

in the first instar of A. domesticus and he further states that 

the ampullae of the vasa deferentia rest on the buàs. In fact the 

ampullae of G. pennsylvanicus and G. veletis lie on a thick 

layer of fat body 1:rhich has the appearance of t'liJO small buds and 

it seems probable that Qadri mistook them for the penis lobes. 

From his diagram of a cross-section pas s ing through the ampullae 

of vasa deferentia, and showing the histology of the nymph, it 

is quite evident that the structure beneath the ampullae is the 

fat body. Qadri maintains that each penis lobe of A. domesticus 

di vides into t1,vo. In G. pennsylvanicus and G. veletis i t never 

di vides, hmvever, and it Hould seem that he has probably confused 

the ventral sclerotization 'vi th the ventral buds. He gives no 

diagram in support of his vievr. Snodgrass considers that the 

ventral sclerotization in Gryllus "assimilis"l arises as a pair 

of buds 1·:hich fuse shortly afterward. Hm·rever, in G. pennsylvanicus 

and G. veletis this structure is a single median structure from 

the very beginning. As in other insects the entire genite~ia are 

formed by the penis lobes and the ventral sclerotization does not 

take any part in their formation. Therefore the latter cannot be 

part of the penis lobes. The spermatophore guide is comparable 

1. See footnote on page 29. 
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ui th the aedee.gus of other insects, sine~ t is formed by the fusion 

of the mesial perts of the penis lobes and also performes a 

similar function by directing the duct of the spernatophore to 

the opening of the spermatheca, thus transfering the spermatozoa 

to the female. The bifid lateral prongs are comparable with the 

param.eres of other insects since they are formed by the outer 

parts of the penis lobes and probably function in ~ opening the 

genital cavity. The ejaculatory duct arises in the third instar 

of G. pennsylvanicus and G. veletis; Qadri, however, describes 

its presence in the first instar of A. domesticus. 

5. General discussion 

There are tv10 views re garding the origin of the geni talia 

in insects (for literature see Ha,€t9lda, 1958). One vieï:J is that 

the embryonic abdominal appendages persist in the post-embryonic 

stages and give rise to the ovipositor of the female and the 

phallic or gans of the male (Hheeler, 1893; El se, 1934; Room·ral, 

1937 - on the basis of the embryological studies - and Verhoeff, 

1896; 1902; Borner, 1921; and others, inc1uding Scudder, 1957 -

on the basis of comparative morphology). The other view is that 

these structures are absolutely ne"~:r arising in the post-embryonic 

stages (Heymons, 1896; 1897; 1899; Zander, 1900; 1901; 1903; and 

others). I have already shovm that the rudiments of the ovipositor 

and the phallic organs of homopterous, hymenopterous, lepidopterous 

and coleopterous insects arise as new structures in the post­

embryonic stages (RaJ{shpal, 1941; 1943; 1944; 1945; 1946a; 19Lr6b). 
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Further, my studies of morphogenesis of four American species of 

Gryllus (See Sections DT and V) shovr that abdominal appendages 

arise on either side of each abdominal segment after the completion 

of anatrepsis ,_ but that all the se except those of the f irst and 

last segments (na~ely thePleŒropodia and cerci) are resorbed before 

katatrepsis begins. These observations and the present studies 

shm .. r conclusi vely that the oviposi tor and phallic or gans have 

nothing in comr.a.on 1-ri th the embryonic abdominal appendages and 

that they arise as ne-v; structures in the post-embryonic stages 

as has b.een recently cliscussed on the basis.- of previous li ter a ture 

by Hastuda (1958). 

~Jheeler 1 s (1893) vie-vi, that the appendages of the eighth, 

ninth and tenth abdominal segments talee part in the formation of 

the ovipositor, and that the appendages of the tenth form the male 

genitalia of insects, has been supported by Else (1934), Roonwal 

(1937) and, more recently, by Dupuis (1950) and Gustafson (1950). 

Hov1ever, my previous observations (Rakshpal, 11. cc.) and present 

studies, along 1vi th those of other -vmrkers, clearly show that the 

ovipositor is formed by the rudiments arising from the eighth 

and ninth sterna, and the phallic organs of the male by those 

arising fromtine ninth sternum or from the intersegmental membrane 

posterior to the ninth sternum. 

It is interesting to observe that the view, that the 

ovipositor is formed by the persisting embryonic appendages of 

the eighth, ninth and tenth abdominal segments and that the male 
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genitalia are formed by the persisting appendages of the tènth 

abdominal se~1ent, is based on the studies of the embryonic and 

post-em.bryonic development of Xiphidium lConocephalus) 

(Tettigonioidea), Uelanoplus and Locusta (Acrididae) and that no 
even 

evidence has been found to support the vie'l.·riin other groups 

of Orthoptera (nrunely Gryllidae). There appears, therefore, to 

be reason to doubt the accuracy of the observations on these 

insects and a re-investigation of their morphogenesis uould seem 

to be called for. 
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IV. l·IORPHOGE?'ESIS AND ENBRYOHIC l1EHBHAIŒS OF GRY.LLUS ASSTI-1ILIS 

(FABRICIUS) 
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rl •. l·IOI1PI-IOGJ:EESIS AND ENBRYONIC HEMBRAIŒS OF GHYLLUS ASSll'liLIS 

(FABRICIUS) 

1. Introduction 

In order to compare the embryonic development in 

G. pennsyl vanicus and G. veletis, i t -vras considered that a proper 

prier knovrledge of the morphogenesis of the genus should be 

obtained. Forthis reason a preliminary investigation of the 

development of the eggs of a non-diapause species from Jamaica, 

Gryllus as similis (Fabricius), sensu -.s..;.t.;.;..r.;;;;;;i..;.c..;.t-..o J Has undertaken. This 

species was selected because it reproduces readily in the laboratory 

and is kno,·m to have an uninterrupted development. rt vras 

considered that the study might help to explain differences in the 

respira tory met aboli sm and nature of rnetaboli tes in the t-vro kinds 

of eggs (diapause and non-diapaus e) found in G. pennsylvanicus 

and G. veletis. It ,,ras also thought that a study of embryonic 

membranes, particularly of the seros al cuticle, might p-osoibly 

help to explain the resistance of eggs of different ages to cold 

and drought. 

The eggs of G. as s imilis and other field crickets (unpublished 

observa tions) 2.re particu~arly l.rell sui ted for studying the 

norphological development of t he ernbryo '-Ti t hout killing or 

injuring the eggs. The chorion is thin and transpar ent and 
{;t.... 

therefore dechorionation is not necessary. Neither does1serosal 

cuticle obscure the e mbryo and for the greater part of its li fe 

the embryo lies on the surface of the yolk . The eggs can develop 

Hi t hout any injury even uhen t hey are submerged in 'l:rater. The 
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entire developnent of the embryo m.ay be divided into ten main 

stages to facilitate t he comparison of t h is with eth er species 

of Gryllus. 

In the Orthoptera the él.evelop:0.ent of the embryo has been 

studied nostly in locusts and gr asshoppers, :ror exDli:lpl e, by Slif er 

(19322., 1932b, 1 937) in t:elanoplus dif ferentüüis (Thomas), 

Room-ral (1937) and Shulov and Pener (1959 ) in Locusta migr a t oria 

nigra torioides (Reic~1e and li'air~·:l&ire), Steel (1941) i n 

Austroicetes cruciata (Saussure), Bode1~~eimer and Shulov (1951) 
\.\. 

in Dociostéfus naroccanus (Thunberg ), and by Eat t hée (1951) in 

Locus.t&na pa r clalinc. O,·JBlker). lü!.10n gst crick ets only Gryllulus 
1 

{.Achete.] cor,mlOdu s (Halker) , a diap ause species, h a s been s t udied 

in any det ::ül (Br ook es, 1 952), a l though varions e arlier 1·mrkers, 

notably Eeynons (1895), have ref erred to t he enbryology of 

Gryllidae, including t he genus Acheta [ Gr yl l us dom.esticu s aue tt J . 
2 . l·Iaterials and methods 

'l' en f eTJales and f our males 1rere k ept i n a l a r ge cél.ndy j a r 

with a dish containin g 30 c.e. of sand moistene d with 10 c. e . of 

11at er . The f enales be gan l o..yi ng egg s al r.1ost i mned i a t el y after t h e 

s and- dish was place d in t he j ar. lTithin hal f an hour quite a l a r ge 

nu.m.be r of e ggs he,d be en Ls.i d , 't·rhen the dish \·ras t81c e~ out and t he 

e ggs \:ri t h s anà_ -vre r e k ept on a piece of paper t o-vrel i n a s r.1all jam 

j ar and incubated a t roon temperature (23-26°C.). ~·Jhenever 

1 Randell (in preparation) i ndicat es t hat coEaodus belongs t o 

a. genus cüf/ erent fr om both Ache t a and Gr yllus. 
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required the eggs vrere collected vli th a camel-hair brush dipped 

in water, and fixed "t<Ji thin a fevr minutes. The eggs for fixing 

were collected every morning so that the exact age of the eggs 

could be knmm. The eggs were fixed in hot Bouin' s piero-formol 

and le ft in the fixative for 18 to 24 hours. A ft er vmshing vli th 

\·.rater, 30, 50 and 70 per cent alcohol the eggs were preserved in 

70 per cent alcohol for future use. l'Jhole eggs 't·rere stained in 

bulk in Borax carmine and destained in acid alcohol. It 'toJas 

necessary to puncture the chorion to allovr penetration of the stain. 

The eggs 't·rere studied in 70 per cent alcohol under a stereoscopie 

binocular microscope. To study the early stages of the embryo 

i t vras found to be of great advantage for the light to fall on 

the eggs from the side. The diagrams vrere made using a camera 

lucide.. 

Each sample contained eggs in various stages of development, 

particularly in the late stages. From each sample the stage 

s elected -vras shmm by the Tiaj ori ty of the eggs, and this stage 

1·ras taken as representative of that age of the egg. Host of the 

eggs hatched at room temperature (23-26°C.) on the seventeenth 

day. In all, t"t·Jenty-tvro samples vrere fixed in three series and 

it is interesting to note that each sample of eggs: of aparticular 

age showed the same 'representative' stage of development. 

Twenty-five eggs from each sample vrere exa.rnined. 
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3. Description of egg . and embryonic stages 

The freshlylaid egg (Fig. 8A) is about 2.5 mm. long, 

tapering at both ends, vri th the anterior pole slightly pointed 

and the posterior pole, blunt. The dorsal surface is convex and 

the ventral surface a little concave. The chorion is stiff and 

transparent and shot'ls no sign of a 'cap' (seo belm·r). The yolk 

is finely granular during the first three days of incubation, 

after vrhich i ts particles be come grouped into larger polyhedral 

masses. 

The entire morphological dvelopment of the embryo may be 

divided into ten main stages ,,rhich are distinct even 't>lhen the 

embryo is alive and inside the chorion. In the fixed embryos, 

after their removal from the chorion, many other features become 

distinct, and the main stages may be subdivided. 

stage I (Figs. 8 and 9 ):-About 36 hours after the egg is 

laid the embryo appears as a minute speck of cells at the posterior 

pole. Although the embryo is not visible 'i.vhen inside the chorion, 

a small space containing sorne fluid at the p'osterior pole suggests 

the presence of the embryo. t'li thin the next t,:-rel ve hours (Figs. 

8 and 9 Ib, Ia) the embryo occupies the entire posterior end of 

the egg, bec ornes pear-shaped, sho't·rs no signs of differentiation 

and is about 0.3 ~~. long. 

Stage II (Figs. 8 and 9):- During the next tvrelve hours the 

embryo cornes to lie on the dorsal surface of th~ollc, extending 

up to about one-third of the length of the egg from the posterior 

pole. It becomes elongated and develops a constriction Hhich 

divides it into a protocephalic and a protocormic regions. 
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Fig. 8. Developmental stages of G. assimilis, showing the 

position of the embryo inside the egg after different periods 

of incubation. d, dorsal side of egg; v, ventral side of egg. 
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The protocephalic region, ·Hi th i ts flat mar gin, is shorter but 

broader than the protocormic region, and the caudal end of the 

protocormic region is rounded. 

stage III (Figs. 8 and 9):- On the fourth day of incubation 

the embryo becomes bent in a U-shape and lies at the posterior 

pole. It elongates further, the protocephalic lobes becoming 

distinct through a lateral expansion of the anterior part of the 

protocephalic region and due to the formation of an anterior 

median depl'"'ession. 

Stage rv (Figs. 8 and 9 ):- Hithin the next twelve hours 

the embryo occupies the middle region of the concave ventral 

surface of the egg , and by this time has completed about one-fifth 

of its development; it becomes about half as long as the egg. The 

protocephalic l.obes become thickened and bet1veen them, at their 

extreme end, the labrurn develops as a small globular S"loJelling 

leaving the stomodeaurn exposee~. Primary segmentation be gins, 

proceeding gradually from the anterior to the posterior end and 

demarcating successively the antennal, mandibular, t1·ro maxillary, 

three thoracic and eleven abdominal segnents. After completing 

primary segmentation the embryo sinks into the yoD{. 

Stage V (Fig. 8):- During the next period of five to six days 

of incubation the embryo remains inm1ersed in thel;Yolk and therefore 

not visible. An egg of this stage, hO'uever, is distinguishable 

from the eggs of early stages due to the presence of polyhedral 

masses of yoDc, and a distinct cap. On the fifth day of incubation 
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Fi g. 9. Development of t he body f orm of the embryo of 

G. assimilis duxine t he first ten days of incubation. 
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the posterior abdominal segments of the e mbryo become convoluted 

and ventrally flexed (Fig. 9, Va). The embryo appears to become 

shorter due to flexion but it begins to widen as secondary 

segmentation begins. The rudiments of the antennae and three pairs 

of gnathal, three pairs of t horacic and three pairs of abdominal 

appendages appear. ~Tithin the next twelve hours indications of 

the other abdominal appendages also appear. On the sixth daT of 

incubation the labrum maves downward and conceals the stomo~ 

(Fig. 9, Vb). Segmentation appears in the gnathal and thoracic 

appendages. The appendages of the\first (pleuropodial} and the 

last (cercal) abdominaL segments become distinctly marked off from 

other appendages, assuming the shape of small buds. Each 

pleuropodium arises as a lateral evagination from the pleural 

membrane. On the seventh day of incubation, and before the embryo 

prepares for revolution (see belm,i), all abdominal appendages 

except the pleuropodia and cerci are resorbed (Fig. 9, Vc). The 

pleuropodia become reniform in outline 1·:ith a narro-vr projection 

by means of vJhich they remain connected to the pleural membrane. 

The cerci become conical and lie close to the ventral wall of the 

body. The antennae become elongated, extending up to the posterior 

margin of the prothorax. The gnathal and thoracic appendages 

become further segnented and the latter become longer tha.n the 

former. 

Stage VI (Figs. 8 and 9):- The eighth day of incubation sees 

the beginning of revolution lJhich is described more fully belo\•T. 
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The embryo becomes bent into the form of a J or a U and its 

appendages project into the clear space at the posterior ~nd: of 

the egg. During revolution only a fe"t·r developmental changes 

appear. On the ninth day of incubation the embryo becomes thickened 

and the free r.1argins of the body "t·rall begin to fuse in t he mid­

dorsal line, beginning at the posterior end (Fi g s.8 and 9, VIa). 

The appendages become further elongated but do not assume their 

characteristic shape. The labrum shm·Js a transverse groove in the 

middle line. The pleuropodia beco@e further elongated and the 

cerci, though small, become distinctly conical. The conclusion 

of this stage mark s the end of blastokinesis. 

Stage VII (Figs. 8 and 9):- On the tenth day of incubation 

the compound eyes, due to the development of pigmentation, appear 

a s tuo ore.nge-brm·m specks at the later al margin of the head and 

are visible near the middle of the egg . The antennae become very 

long and extend as far as the sixth abdominal seg1nent, vrhen the 

appendages begin to a ssume t heir characteristic shape. The cerci 

bec ome further elongat ed end l ie along t he ventral surf ace of the 

body. By gro-vrth the antennae and cerci become more elongated, and 

the tips of the former begin to touch t hose of t he l a t ter . 

Stage VI II (Figs 8 and 9):- On t he élevent h day of incubat ion 

the enbryo becomes greatly elongated, occupying almost t he vrhole 

l ength of t he egc~ , and theref ore t he orange\Coloured compound eyes 

are visible near t he anterior end of t he egg. The head becomes 

more or less coni cal. The antennae and cerci elongate f urther. 



( 63 ) 

The distal parts of the antennae lie under the metathoracic legs 

(l:rhen vievred from the ventral side) and their tips on the outer 

side of the cerci. 

Stage IX (Fig. 10):- On thejthirteenth day of incubation, 

a pair of black lines marking the thickening in the embryonic 

cuticle at the lateral margins of the labrmJ, is visible; the 

posterior half of these lines is serrated. A cuticle is secreted 

by the embryo over the entire body except the pleuropodia. The 

head becomespore conical, the eyes very distinct with their 

margins clearly defined, and the embryo attains its full length. 

Stage X (Fig. 10):- On the sixteenth day of incubation the 

body and appendages become covered 'Hith small, regularly arranged 

bristles. Pigmentation increases over the entire body and the 

cerci ruld antennae become blackish in colour. On the seventeenth 

day, i.e., just before hatching, the head and face become brovm, 

and the eyes, antennae and cerci black in colour. 

The developmental stages of the embryo of G. assimilis may 

be summarized as follo1vs:-

Stage I (lt-2 days): Embryo not visible; yolk finely granular. 

Stage II (2t days): Em.bryo small, straight, visible on dorsal 

side of egg at about one-third of distance from the 

posterior pole; yolk finely granular. 

Stage III (3t days): Embryo longer, U or J-shaped at the posterior 

pole; yolk grouped in polyhedral masses. 

Stage N (4 days): Em.bryo on the ventral side of egg, occupying 

the mido.le region. 
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Fig. 10. Development Jf body- form of the embryo of 

G. assimilis from the eleventh to sixteenth day of incubation. 
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Stage V (5-7 days): I:nbryo not visible, yolk grouped in polyhedral 

masses. 

Stage VI (8-9 days): Enbryo bent into the form of a J or u-and 

its appendages projecting into the c1ear space at the 

posterior end of the egg. 

Stage VII (10 days): El:lbryo '"ri th orange-brm·m coloured compound 

eyes visible near the mid6le of the egg. 

Stage VIII (11 days): Er.1bryo occupying the '\·rho1e length of the 

egg, orange. coloured compotmd eyes visible near the 

anterior end. 

Stage IX (13 days): :Cmbryo sho,ring a pair of black lines in the 

embryonic cuticle at the lateral margins of the 

labrum.. 

Stage X (16 days): Body and appende.ges of the er1bryo covered \·ri th 

small bristles. 

4. Blastokinesis 

Blastokinesis '\ms observed in several living eggs k ept in 

Ringer 1 s solution, hOi·rever, the timings "rere noted in only five 

eggs and in these cases the process took more or less the same 

time. The embryo is of the immersed type, i.e., the yolk penetrates 

betvreen the arùnion and serosa (see below). Thejembryo, "rhich is 

first visible after about 36 hours of incubation cornes to occupy 

the -v:hole of the posterior end of the egg by the end of the second 

day (Fig . 8 , Ib). During the next tuelve hours, due toits further 

gr01-rth, the embryo comes to lie on the dorsal surface of the yolk 
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extending to about one-third of the length of the egg from the 

posterior pole l·rhich is then occupied by the caudal end of the 

embryo (Fig. 8, II). At this stage anatrepsis begins. The embryo 

first r.1oves i ts caudal end aro1J.nèl. the posterior pole of the egg. 

After about one and a half hours, the yolk at the posterior pole 

becomes slightly transparent and a small space containing fluid 

is/formed betvreen the pole and the embryo. As the ewbryo moves it.s 

caudal end tm-rards the ventral surface of the yolk the quanti ty 

of fluid in this space increases. In approximately five hours, 

about one-quarter of the embryo cornes to lie on the ventral_ 

surface of the yolk, and the embryo as a whole is bent in the 

shape of a J. After about t,,ro more hours the caudal arm of the 

bent ~1bryo is about half the length of the cephalic arm. In the 

next four hours the embryo becomes U-shaped, the cephalic and 

caudal arms being equal (Fig. 8, III). In this position the 

protocephalic part lies on the dorsal surface of the yolk and the 

caudal_ part of the protocormic region on the ventral surface.. 

Thus in about eleven hours the caudal half of the embryo cornes 

t9 lie on the ventral surface of the yolk. During the next ten 

hours the remainder of the embryo also reaches the ventral surface. 

After about 21 hours anatrepsis is completed and the caudal end 

of the embryo points tovrards the anterior pole of the egg (Fig. 

8, DT). The embryo remains visible on the surface of the yolk 

until the completion of anatrepsis. 
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Three or four hours after the. completion of anatrepsis the 

embryo sinks into the yolk until only the most posterior part is 

still on the surface. During the next three hours this caudal part 

of the embryo also sinks into the yolk. The embryo becomes 

completely immersed and its movements can no longer be observed. 

However, by studying the fixed specimens (Fig. 8, v, va, Vb) it 

is clear that the embryo moves further forHarëiftnd in sorne cases 

the cRudal end reaches a point about one-fifth of the length of 

the egg from the anterior pole. Further irregular convolutions 

along the length of the embryo, a spiral twisting, and the 

oriente.tion of different ernbryos either tm·Jards the dorsallpr the 

lateral surface of the yolk suggest that the embryo continues to 

move after its immersion in the yolk. 

On the seventh day of incubation the embryo straightens out 

(except for the posterior abdominal segments) and its ventral 

surface comes to face the dorsal surface of the yolk (Fig. 8, Vc). 

When this occurs the embryo is usually preparing to undergo 

katatrepsis. Before katatre~sis begins the anterior part of the 

elJ.bryo comes to lie on the surface of the yolk and the head, 

labrum and antennae are distinctly visible. The yolk contracts to 

about one-eighth of the length of the egg from the posterior pole, 

leaving only a small gradually decreasing quantity of yolk on the 

top of the head behreen the cephalic ar:mion and serosa. A space, 

containing amniotic fluid, appears in front of the head, and, as 

the quantity of the fluid increases the amnion in front of the 
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head forms a bulge, ultimately meeting the serosa (Fig. 11). The 

t1.-m membranes then fuse together to form the anmio-serosa. The 

embryo rer.J.ains in this condition for about_ ten hours, after Hhich 

the amnio-serosa ruptures. 

About half an hour later the protocephalic lobes become 

curved and face the ventral surface of the egg, the labrum is 

directed tov-rards the pos terior pole, pro j ecting betvreen the tv.ro 

antennae (Fig. 8, VI). The antennae, vrhich uere formerly touching 

the body, becone arched into a semi-circle which conceals the 

labrum. The posterior part of the embryo still remains covered 

by yolk and is not visible. About one hour later the antennae 

subtend an angle of about L1-5 degrees 1vi th the head; the mandibles 

and the t1-ro pt:ürs of ma.··dllae begin to face the posterior pole. 

The labrum becooes perpendicular but continues to point towards 

the posterior pole. The yolk remains separated from the dorsum 

of the embryo due to the presence oftbe ental membrane (see belmv). 

In about three hours after the rupture of the amnio-serosa 

the head becomes further and further bent to:vrards th·e ventral 

surface. Bach antenna is nm·r at right-angle to the head and 

together 1·ii th the mouth-a.ppendages, points tmvards the posterior 

pole. The antennae novr lie on the ventral surface of the yolk and 

a little la. ter, together vli th the labrum, a but the ventraJ. surface 

of the egg. About half an hour later the three pairs of legs begin 

to point to-vrards the posterior pole and the embryo becomes 

U-shaped 1Ii th both arms equal and after about another hour has 
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Fi g . 11. Poster ior part of egg of G. assimilis after seven 

days of incubation. a, a.mnion; a.f, amniotic fluid; as, ar.J.nio­

serosa.; c, chorion; s, s erosa.; sn, serosal · cuticle •. 
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elapsed the enbryo becomes J -shaped '\•Ti th i ts third pair of legs 

and the pleuropodia still pointing tmv-ards t he anterior pole. As 

the head noves further tm·rards the anterior pole the cerci 

separate fron the body, but the posterior part of the body remains 

bent on itself, the terminal abdominal segments remaining adpressed. 

After about one hour more the head becomes stationary at a point 

tuo-thirds of the length of egg from the posterior pole. 
l;t.... 

Afterjhead becomes stationary the caudal portion of the 

embryo begins to extend tm-rards the posterior pole beyond the bent 

part of t he main body, and t he cerci begin to point tovrards the 

ventral surface of the egg. The bend in the abdomen decreases as 

the caudal part is extended tm·rards the posterior pole. As the 

caudal part is thus extended posteriorly its tip becomes slightly 

bent tm·rards the ventral side of the egg , but the cerci continue 

to point tm•Tards the ventral surface. Em-r the caudal part instead 

of extending tm·rards the posterior pole, be gins to bend, causing 

the cerci to point tm·rards the anterior pole, approaching nearer 

and nearer the metathoracic legs . In this condition the embryo 

rests for about an hour, after '\·rhich the bent caudal end extends 

slightly fur th er tm·rards the pos ter i or pole of the egg , leaving 

only a small space betueen the t'\·ro. Only one bend remains in the 

abdomen,. bet1·reen the sixth and seventh abdominal segments. The 

yolk extends only upto this bend, vrhich sugeests that the dorse.l 

closure has started a t the posterior end of the e2bryo by the 

f usion of its two lateral walls in the mid- dors al line. 
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The movements so far described during katatrepsis have been 

designe..ted by tJheeler (1893) as the revolution of the enbryo. 

Slifer (1932) h.:::.s observed vigorous movements of the embryo in 

l:elanoplus à.ifferentialis during revolution. The embryo of 

G. as similis, hm·rever, do es not shovr any novenent ei ther of the 

body or of the appendages at this time and these observations 

confirm those of Brookes (1952) on the embryo of 11Acheta11 

commodus. Actual movements in the body vrall are seen for the 

first time after the completion of revolution, i.e., on the eighth 

day, and before hatching heart beats are distinctly visible. As 

the enbryo elonga tes due to grm-.rth i t continues to move i ts head 

further forwe.rd un til this reaches the anterior pole of the egg 

on thet\·Jelfth day of incubation. 

5. Development o~ ~ embryonic membranes 

Serosa:- By the end of the f irst day of incubation of the 

eggs the embryonic membranes, the annion and serosa, are formed. 

Bet\·reen the amnion and serosa there is sorne yolk at the sides, 

but in the middl~the two envelopes are nearly in contact with one 

another. The serosa lines the chorion and encloses the yolk. It 

is distinctly visible in stained preparations of the entire egg, 

consisting of large cells vrith elongated nuclei. As the growing 

embryo assimilates the yolk the serosa gradually contracts from 

the posterior end of the egg. By the time the embryo is ready to 

revolve the serosa becomes contracted to about one-eighth of the 

length of the e~g. Shortly before the revolution of the embryo 
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the serosa and amnion become fused in the head region to form the 

a::mio-serosa (Fig. ll). At the time of revolution a rent appears 

in the amnio-serosc_ in front of the head region. The margins of 

the rent, hO'I.·!ever, remain fused so that the edges of the amnion 

and serosa adhere to each other both before and behind the 

cephalic region of the embryo. After the rent appears the serosa 

opens at the posterior end of the egg. During the course of 

revolution the serosa continues to contract and l·rhen revolution 

is completed it lies at the top of the head of the embryo (Fig. 

12). It then becones thickened, forms a constriction in the yolk 

at the back of the hea_d region, and rern.ains adhering to the ei!l.bryo 

through the cephalic annion, ventrally, anCJ_ the everted a.r,mion, 

dors ally. As the embryo grm,rs the serosa contracts further, 

ul tim.a tel y for1:1ing a small cap over the unenclosed yolk a.t the 

head end of the embryo. At this stage the cells of the serosa 

become tightly packed together. 1'Jl tima.tely the serosa is vrithdravm 

into the head. 

Amnion:- The amnion originates at the posterior pole of the 

egg and covers the embryo ventrally. As the erJ.bryo grous the 

ao.nion also extends Hi th i t, ah-rays covering the e~bryo ventrally 

and recraining continuous vrith its margins. lfnen the caudal flexure 

of the embryo clevelops, the anmion spans the e_bdominal arch. Hence, 

lrhen the caudal portion is already flexed ùnder the abdolllen, the 

posterior é.Unniotic cavi ty Hi thin the flexure is bounded dors ally 

and ventrally by the enbryo itself e_nd only laterally by the 
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Fi g . 12. Anterior part. of egg of G. assimilis after ten 

clays of incubation. c, chorion; ca, cephalic amnion; ea, everted 

amnion; s, serosa; sm, serosal ·cuticle • • 
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amnion, i.e., the amnion is not folded 'lt!ithin the flexure. Hith 

the revolution, the ar:mion turns inside-out and cornes to lie on 

the dorsal surface of the e1~1bryo, forming its dorsal Hall or 

'second provisional dorsal closure 1 (Room·ral, 1937). After 

blastokinesis the amnion encloses the yolk dorsally and is 
t 

gradually replaced by the body vrall as the la*r grO\..rs dorsally. 

Serosal cuticle:- After the formation of the serosa the 

development of the serosal cuticle begins. It is secreted by the 

serosa, lies beneath the chorion and encloses the entire contents 

of the egg. The secretion of the cuticle begins &uring the second 

day of incubation. Before it is formed it is practically 

impossible to dechorionate a fixed egg 1,-Ji thout disrupting the 
the 

contents. By the end of jsecond day i t for11s a complete lining 

to the chorion, to vrhich i t rer.1ains adhering. It is very thin, 

and i t Elay be regarded the incipient serosal cuticle. It appears 

homoeeneous at this stage, as it has not developed the typical 

pattern. Though still fragile, it is already tough enough to be 

separated from the chorion by keeping the egg in a dilute solution 

of sodiun hy:pochlori te for t·IJO minutes. This dissolves the chorion 

but not the cuticle. On the third day of incubation the cuticle 

thickens and develops its typical pattern. The pattGrn is distinctly 

visible, even uithout removing the chorion, and consists of 

regularly arranged spots, each of uhich shm·rs minute ridges and 

tubercles (Fig. 13). On the f ourth day the cuticle becor1es 

sufficiently thick to permit separation from the chorion by the 



( 75 ) 

~ ·(c;, 

• • ~ ~~~; 

• • ~ 

• • • 
fit • O. Imm. 

Fig. 13. A portion of serosal cuticle of egg of G. assimilis 

after four days of incubation. 
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help of fine needles. It continues to thicken for sorne tine and 

be cornes stiff; as i t stiffens the chorion bec ornes -vreak and bri ttle. 

Ental membrane (Hiller, 1940):- On the fifth day of incubation 

a very thin membranous flap arises from each side of the trough­

like dorsma of the embryo. The flaps can be seen distinctly in 

dissected enbryos vie-vred laterally, but do not appear continuous 

throughout the lateral margins. The two flaps fuse in the mid-dorsal 

line on the sixth day. The membrane so formed is visible only in 

places and thus does not appear to be continuous. It covers the 

dorsum of the e mbryo separa ting t he latter from l;M contact vri th 

the yolk. The membrane forn s the 'first provisional dorsal 

closure' (Roonvral, 1937). 

6. Discussion 

In the order Orthoptera the development of the embryo has 

been studied mostly in Acrididae, and in the Gryllidae only in a 

dia})ause s pecies, 11Acheta'' cormnodus, has any recent 't'JOrk been 

published. Apart from different r ates of development, t he appearance 

of different structures at different times, and differences in 

certain structural details bet\Ieen locusts and grasshoppers on 

t he one hand and crickets on the other, development is r,10re or 

less similar in the t\-ro groups . The development of the serosal 

cuticle 1-ras first observed by Slifer (1937) in l'ielanoplus 

differentialis and l ater by Hatthée (1951) in Locustan§pardalin~, 

but i ts time of origin is different in the t\w genera. necently 

Brookes (1952 ) has also observed t he presence of the serosal 

cuticle in ''A': comrnodus, but she has not given the exact time of 
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its origin. In G. assinilis it originates on the second day of 

incubation. Recently Slifer (1956) hél.S used the nrune 1first 

ernbryonic cuticle' for the serosal cuticle, but I prefer the use 

of the latter term for the following reasons:- firstly, the cuticle 
hy 

is actually secreted by the serosa to caver the yolk and not~the 

embryo proper; and secondly, its structure is not exactly similar 

to that of the cuticle subsequently secreted by the embryo itself 

and vrhich covers i ts body. 

Ble.stokinesis has been studied in the living eggs of 

~lanoplus differentialis by Slifer (1932) and revolution has been 

briefly described in 11Acheta 11 commodus by Brookes (1952). In 

G. assimilis the movenent of the posterior part of the abdomen 
(;;t.A... 

is,.<most interesting\feature of katatrepsis, since it enables the 

embryo to occupy the entire length of the egg and thus to grow 

i ts maximum size. It is possible that this important movement lras 

overlooked by Brookes (l.c.). She also states that in 11A. 11 commodus 

the embryo first appears on the dorsal surface of the yolk. In 

G. assimilis, ho·Hever, the enbryo is visible for the f irst time 

at the posterior pole of the egg and only later on does come to 

lie on the dorsal surface of the yolk, as in 11A. 11 commodus. 

The pleuropodia appear to be of great interest. Slifer (1938) 

has made cytological studies of these structures in Eelanoplus 

and is of opinion that they produce a hatching enzyme. The 

pleuropodia of G. assimilis progressively increase in size until 

the end of the t"t..relfth day vrhen the forma ti on of the embryonic 
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cuticle is completed; tl1en they begin to atrophy and become very 

much reduced before hatching. Brookes (1952) has not noted the 

progressive reduction of thE1{Pleuropodia in ttAc-heta" comuodus 

after the formation of the embryonic cuticle. In G. assimilis 

the pleuropodia remain uncovered by the embryonic cuticle. This 

also has not been noted by Brookes in 11A., 11 commodus. After the 

formation of the embryonic cuticle the grm·rth of the embryo 

virtually stops and at the same time the pleuropodia also begin 

to atrophy. This observation suggests that the pleuropodia have 

s omething to do wi th the grm·rth of the ernbryo. 
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V. l.<10RPI-IOLOGICAL D:CVEtOPlŒNT OF THE EHBl1YO I N DIAPAUSE AND 

POST-DL'\.PAUSE EGGS OF GRYLLUS PENNSYLVANICUS AND A 

CONPARISON l:.JITH NON-DIAPAUSE SPECTCS OF THE G3NUS 

GRYLLUS 
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V. 1-'IORPHOLOGICAL D:GV:iliOPHENT OF THE EHBRYO IN DIAPAUSE AND 

POST-DIAPAUS:t~ EGGS OF GHYLLUS PEI'JlŒYLVAHICUS AND A COHPARISON 

WITH NOH-DIAPAUSB SPBCIES OF THE GEI.ITJS GRYLLUS. 

1. Introduction 

Gryllus pennsyl vanicus is a species in ·1,rhich the development 

of the embryo is interrupted by a diapause lJhereas G. veletis is 

not, and the main abjects of the present part of this thesis \·Jere 

to compare the rate of development of the embryos in diapause eggs 

of the former species \·Ti th tha t of eggs of non-diapause species, 

(.Specially G. veletis. At. "\.·Jhat.- stage of morphological development 

do the embryos enter diapause, vlhat period is required to complete 

that stage, and -vrhat is the extent of development of the embryos 

during the (completion of diapause) cold treatment~ The 

morphological development of the embryos of tvro related species-, 

G. assinilis (Fabricius) and .G. rubens Scudder were also . J 

compared with those of G. veletis and G. pennsylvanicus in order 

to discover any morphological characters of the eggs and embryos 

uhich might help to distinguish the different species at different 

stages of their development. 

2_. Na terials and methods 

The eggs of l aboratory stocks of G. rubens and G. veletis 

reared continuously at roor:1 temperature (23-26°c.) \vere obtained, 

fixed and studied in t he manner described previously (page 55) 

for G. as s imilis and , in addi tion, eggs of G. pennsylvanicus, also 
0 

kept at 23-26 c. and not subjected to cold treat ment (see Section 

VI), "\.·rere fixed daily until the fortieth day of incubation. 



( 81 ) 

In order to study the morphological development in 

post-diapause enbryos, eggs of G. pennsylvanicus were incubated 

first at 23-26°c. for five days (\·Then they entered diapause), 

then exposed to 6-7°G. for a minimum period of three months, 

during 't·Thich they completed diapause, finally again incubated 
0 

at 23-26 c. (see Section VI). After the cold treatment, during 

the final incubation, these eggs \·rere fixed every day until 

hatching began; in this -vray fourteen samples of post-diapause 

eggs vrere fixed. 

All the studies, except for those of the early embryos of 

G. pennsylvanicus, are based on fixed naterial. The stages of 

development of the embryos referred to (Stages I, II, etc.) are 

those described previously for the eggs of G. assimilis (Section 

rv). Eeasurements \.._rere made directly by me ans of an oculometer. 

3. Developcent of the embryo in diaEause eggs 

of G. Eennsylvanicus 

At 23-26°c. the enbryos of G. pennsylvanicus completed 

stages I to III of development (pre-diapause stages) in about 84 

hours and during this period their behaviour i:Jas exactly similar 

to th2.t of the embryos of G. as s imilis. After a feH hours they 

s ank into the yolk and uere no longer visible. After four days 

of incubation the er,1bryos \·rere ei ther in a state of development 

betvreen stages III and IV or in stage lV. After five days of 

incubation, s orne had reached a stage intermediate betvreen IV and 

V, Hhile others still remained in stage IV or bet·ueen stae;e III 
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and IV. Since the stages of development in G. pennsylvani cus after 

three days are not exactly sinilar to those of G. assimilis the 

t:vro intermediate stages may, for convenience, be separately 

designated IIIa and rva. 

Stage IIIa (Fig. 14):- The protocephalic lobes are thick; 

prinary segnentation, demarcating the antennal, mandibular, tvro 

iilaxillary and three thoracic segments, is distinct. 

Stage rv (Fig . 14):- 'l'he embryo has becorc1e sor11evrhat elongated, 

and the abdor.ünal segmentation now develops, but the rudiments 

of the l abrum are still not visible; the gnathal and thoracic 

segnents e.re nm:r a little thickened a t the ir ends. 

Stage rva (Fig. 14):- The labrum is nm·r vi si ble as a globular 

swelling at the extreme end of the protocephalic lobes; the 

rudiments of the antennae are distinct; the gnathal, thore.cic and 

first three abdominal segments are further thickened at their ends 

to form traces of the rudiments of their respective appendages~ 

The posterior abdominal se~1ents have become f lexed and slightly 

thickened a t their ends. 

Ten ei~1bryonated eggs for each incubation perioà. from four to 

forty days v!ere studied and the nurJber of the embryos at each 

stage of developn ent f or the di fferent periods is given in Tabl e 

r. The different stages of G. pennsylvanicus subsequent to stage 

rv also differ slightly from those of G. assinilis but are 

sufficiently si:lilar to be assigned to compar abl e s t ages as 

indicated in t he Tables I and II. 
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J 
lb IV 

Fi g . 14. Stages of deve1opment. of t he embryo of 
0 

G. pennsy1vanicus at 23-26 c. IIIa, 92 hours; N, 96 hours; 

rva, 100 hours. 
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From Table I it may be seen that from the fourth day of 

incubation om·Jards development of the embryos ceases for a time 

in any one of the three stages IIIa, IV, or IVa, but chiefly in 

the last. The number of embryos vrhose development remained 

arrested at stage IIIa was only about 3.2 per cent. About 15 per 

cent of the eggs were found t~ contain embryos in the stage IV, 

while 75 per cent contained embryos in stage rva. It may therefore 

be concluded that most of the eggs stop developing '\'IThen the embryos 

are in this last stage vrhich may be regarded the stage at -vrhich 

the embryos enter diapause. THenty-three or nore days of incubation 

(and in one case as little as 17 days) brought about further 

developraent of a sraall proportion of the embryos, but this viaS 

very irregular and after 40 days of incubation not a single egg 

was found to be in fully developed condition. The most advanced 

stage ree..ched by any embryo "t•ras stage IX. In this experiment the 

eggs starteèl. hatching on the 37th day of incubation and continued 

to hatch till 69th d.s.y, '\'!hile i n other experiments the hatching 

s tarted as early as on the 28th day and continued e.s late as 140th 

day (see Section VI). 

4. Development of the e:mbryo in post-diapause egr, s 

of G. pennsylvanicus 
0 

:Sggs of G. pennsylvanicus v!hich uere cold treated at 6-7 C. 

f or a minimum period of three months and thus had completed 

di apause (see Section VI) had a distinct 'c ap' at t heir anterior 

end (see page 59), their chorion ·He.s generally cracked, and the 



( 85' ) 
Table I. Development of Gryllus pennsylvanicus embryos in 

eggs not sub j ected to col à treat1:1ent. 

Incubation period Number of embryos out of sample of 10 in 
in days each stage* 

4 

~ 
~ 
9 

10 
11 
12 
13 
14-
15 
16 

i~ 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Tot al 

Stage IIIa 
3 
l 
l 
l 

1 

2 

l 

2 

12 

stage Fr 
7 
3 
2 
2 
4 
4 
3 
3 
2 
2 
2 
2 
2 
2 
l 
2 
l 

1 

2 
1 
2 

2 
2 

1 
1 

1 
1 

5'6 

stage rra 

6 
7 

~ 
6 
6 
7 
8 
8 
6 
8 
8 
7 
9 
7 
9 

10 
9 

~ 
8 
7 
9 
6 
7 
8 
9 
9 
6 
7 
8 
9 
8 
8 
9 
8 

276 

1 2.ter stages 

1 Vc 

1 VI 
lV, l Vb 
1 Vb 
l Vc 
1 VIIIa 
1 V, l Vb 
1 VI IIa 
l VIa , 1 IX 
1 VII 
1 Vb 
2 Va, 2 Vb 
l Va, 1 VIa 
l VIa 
l VIa 
1 DC 
1 v 
1 VII 
l VII, 1 IX 

26 

~ For defi nition of s t ages, see text (paGes 59- 63, 82) 
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yolk vras in polyhedral masses and contracted so that it fell 

short of the posterior pole by about one-ti:relfth of the length 

of the egg. Im.rnediately after the cold treatment a.ll the eggs 

contained embryos in stage Dra, and it is interesting to note 

that, out of the 50 exrunined, not a single egg had the ffinbryo 

either in stage IIIa or in stage DT at this time. None of these 

eggs vrhich failed to hatch sho-vred either of these t'\'lO stages; 

unhatched eggs ·t-rere found to contain embryos '1.-rhich had completed 

katatrepsis, or no enbryo vms present. After about 24 hours of 

post-diapause incubation at 23-26°C. the yolk further contracted 

and reached or~y to about one-sixth to one-eighth of the length 

of the egg from the posterior pole. Subsequent development at 

this temperature was very regular and oost of the eggs hatched 

on the fourteenth day (see Section VI). The stage of development 

reached after each day of post-diapause incubation is indicated 

in Table II. Ten eggs uere exalîlined after each incubation period; 

the stage of development indicated in the Table for the appropriate 

period of incubation '!,vas that reached by the majority of the 

embryos concerned. 

5. Comparison of the embryonic development of G. assimilis 

G. rubens, G. veletis and G. pennsylvanicus 

The morphological development of the embryos of the four 

species of Gryllus studied v:as found to be so similar as to be 

virtually identical. Such differences as occurred were in size 

and in the time of appearance of the pigmentation of the compound 
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Table II. Development of Gryllus pennsylvanicus embryo 

in post-diapause eggs. 

Post-diapause Stage of Renarks 
incub2.tion e.obryo 
period in day:: 

0 IV a 

1 v 
2. Va 

3 Vb 

4 Vc 

5 VI IJnbryo strai ght 

6 VIa pigmentation in eyes develops 

7 VII 

8 VIII 

9 VIIIa :Smbryo re aches its full length and 
cerci becoiJe orange co1oured 

10 rr .il. 

11 IX a 

13 ~ ~ 

""( .. 



( 88 ) 

eyes. There were, however, differences in the relationship between 

time and the stage of developnent reached. G. assimilis and 

G. rubens \·rere alnost exactly alike, G. veletis deviated slightly 

(see belo\'!), uhile G. pennsylvBnicus ,;-ras very different from the 

other three species due to the occurrence of the diapause. 

Development continuecl more or less similarly in all four 

species until the embryo reached stage III, at \·rhich point the 

er:1bryos of G. pennsylvanicus sank into the yolk and disappeared. 

The enbryos of the other three species, hovrever, completed stage 

IV before sinking entirely into the yolk and continuecl their 

development further vlithout interruption - unlike those of 

G. pennsylvanicus \Thich enter diapause shortly after\-rards. 
0 At 23-26 c. t he eggs of G. veletis hatch on t he eighteenth, 

vrhereas those of G. assirùilis and G. rubens hatch on the seventeentl: 

day. The pignentation in the compound eyes of the e:Llbryos of 

G. rubens and G. veletis appears on the ninth and eleventh day 

respecti vely vrhen t hey are in stage VIII , \·rhile in G. a.ssimilis 

the pigmentation in the eyes àppee_rs on the tenth day uhen the 

enbryo is still in stage VII. The embryos of G. rubens, G. ass i milis 

and G. veletis reach t heir full length on the tenth, eleventh and 

t\-Jelfth day of i ncubation respectively. Another slight difference 

betHeen the three species is also follilà; nmnely, the black line 

at each l ater al mar gin of the labrura in the embryonic cuticle, 

appears in G. veletis on the f ourteent h day (s t age IXa); in 

G. as s ir.1il is on t he t hirteenth (stage ne); and in G. rubens on 
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the tvrelfth day of incubation (:stage ..:.."' :.. ). 

The eggs of G. pennsylvanicus develop very slm.Jly and 

irregularly unless they are first exposed to a periofi of cold 

(see Section VI). As the pre-diapause development of the eggs 

require about four days at 23-26°G. a.nd the post-diapause develop-

ment about fourteen days of incubation at the sarne tempera. ture, 

the actual developmental period is very sli1ilar to that of 

G. veletis. The pigr:J.entation in the compound eyes in the embryo 

of G. peru1sylvanicus appears on the tenth day of total (pre­

diapause and post-diapause) development and the embryo reaches 

its full length on the thirteenth day (thus differing very 

slightly from G. veletis). The enbryonic cuticle at the lateral 

margins of the labru':l develops black lines on the fourteenth day 
total 

ofjdevelopment, as in G. veletis. 

6. Distinguishing characters in the eggs and embryos 

of the four species 

There appears little difference in the shape or in the 

sculpture of the chorion of the eggs of the different species of 

Gryllus studied. Hovrever, sorne difference in their size is 

noticeable although t here is much overlapping (Table III) so that 

this character is not of much value in distinguishing the eggs of 

one species from those of another. The eggs of all the four species 

absorb 1vater and thus become a little stouter and r.1ore elongated 

before the enbryo sinks into the yolk. 
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Table III. Egg size of four species of Gryllus (in mrJ .) 

G. as similis G. rubens 

One day old Eggs after One day old Sggs after 
eggs absorption eggs absorption 

of vmter of "~.-Tater 

Lengtn Bread th Length Bread th Length Bread tb Length Bread th 

2.18 0.56 2.59 0.68 2.12 0.57 2.53 0.68 
2.18 0.53 2.37 0.71 2.12 0.57 2.62 0 .71 
2.31 0.59 2. 50 0.68 2.12 0.56 2.50 0.71 
2.12 0.59 2.56 0.68 2.18 0.58 2.69 0 .74 
2.18 0.59 2.56 0.65 1.93 0.58 2.59 0.74 
2.28 0.56 2.53 0.68 2.18 0.56 2.62 0.68 
2.34 0.53 2.43 0.71 2.12 0 .57 2.53 0 .68 
2.18 0.53 2. 62 0.65 1.18 0.56 2.53 0 .71 
2 . 21 0.56 2. 62 0.65 2.03 0.57 2 .50 0.68 
2 .34 0.56 2.56 0.68 2.18 0 . 58 2 . 53 0.74 

2.23 0.56 2.53 0.67 2.02 0. 57 2.55 0 . 71 A verag~ 

G. Eennsllvanicus G. veletis 

2.25 0.62 2.87 0.81 2.21 0.53 2.75 0.73 
2.37 0.65 2.93 0.81 2.33 0.56 2.90 0.76 
2.18 0.59 2.81 0. 84 2. 30 0.53 2 .75 0 .76 
2 . 31 0 . 59 2 . 81 0.84 2.36 0 . 50 2.90 0.76 
2 .43 0 . 59 2.84 0.84 2.36 0 . 56 2. 87 0 .73 2 .40 0. 65 2 . 87 0. 83 2.06 0. 56 2 . 87 0. 73 
2 . 28 0 . 65 2 . 84 0. 84 2. 24 0.53 2.90 0 . 73 
2 .18 0.62 2.93 0. 83 2.30 0.50 2.75 0 .70 
2 .43 0 . 65 2.84 0. 84 2. 21 0.53 2.84 0 .70 
2 .31 0 . 62 2 . 93 0. 83 2.33 0.53 2 . 81 0 . 70 

2 . 31 0 . 62 2. 86 0. 83 2 . 27 0 . 53 2 . 83 0 • 73 A ver ag ~ 
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In the early stages of embryonic development it is scarcely 

possible to differentie.te betvreen the embryos of the four species. 

Imrnediately bef ore the formation of the embryonic cuticle, hovrever, 

the embryos of G. pennsylvanicus can be distinguished from those 

of the other three species by t h e f act that, on the twelfth day 

of total development, the scape becomes bro~:mish and a dark bro-vm 

band appears at the base of the postpedicel of each antenna and 

that the cerci become orange coloured . 

7• Discussion 

The eggs of the four species of Gryllus studied absorb water 

and become enlarged after the completion of anatrepsis. The 

absorption of 1.-ra ter by the eggs probably nak es t he yolk a little 

thinner and thus facilitates the sinking of the embryo into it. 

In three of the species this occurs after the completion of 

primary segmentation, ~' after about four days of incubation 

at 23- 26°c. In G. pennsylv8nicus, houever, the embryo sinks a 

little earlier , a t a stage 1·rhen t he abdominal segments are not 

demarc ated. In the eggs of G. assimilis, G. rubens ru1d G. veletis 

the development of the embryo continues without interruption and 

hatching t akes place in about seventeen to eighteen days. I n 

G. pennsylvanicus, hovrever, development is arrested early 'tvhen 

the enbr yo is in any one of t he three f ollmüng stages: Stage IIIa , 

vrhen the primary segment a tion is present only i n the gnat hal and 

thoracic regions (at about 92 hours); Stage DT, 11hen the prü .1ar y 

s egment ation i s compl ete and the traces of the gnat hal and 

thoracic appendages appear (a t about 96 h ours); and Stage IVa , 
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1.·rhen the posterior abdominal segments become flexed (at about 

100 hours). 

In other 1.-JOrds, in the eggs of G. pennsylvanicus there is 

apparently no absolute rigidity regarding the exact stage of 

embryonic è.evelopment at uhich grouth stops. This occurs at stage 

IIIa or~y in 2bout 3.2 per cent of eggs and this may mean that 

only a very small nurnber of embryos stop development at this stage • 

.A.lternately it may imply that, after remaining for a time in this 

stage, development proceeds further before being again arrested 

in ste..ge r! or Dla. The second explanation appears to be more 

plausible since the number of the embryos in stage IIIa was 

greatest at the beginning of the incube.tion period. As this period 

increased the nurnber of stage IIIa embryos declined u.."ltil the 

23rd day of incubation, after "tvhich no egg remained in this stage 

of developEient. It is probable that all such embryos proceed to 

the next stages after 23 days at most. Stage rv continues to occur 

a.rnong eggs incubated up to 38 days, but,after the first four days 

and up to 40 days of incubation the maximum nur.J.ber of embryos vras 

found to be in stage DTa of development. It may therefore be 

presumed that most of the eggs of G. pennsylva.nicus stop develop­

ment "t·rhen the embryos are in stage rva, 1.·rhich may thus be regarded 

as the diapc;;:use stage. Further development of the eo.bryo beyond 

the diapause stage, E.ay sonetimes occur after an incubation period 

of at least seventeen days, but this seems to be unusually rapid. 

The stage 1.·rhich is thus completed corresponds that attained on 

the seventh day of incubation in the non-diapause eggs of other 

species. 
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In G. permsyl vanicus, therefore, the re is a period of at 
~ ov ~ 

least /_about ten days J during 1-rhich time no developnent occurs and 

it oay be concluded that all eggs enter a diapause of several 

days of du.ration at least. As the incubation period increases 

beyond about three 'Heeks, e:mbryos of nore advanced stages occur, 

but these are not all in the srune stage of development in relation 

to their period of incubation. Although, at 23-26°C.,development 

may be resmned by the embryos of G. pennsylvanicus this is very 

irregular, further indicating the occurrence of diapause in all 

eggs. 

The eggs of G. pennsylvanicus immediately after cold 

treatment were found to contain embryos in stage IVa. This may 

perhaps mean that when eggs in stages IIIa or IV of development 

were subjected to cold treatment, the embryos immediately resumed 

their development to reach stage Dia, the diapause stage before 

actually entering diapause. Thus it nay be presuraed that during 

the period of cold treatment there is, at most, only very slight 

development to bring the embryos into a diapause condition. 
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VI. DILPAUSE UT Tt':J3 ::ZGGS OF Gl1YLLUS PEITNSYLVANICUS. 
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VT. DIAP.AUSZ IN TI-LC EGGS OF GRYLLUS PEHHSYLVAHICUS. 

1. Introduction 

Experiments Hi th the eggs of tvm non-diapau.se species of 

Gry11us, viz., G. ve1etis and G. assimi1is, have sho-vm that,/ tJfi~be 
0 0 

incubated at 28 c. or at 23-26 C., begin hatching on the t'I:Je1fth 

day or on the seventeenth to eighteenth day of incubation 

respectively, and that further hatching continues only for a day 

or tvm in either case. The hatching period (i.e., the difference 

in time between the hatching of the first and last eggs in a batch) 

thus varies only 1vi thin two to three days. The eggs laid by the 

females of G. pennsylvanicus, hmvever, behave very different1y 

in this respect, ovling to an apparently obligatory diapause in 

the embryo. 

Diapause is. a physiological adaptation vrhich assists in the 

preservation of a species during unfavourable climatic conditions. 

The literature on the various aspects of diapause in insects is 

volurninous and has recently been revie1·red by Andrewartha (1952) 

and Lees (1955, 1956). In the Gry1linae diapause may occur in the 

egg stage, in the late nymphal instars, or not at all, according 

to the species. There appear to be only three species of field 

cricket '\vhich are knmm to enter diapause in the egg stage. These 
1 are 11 Acheta 11 commodus , which is Australian, and G. firmus Scudder 

and G. pennsylvanicus from North America; the North .~erican 

species presunably enter diapause to resist the rigours of cold. 

1. See footnote, page 55. 
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In G. pennsylvanicus this is almost certainly the case, for the 

species is found -vrhere vinters are very severe and is one of the 

common species in Canada. It has been extensively studied in the 

Province o~uebec iJhere cold vreather may extend over six months 
0 

of the year and ·where temperatures belmv -15 c. may persist 

continuously for several ·vreeks. 

G. pennsylvanicus has but one generation a year and the eggs 

are laid in soil, probably from late July to early October, but 

mainly during August aJ.l.d September. Hatching occurs during the 

follouing Hay and the nymphs become a dult from about the second 

or third ·ueek of July on-vmrd. :Cgg-laying be gins 1'1ithin a v·reek 

or so and after thefoviposition period the feiilales die. In the 

laboratory, field-collected females behave more or less sirnilarly 

and by the second 1-.reek of October most of these females are dead. 

A fevJ which may continue to live a little longer have their 

abdomens greatly S"t·rollen due to the presence of large number of 

eggs in their ovaries, but further oviposition does not occur 

and 1.ù timB.tely they die also. 

This part of thesis is concerned -vlith labora tory experiments 

to confirm the occurrence of obligatory diapause in the eggs of 

G. pennsylvanicus and to discover the role of exposure to lmv 

temperatures in terminating this diapause. 

2. Haterials and nethods 

Adul t G. pennsyl vanicus l·rere collected loc ally in the vicini ty 

of Ste Anne de Bellevue, Que bec, from the last vreek of July to 
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the first l'.'"eek of September and kept in glass cages at room 

temperature. Eggs ,laid in moist sand, v!ere normally collected at. 
1\ 

the intervals of~hre.e to four da.ys. ite.rge number of eggs laid by 

the females reared in the laboratory, but originating from Vermont, 

Prince Ed1-mrd Island and l'JevJ Bruns·uick stock -v:ere also collected 

in a sinile.r manner. In this vray about 17,000 eggs 1-re re obt&ined 

bet1·reen 31st July and 5th October. All eggs collected betHeen 

31st July and 29th September 1·rere incubated a t 28°c. until 3rd 

October, and then either transfered to 23-26°c. or exposed to 

different temperatures. 

1-~ost of the eggs \:Tere left undisturbed in the moist sand in 

viliich they were laid, but five batches of eggs (all laid by Quebec 

females) ·.after .inqubating for 4, 9, 18,22 and 25 days at 28°c. 

were removed from the s and. Lots of 25 e ggs from e ach batch 1·1ere 

counted out, and ea ch lot kept in a 500 :r.ll. jar on a moist fil ter 

paper ( 9 en . diameter) lying on 30 c.e. of sand mois:tened vrith 

10 ml. of water. About 2,000 eggs in all were so treated . Two 

replica tes of five lots of 25 eggs, one f rom each batch , together 

1fith most of the nndisturbed eggs, uere transfer ed from 28°c. to 
0 

23-26 c. (room tempera ture) on 3r d October. The remaining lots 

of 25 uere placed i n a cold r oom at 6-7°C. for va r ying periods. 

I n sorne cases the e ggs were subjected to alternating periods of 

cold and warm tempera tures. For e ach of t h ese different t emperature 

treatments f ive lots of 25 eggs 1:rere used. After the tre a tment 

t he e ggs were aga in incubat ed at 23- 26°C . until they ha tched . 
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Jars, containing eggs incubated at 23-26°C ., ·Here opened on 

alternate days and the hatched nymphs were removed and counted. 
fvv..~ 

Each ·ueek a fevr cirops of vrater vras added to the sand to avoid i ts 

drying out. l•f11enever mould appeared in the jars, the eggs '\'rere 

transfered to ne'l.·r jars. \\lhen mould 'l.·;as noticed in the jars. kept 

at 6-7°G., the ne'l.·r jars \fere kept at the sa.me temperature for 24 

hours before transfering the eggs to them. 

In this '-ray i t ..... ras hoped to determine the effect on egg 

development of constant high temperature, exposure to low 

temperature for different periods, and alternation of high and 

lou temperatures, 1-ri th a vievl to confirrning that diapause is 

obligatory in this species and discovering the optimum conditions 

necessary for terminating this diapause. 

3· I\esults 
0 

Constant incubation at 23-28 c.: In the present series of 

experi.TTlents, vrhen the incubation teEJ.perature 1·ras 23-28°C. i t \..ras 

observed that the egg batches laid earliest by field-collected 

females (from 31st July to ltth August) required the longest period 

of incubation before the first hatching began ('pre-hatching 

period'), nrunely about 80 days (the first hatching took place on 

the 19th October). Those collected later, from ltth August onvmrd, 

had a more or less progressively shortened pre-hatching period, 

sœJ.e of the eggs from the batches laid from 9th to 11 th September 

requiring the minimum pre-hatching period, nrunely 28 days. After 

11 th Septenber, hoHever, the pre-he.tching period of the egg batches 

progressively increased again, 38 days being required in case of 
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the first to hatch of those laid from 30th September to 5th 

October (Fig. 15). It is notable that the eggs laid on different 

dates during August started hatching almost süml taneously, viz., 

betvreen the 17th and 19th October and that those vrhich ·t-rere laid 

during the first fortnight of September began hatching earlier 

but also vli thin a fevv days of each other, namely betvreen 6th and 

lOth October. Comparable behaviour 1..ras also sho"t>m by eggs from 

batches laid during the latter half of September but these did 

not begin to hatch until 22nd to 26th October; that is, eggs of 

these batches were the last to start hatching. 

It was also observed that eggs laid by field-collected 

feBales a.n.d incubated at the same temperature (23-28°c.) did not 

all hatch after similar incubation periods ei ther vvi thin or 

bet1:reen batches. In sorne egg batches hatching continued over a 

period of as much as 112 days (eggs laid from 9th to llth 

September). The "intensi ty' of diapause, as defined by Andre·Hartha 
1 

(1952) and Lees (1955) , thus varied greatly in different eggs, 

sorne hat ching 28 days after oviposi ti on, vrhile others emerged 

after lLrO days of incubation al though they 'l.·rere laid at the sa.me 

time (September 9th to llth, see Fig. 15). 

On the basis of the hatchings of 6,543 nymphs from the eggs 
Que bec 

of~fem®,les laid cluring the period 31st July to 5th October, it 
0 

-vras found that, at a temperature bet"~:reen 23-28 C., almost all 

1 The duration of the incubation period, at temperatures 

sui table for development but vri thout diapause-breaking stiLluli, 
provides a neasure of the 1 intensity'of diapause in the eggs. 
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Fig. 15. Histograms shmving t he i ncubation period at 23-28°C. 
of 6,543 eggs laid on different dates by field collecteà females. 
The 11 pre-hatchi ng n period is interval of tine betvreen oviposition 
and t he ha.tching of the first. nymph; the 11hatching 11 period is the 
interv~ü bet1.<.reen the hatching of t he first and la.st nymphs of a 
batch of eggs. Dates of laying, no. of eggs laid in parenthesis: 
I, 31 July-4 Aueust (136); II, 14-18 August (211); III, 21-25 
Augus t (221); IV, 26-28 August (?71); V 29 ·August- 1 September~ 
(419); VI, 2-3 September (431); VII, 4-S September (991); VIII, 
9-11 September (8b7); LX, 12-15 September (878); X, 16-24 
September (893 ); XI, 25-29 September (613); XII, 30 September-
5 October (l!-72). 
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emercence occurred bet1.·reen 50 and llO de.ys after the eggs ~:·rere 

laid. The maximum Bnount of hatching (energence of about 24 per 

cent of the nyr~1phs obtained) took place 1:rithin a 10-day incubation 

period of 81-90 days (Fig. 16). Only about 0.2 per cent of the 

nymphs emerged after less than 30 or more than 130 days of 

incubation. The number of nymphs obtained represented about half 

of the eggs incubated. Zggs laid by ferJ.ales from Vermont, Prince 

2duard Island and Fe\·T BrunSitiick stocks produced, 232., 186 and 

297 nymphs respectively and the re sul ts agreed very clos ely vri th 

tb.ose shovm by the progeny of Que bec females. Aoout the same 

proportion of the eggs hatched as in the case of Quebec stock. 

Tuo replicates of 25 eggs each from five batches transfered 

to fil ter pe.per (see ab ove) i,Iere incuba tee\. in 2. sir:ülar manner 

to th~disturbed eggs just referred to and it ue.s again founà 

that the peak period of hatching Has similar; about 22 per cent 

of the nymphs emerged after 81-90 days of incubation (Fig. 16). 

Only 125 (50 per cent) of the eggs hatched. 
0 0 

Exposure to 6-7 c. after incubation at 28 c.: In arder to 

dëtermine the effect of exposure to lo-vr teraperature on embryonic 

diapause, seven lots of 25 eggs from each of the five batches, 

initially incubated at 28°ç. for 4, 9, 18, 22 and 25 days 

respectively and subsequently transfered to moist filter paper, 

vere exposed to 6-7°C. for varying periods and then finally 

incubated at 23-26°G. In estimating the extent to >:rhich dia.pause 

had been brok en, the follm.,ring uas assumed: the.t 1.-1hen the 

percentage of the nymph emergence "ï;ti thin 16 days of the the final 
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Fi g . 16. Hist.ograJns shmdng the percentage of total nymph ­

emergence after di ffer ent periods of incubati on a t 23-28°c. Data 

f rom 6, 5lt 3 nymphs hat ching from undisturbed eggs and 125 nyraphs 

hatching frm1 eggs tra,nsfereëi. to fil t er paper in batches orf! 25 
(see text). Fi f ty percent of t he eggs hatched . 



( 103 ) 

incubation (the ruaj ori ty of diapause-term.ina ted eggs hat ch 'Hi thin 

14-16 de.ys 
0 

at 23-26 C., see Tables rv -VIII) 't'ras belov 30, little 

or no effect 't'Tas demons trated; that vrhen i t vras beh:een 30 and 

50, only slight breaking of diapause 't·ras indicated; that when the 

percentage was between 50 and 79, termination of diapause was 

only partial; put that when the percentage was 80 or more, the 

breaking of diapause was virtually complete. 

Exposure to nine days of cold had no influence on the diapause 

as only two per cent of the eggs hatched within sixteen days of 

the final incubation which was continued for 81-109 days (Table 

N). Similarly exposure to cold had little influence even vrhen 

it 'tve.s extended for 16, 23, and 30 days. Nevertheless it uas 

observed tha t in t h ese c s.ses the final incubation periods uere 

progress i v ely shortened to 7tr--95, 67-84 and 44-81t- days r especti v ely: 

and tha t sorne of the eggs 1:rhich had an initial incubation at 28°C. 

for 25 de.ys shm·red slight breel~ing of c5.iapause. Exposure to cold 

for 60 days, however, h ad a different influence on the eggs 

according to t heir different initial i ncubation perioè.s a t 28°c. 

The eggs recei ving four and nine days of initial incubation shovred 

only sligl1.t and partia l brealcing of ô.iapause respectively, vrhile 

the eggs 'l,·rhich had 1 8- 25 days of initial incubation sho1.ved 

complete termination of ùiapause, 100 per cent of the nymphs 

en erging uithin sixteen days of the final i ncubation (Table N). 

~P.nen the col cl. trea tment \·ras extended for 91 da.ys or 1 22 days t he 

eggs becaa e virtually completely free froa cl.iapaus e and more t han 
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Table N 

Shm'!ing the effect of exposure to 6-7°C. on termination of 

egg diapause (Quebec population) 

Duration of Initial incubation Final incubation Percentage of 
cold treat- period at 28°G. in period r~quired viable eggs 
~lent in days da ys at 23-26 c. in hat ching i.-ri thin 

de. ys 16 days after 
cold treatment 

l:inimum Eaxir::mm 
25 17 81 0 
22 18 81 0 

9 18 16 86 0 
9 28 88 8 
4 28 109 0 

25 13 74 41 
22 13 77 '1 

16 18 21 84 0 
9 18 95 0 
4 35 91 0 

25 16 67 30 
22 16 67 6 

23 18 16 77 6 
9 32 67 0 
li- 32 84 0 

25 14 60 43 
22 14 56 14 

30 18 14 4L~ 20 
9 18 ~~ 0 
4 23 0 

25 14 16 lOO 
22 14 16 lOO 

60 18 l~· 16 lOO 
9 lLI- 56 56 
4 14 Lr-9 42 

') rJ 13 15 lOO c...) 

22 1~· 16 100 
91 18 13 15 lOO 

9 14 20 95 
L. 14 16 100 1 

25 lL:- 16 100 
22 14 16 100 

122 18 13 17 95 
9 14 20 90 
4 14 16 100 
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95 per cent of the hatching was completed within sixteen days of 

the final incub2.tion which varied only bet·Heen fifteen and tvrenty 

days. 

Fluctua ting cold and vrarm tenperatures: To determine the 

influence of fluctua ting ter.1peratures, eggs frorù Que bec females 

'\·rere exposed to cold and 'lrrarm temperatures for varying periods 
0 

(Table V). One batch of 25 eggs '\vas first incubated at 28 C. for 

22 days, then kept for seven days each at 6-7°C., 23-26°c., 6-7°C. 

and 23-26°c., follovred by 14 days e.t -5 to -6°C. and a further 

14 days 2.t 6-7°C., and finally incubated at 23-26°C. On the 

fourteenth day of the final incubation the eggs began to hatch; 

and '\'lithin three days hatching uas completed. A second batch of 

25 eggs vras similarly treated except that, a 7-day treatment at 
0 0 

6-7 C. f'ollowed by a reduced period of 7 days at -5 to -6 C. -vras 

substituted for 14-day period at -5 to -6°C. The effect of this 

treatment '\'ras more or less the same as in the case of the f irst 

batch, nmnely
7 

that the diapause termination ;..ras virtually complete; 

hatching in this case did not actually begin until the sixteenth 

day of the final incubation but vras again completed vrithin three 

days thereafter. 

Third and fourth batches of eggs viere given the same treatment 

as the first and second respectively except that the initial 

incubation at 28° C. 1·ms reduced to eighteen days. Diapause 

terrünation vras again complete or virtually complete in both 

instances. Hatching beg2.n on the eighth and fourteenth day of 
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Table V 

ShOi:·Jing the effect o~xposure to fluctuating ter.1peratures 

on termination of egg diapause (Quebec population) 

Treatment at Initia.l Final incubation Percent age of viable 
fluctua ting incubation period required eggs hat ching '1.-.rithin 
temperatures period at at 23-26°C. in 16 days after cold 

28°c. in da ys da ys treat:ment 

Hininum Eaximurn 

22 14 16 lOO 
18 8 16 lOO 

Treatr:1ent I 9 16 16 lOO 
4 14 60 40 

22 16 18 80 
18 14 17 91 

Treatnent II 9 16 16 lOO 
4 16 56 30 

Treatoent I: 7 donsecutive days each at 6-7°C., 23-26°c., 
0 0 

6-7 c. and 23-26 c. follovred by 14 days each at 

~ 60 6 0 -? to - c. and ·-7 c. 
Treatment II: 7 consecutive days each at 6-7°C., 23-26°c., 

0 0 0 0 
6-7 c., 23-26 c., 6-7 c., and -5 to -6 c., 

followed by 14 days at 6-7°C. 
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the final incubation and continued for eight and three further 

days respectively. 

A fifth and sixth batch of eggs \·rere also given t he séWle 

treatment as those of the first and second respectively, except 

that the initial incubation period at 28°C. 1:ras shortened to nine 

days. In these tHo eÀrperiments the commencement of hatching \·ras 

delayed until the sixteenth day, as in the second experi ment, but 

"!;'JaS completed all on one day. Diapause "':ras thus cor.1pletely broken 

by these experiments also. 

Seventh and eighth batches of eggs 'l:.rere incubated at 28°c. 

for only four days, but the treatments "C•rere othervris e the same 

as in the first and second experiments. The effect of this 

trea t ment differed materially from the others, for, although the 

eggs began hatch ing on the fourteenth or six teenth day , hatching 

continued for 60 and 56 days respectively. TerEJ.ination of diapause 

was, in fact, only slightly indicated since nos t of the eggs 

showed d.elaye d hatching . 

Five batches of eggs from the N e"':T Bruns'\·rick population and 

three batches from each of the Vermont and Prince Ed"t·rar d Island 

populations "t·rere compared "td th the ab ove. After incuba ting for 
0 0 

9- 38 days a t 28 c . t h ese were k ept at 6- 7 c. f or 83 days and then 

each batch uas divided 2.pproxir:mtely into tuo halves. One h a.lf 

of each b2.tch 1:I8.s i ncubated a.t 23-26°C. ·t-.rhile t he other he..lf , 

a.fter keeping for seven c1e.ys at -5 to - 6°C ., I•TcSS incubated a t the 

saiJe tenperature as the f irst half . The eggs belonging to the half 
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batches not receiving freezing treat~ent started hatching on the 

thirteenth day of the final incubation, and the eggs of nany of 

the se sho1·red complete termina tian of diapause. Others, hovrever, 

sh011ed only a partial effect (Table VI). The e ggs of t he half 

be.tches ·Hhich had received. freezing tree.tment mostly began to 

hatch on the :fburteenth day of t h e final incubation and t here uas 

virtually complete terr:ünation of diapause in all cases (Table VII) , 

The effect of cold on the percentage of e gg h a tching : As 

already indicated, only about 50 per cent of the eggs of 

G. pennsylvanicus h a tched '\·.rhen incubated continuously a t 23-28°C. 

without any cold trea t nent. The incubation period required by 

tho se eggs l·.rhich hatched under the se candi tians varied bet\·reen 

bet"t·reen 28 and 140 days, but tended to1·ra.rds t h e longer period. 

It u a s therefore dec i ded t o investigate the ef fect of cold treat­

ment on the percentage of eggs hatching. 

A total of 875 ege,s ini ti ally incubated a t 28°C. '\'rere 
0 

subjected to 6-7 c. for varying periods before t heir final 

incuba t i on a t 23-26°c.; 125 f or 9 days ; 125 for 16 days; 125 f or 

23 days; 125 for 30 days; 125 for 60 days; 125 for 91 days; and 

125 for 122 days. The f i gures of 50 per cent hatching for e ggs 

receiving no cold t reat nent 1:.rere t a.ken from .:6fte previous re sul ts. 

Nine to 23 days of cold treatment effected a slightly better 

percentage of hatching thEm no colà treatment, but this beneficial 

ef fect uas more prononnced vrhen t he treat raen t vras prolonged f or 

a month. In the l at ter case the per cent age of t he e ggs ·1 .. rhich 
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Table VI 

Shm'!ing the effect of exposure to 6-7°C. for 83 days on 

termination of egg die.pe.use in Hon-Que bec populations. 

Population 

Ee'l:! Bruns\·Iick 

vermont 

Prince Ed1·:ard Island 

Initial 
incubation 
pet;iod at 
28 c. in 
da ys 

38 
33 
29 
22 

9 

29 
22 

9 

29 
22 

9 

Final incubation Percentage of 
period roquired viable eggs 
at 23-26 C. in hatching 1-li thin 
days 16 days after 

cold treat:sent 

l·:inimum Haxü:;:um 

25 97 
15 100 

13 16 100 
27 57 
39 90 

15 100 
27 89 
27 78 

13 

13 100 
13 19 98 

36 65 
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Table VII 

ShO"t'ling the effect of exposure to 6-7°C. for 83 days follovJed 

by -5 to -6°C. for 7 days on termination of egg diapause in 

IJon-Quebec population. 

Population Initial Final incubation Percentage of 
incubation period rbquired viable eggs 
period at at 23-26 c. in hat ching vri thin 
28°c. in da ys 16 days of cold 
da ys treatment 

Mini:w.um Haxinum 

38 14 27 97 
33 13 17 96 

N evr Brunsvri ck 29 14 20 91 
22 1L, 17 99 

9 14 41 96 

29 15 20 97 
Vermont 22 14 25 92 

9 14 39 92 

29 14 20 95 
Prince Sd·Hard Island 22 14 25 81 

9 14 39 90 
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hatched increased to about 65 per cent. This per(:entage continued 

to rise as the period of cold treatment '\vas increa.sed and i t "'.·ras 

maximal (ne arly 85 per cent) when the treat:rï.1ent 1-ras prolonged for 

122 days. Treatment uas not prolonged beyond this period. The 

results are indicated in Fig. 17. 

4. Discussion 

The term diapause -v.ras first coined by Uheeler (1893) to 

·describe the post-anatrepsis1 stage in the morphogenesis of the 

embryo of the long-horned grasshopper, Xiphidium tnm·J Conocephalusj 

uhen the embryo is more or less stationary. Physiological diapause 

in the eggs of the Orthoptera occurs at three different stages 

in the morphological deve1opment of the enbryo in different 

species. These stages may be called the pre-anatrepsis, post-

anatrepsis and pre-hatching stages. In Austroicetes cruciata and 

Homoeogryllus japonic..lhê_ the enbryo is pear-shaped (Andrewartha, 

1952; Umeye.,l950), "'.·Jhi1e in Gryllulus [Acheta] raitratus it is 

du'Yl.bbe11-shapeà. at the time of occurrence of diapause (Umeya, 1.c.); 

all these are pre-e.natrepsis stages. In a feT·r orthopterous insects 

diapa'J.Se is knm'm to occur shortly bef ore hatching, as in 

l·.Ielanop1us mexicanus mexicanus [L. bilituratus) (Parker, 1930), 

H. bivittatus (li[oore, 1948), E. packe.rdi (Salt, 1949), L: . f1avidus 

flavidus, and li . foeà.us fluviatilis (George,l950). But in most 

of the Orth.optera so far studied diapause occurs in the post­

anatrepsis stage (i.e., in the stage à.escribed by \Jheeler) for 

~t.natrepsis is completed \·rhen the embryo reaches the ventral 

surface of the yolk ui th i ts head directed tm·Tards the posterior 

pole of the egg; "'.·Jhen it sinks into the yolk it is in post­

anatrepsis stage. 
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20 60 0 140 
Cold treatment in days 

Fig. 17. Effect of exposure to 6-7°C. for different periods 

on the percentage of hatching of eggs previously incubated at 

28°c. Eumber of eggs used 1,000. 
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exrunple, in Dichroworpha virièis, Chloealtis conspersa, 

Circotettix verrucD~la.tus, Eesperotetti:::c [ viridis] pratensis, 

H. (2,•] viridis, I :~ elanoplus differentüüis and !i· fer.mr-rubrum 

(Carothers, 1923), in .Aeropus tnm·l Goraphocerus) sibiricus 

(Be1-Bieru{o, 1928), Chorthippus parallelus (Sansom et el., 1935), 

C.:;mnu~a pellucida (Eoore, 1948), Eelanoplus keeleri luriè.us, 

L . scudderi scudcleri (George, 1950), Locustana pardalina (1-Iatthée, 

1951), and in Locusta migratoria gallica (Le Berre, 1952). In 

11 .P..cheta11 con!I-aodus ( .Hcgan, 196 Ga) and Gryllus pennsylvanicus (see 

Section V), diB.pause also occurs in ü1e post-anatrepsis ste,ge. 

All the species mentioned above have more or less strictly 

uni vol tine li fe cycle, ·Fhich might perhaps üarüy the:t all the 

orthopterous species~ \·rhich enter diapause r.my have a uni vol tine 

life cycle e.nd that they occur in those geographice.l regions 1vhere 

there is a single period of extreme climate and vrhere this 

condition continues for a large pe.rt of the year. This suggestion 

is supported by the study of the life c ycle of G. pennsylvanicus. 

In G. pennsylvenicus diapause occnrs after about four days 

of incubation (see Section V). Diapc.use-termine.ted eggs require 

further incubation f or 2.bout fourteer. ( ±.1) days to complete their 

development, al though a feu eggs :nay talee a cle.y or t\-ro longer. 

Thus in the strict sense the true d.evelopmental period lasts 

about tvrenty days (four days pre-diapause and &bout sixteen days 

post-diapause). Th is means that the eggs of G. pennsylvanicus 

have more or less the same developmental period as those of 9ther 
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species of Gryllus having non-diapause eggs, such as G. veletis, 

G. rubens and G. assimilis (see Sections IV and V) whose eggs 

hat ch at 23-26°C. vli thin seventeen to twenty days of the commence-

ment of incubation. In G. pennsylvanicus, however, not a single 

egg actually hatched vii thin tv1enty days of oviposi ti on "t'lhen 
0 0 

incubated at 23-26 c. or at 28 c. The minimum pariod of incubation 

has been found (in a fev1 cases ohly) to be 28 days and i t may thus 

be concluded that the females of this species do not lay 

non-diapause egg. In other words, diapause in the eggs of 

G. pennsylvanicus is obligatory. This fe.ct is further supported 

by the study of the rnorphological development of the embryo (see 

Section V), 

In some cases the total incui)ation period of G. pennsylvanicus 
0 

\•ms found to be as long as 140 days at 23-28 C. Such a prolongation 

of the required incubation period ind.icates EU1 increase in the 

'intensityr of diapause as defined by Andrevrartha (1952) and Lees 

(1955) (see footnote on page 99) and thus eggs vrhich hatch only 

after a lone period nay be said to show a high . diapause intensity. 

By plot ting 2. graph (Fig. 18 ) on the be.sis of percente.ge emergence 

of nymphs from all eggs incubated at 23-23°C. (see page 99) and 

presuning that the eggs \·Thich hatch on or before b.-renty days of 

incubation shm·J ninimal dia pause intensi ty (zero on an ar bi trary 

scale of "diapause intensity"), and those Hhich hatch after 140 

days sho,J maxima~ intensi ty (lOO on the ar bi trary sc ale), the 

cliapause intensi ty sh01·m by different number.s of eggs can be 
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..... 
Fig. 18. Degree of diapause 11 int~si ty" shm·m by different 

0 
percentage of eggs incubated continuously at 23-28 c. Zero on the 

arbitrary scale represents hatching on or before 20 days of 

inc1.1be.tion (i.e., minimal cUapa11se intensi ty); 100 represents 

hatching on or after 140 days (maximum. die.pau.se intensi ty). 
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indicated. 'l'he graph shoHs tha t the maximum number of eggs 

exhibi t a dia pause intensi ty about mid1v-ay betvreen the bro extremes 

(50 on the arbitrary scale). A normal distribution is apparent. 

Cold treatment of the eggs effects a reduction in the 

intensity of diapause. As the period of cold treatment increases 

the diapause intensity decreases until the cold treatment is given 

for 90 days or more, vrhen i t becones minir:1al (Fig. 19)~bout zero on 

an arbitrary scale of diapause intensity). In calculating the 

effect of cold treatment it has been presumed that the eggs prior 

to cold treatr,lent have been incubated for at least four days and 

that 140 days incubation before hatching means maximum intensity 

(lOO on the arbitrary scale). 

It is interesting to note that uhen eggs ,.rere incubated at 
0 

28 c. for varying periods from four to 38 days prior to cold 

treatr:1ent all hatched after approximately the same interval of 

time subsequent to the termination of diapause. This shows that 

all eggs '·rere at more or less the same stage of development at 

the time of cold treatment, irrespective of the duration of prior 

incubation. This fact is further supported by a study of the embryos 

before e:.nd after the cold treatment (see Section V). It r.w .. y be 

concluded that the preliminary incubation for four to 38 days at 
0 28 c. has no detrimental effect on the development of the embryo. 

:Sggs laid by the young females (eggs laid early in a season) 

begin hatching after a longer time than those laid by middle-aged 

females (eggs laid late in a season). Thus the first batches of 
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0 Fig . 19. Histoe;rerns sho·t-ring the effect of exposure to 6-7 C. 
for è_ifferent periods on the intensi ty of ci iape.use of eggs 
previous1y incubated continuous1y a t 28°C . The a r bitrary sca1e 
of die.pe.use intensi ty is as in fiG. 18 . 
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eggs were found to begin hatching after 80 days of incubation, 

'1.·rhile eggs laid after 40 days from the first laying started 

hatching after only 28 days. Cook, in a personal con~1unication 

quoted by Burd.ick (193 7), observed. 2. similc:.r phenomenon in 

Eelanoplus differentialis. This i mplies that the general 

physiological condition of the mother affects the eggs . The same 

has been found to be t h e case in a variety of insects: in Bombyx 

nori (Kogre, 1933), in Phlebotomus papatassi (Houbaud, 1928; 1935), 

in Spalangi2. drosophilae (Sir:monè.s, 1948), in Locustana pardalina 

(Eatthée, 1951), and in Lucilia sericata (Cragg émèl Cole, 1952). 

The observed behaviour of the e ggs of G. pennszlvanicus (la id 

by field-collected females) in the laboratory must be of very 

great significance in the li fe of the cricket, if sim il ar 

behaviour is shm·m by the eggs in the field. In nature some females 

become rJature by the n i dcUe of July and start laying e ggs by the 

end of the month. Even if high temperatures a re naintained, such 

eggs "l.·rould not be ready to hatch 1.mtil the middle of October, but 

by t hat tiiae the temperature Hould have dropped so that fevr , i f 

any , eggs l.·rould have completed their development e.nd hatching 

1:T01.Üd not occur. I f the e~gs of young fer.1ales behaved like those 

of the n idcUe-aged ones , t hey FOuld have h atched by the end of 

Augus t or by the beginning of Septeober and t he young nymphs ~:muld 

die due to vrinter cold . To avoid this lintimel y h a t ching , the eggs 

of the yotmg fenales h ave this long pre-h a tching per iod . In fac t 

uhatever the date of oviposition by the females , hatching uould 
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not begin before the first i~Teek of October, by vrhich time the 

ternperature 1..muld have declined sufficiently and no hatching vrould 

occur before the onset of uinter. 

The eggs which were kept for 83 days at 6-7°C. did not show 

complete termina ti on of dia pause, but 1.rhen they i'rere exposed for 
0 91 d2_ys at this temperature or 83 days a t 6-7 c. and for seven 

d t --- t 6°c th t · · · L' "· 1 t .ays a - ) o- ., e err.u.na-cJ.on 01. nJ.apause \vas a nos 

complete . Therefore to terrüna te dia pause, the eggs must be 

exposed to cold conditions for at least 90 days. This long period 

is also an ade.p t ation to the ins ect 1 s environrrrent. Sometir.1es i t 

t,léJ.y happen in n a ture that the temperature IJay go dovm as lm·r as 
0 

6 C. for a 1·1eek or so bef ore the actual ons et of 1.-rinter, after 

vrhich i t may again become -vmrm enough to a llovr the continued 

development of the e ggs . Thus, if only a short exposure t o cold 

vrere suffic ient all the eggs might hatch prematurely and ultimately 

all young nymphs 1.·.rould die of exposure 1-:hen -vrinter cold finally 

set in. To avoid such a cUsaster , t herefore, the e ggs have 

developed the necessity for a long cold treatment to t erminat e 

diapause . 

The effect, of the al ternate Har m and cold tempera.tures for 

56 days , on the eggs i s more or less similar to tha t of the 

continuous cold for 60 days ; s ince under both conditions the 

termina ti on of diapaus e \·ras achieved in seme e ggs. It may also be 

0 
pointed out tha t the exposure to vrarm. t er.1peratures (23- 26 C.) 

during al ternating i·rarm and cold treatments , di d not affect the 
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post-diapause incubation period vlhich remained about the s ar.ae, 

naraely 14-16 days, shmüng that this kind of temperature 

fluctuation does not have any demonstrable effect on the resumption 

of morphogenesis. 

Eggs 11hich do not receive, or 1-rhich receive insufficient 

cold treatment shovr a very small percent age of emergence i•.ri thin 

three days from the start of hatching, but diapause-terminated 

eegs complete about 95 per cent of their hatching within three 

days. This is again an adaptation to the environra.ental conditions. 

In this way the great majori ty of nymphs 1--Till mature at about the 

sarne time, so a s to be ready to copu.late and lay eggs at the 

appropria te time for i'linter dia pause. Similar behaviour over a 

very Hide geographie al range can thus, to a. l arge extent, be 

explaineà. . 

The behaviour of the eggs discussed above thus clearly 

indicates that the different faculties developed by them enable 

t he species to overcome the rigours of cold at every stage of 

embryonic developnent. The cri tic al teBperatures , ho1·rever , have 

not yet been determined. 

Brovming 1 s (1952 ) obs ervations on 11Achet a 11 commodus, confirrned 

by Hogan (1960 a) ,that a.s the i ncubation temperature is r a ised ail 

increasing percentage of the eggs develops i·ri thout interruption 

and that t here is a strong tendency f or diapause to be averted 

a t high temper atures, do not hold good for the eggs of 

G. pennsylvanie~ in 'l.vhich not a single egg vras found to develop 
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'I:Jithout interruption, even although sor;1e 1.·rere incubated at 28°c. 
0 

for more than tvro months (Fig. 15). Lees (1955) has also proppnded 

a general rule that high temperatures tend to avert diapause I:Jhile 

lou temperaturer favoùr arrest of grm·rth. At least the first part 

of the generaL rule is not applicable to the eggs of 

G. pennsylvanicus. 

Diapause has sometimes been regarded as a state of blocked 

or inhibited development i:!hich must be (broken' by the stimulus 

of cold. In the eggs of G. pe~~sylvanicus morphogenesis becomes 

blocked a t least for a time, and to break this blocking exposure 

to cold for at least 90 days is necess ary. This means that during 

the period of cold sorne kind of physiological change is induced 

in the egg , so that 1-rhen it is incubateà at an adequate temperature 

the embryo will resurne regular morphogenesis as in the eggs of 

non-diapause species of Gryllus. If the period of cold treatment 

is insufficient the physiological effect is incomplete and 

therefore there is no regular resumption of morphogenesis . 

The only vi s ible physiological effect of the cold trea tment 

which -vms observed '\<Jas a change i n the consistency of the yolk 

vrhich becatne more or less semi-fluid . The fluid nature of the yolk 

may allovJ i t s easier ass imilat ion by the grO"t'ling embryo and thus 

hast en grmrth '\·ri th the restü t tha t all eggs hat ch at rJore or less 
un 

the s eme time. :Snbryos .{exposed to cold are presumably only able 

to ass i mila te t h e yolk slouly, probably depending on their 

i ndividual c apacities , so tha t s orne are a ble to complete their 
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developn1ent earlier than others, although never so r apidly as 

those vrhich have been exposed to cold. This might explain the 

irregular hat ching of the eggs ·vi thout cold treatment. 

The eggs of Lymatria dispar enter diapause ·t-rhen the embryo 

is almost ready to hatch and i ts gut is loaded vii th yolk 

(Tuleschkov, 1935). In the se eggs, 'I,·Jhen they are incubated at 

0 25 c. after cold treatment, the yolk is liquefied and absorbed 

and hatching takes place. Hodson and VJeinman (1945) have also 

observed, i n ha.la.cosoma disstria, that before hatching of the eggs 

occurs the yolk in the gut of the embryo must be liquefied a.nd 

absorbeà.. Sir:lila_r changes in the yolk of the e ggs of Austroicetes 

cruciata h2.ve been observed by Andre'\'mrtha (1943) and h e (1952) 

is of opinion that these visible changes in the yolk indicate tha t 

diapause m2.y h ave set in because, at the critical stage in the 

life c ycle, the yolk proved intractable and could not be moblized 

for ~ use in the next stage of development. Kevan (1944) in the 

larva of Diatraea [ nm·r zaediatraea] lineolata and Lees (1953) in 

Eetatetre.nychus [nov Panonychus] ulni have shm·m that unsui tabili ty 

or e. failure of the food s upply led to the onset _of diapause . It 

may , therefore be .suggested that the non-availability of suitable 

fo od nay be one of the causes of occurrence of diapause in 

G. pennsylvanicus a.lso. 

It is unlik ely tha.t cold is directly responsible f or the 

d ifference in consistency of the yolk 2nd it is also very 

improbable tha t the constitution of the yolk is alone responsible 

for d i ap2.use in the embryo of G. penns.zJ-vanicus since Di geloi·! 
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(1960a) from the resu~ts obta.ined by hybriclize,tion experiments 

1-Ti th non-diap2.use species, has concluded the_t diapause in this 

species seems to be determined by the genetic constitution of the 

er:J.bryo and not by cytoplasmic or yolk cons ti tuents of themselves. 

It may -vrell be, hm·rever, that the cons ti tut ion of the yolk r1ay 

be affected by the embryo, itself influenced by exposure to cold, 

and there is some intraction betueen the t1·:o. 
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VII. :SFF!~CT OF COLD mr PRE- AED POST-DII.PP_USE ZGGS OF GHYLLUS 

P:Sl'-TES Y1 V ATTICUS 
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VII. =:P?:SCT OF COLD CI'~ PRE- ~'..I!D POST-DIAPI~USE EGGS OF GRYLLUS 

Pi~lTlTSYLVANICUS 

l. Introduction 

It has been sh01.·m that -vrhen à.iapause eggs are exposed to 

6-7°C. tne 11 intensity11 of diapause is reduced and tha t exposure 

for three months or nore lo-vrers this intensi ty aillost to nil 

(see Section VI). In most species of insects that have been studied 

(Parker , 1 930; BurcUck, 1937; Andre\·rartha , 1 942 ; l·1uroga, 1 951 ; 

and Le Berre, 1 953) i t has be en found that exposure to lovJ 

temperatures at the appropriate stage in the e gg 1 s development 

(uhen the embryo is in diapause) results in t he egg being able 

to complete i ts development promptly vû1en subsequently i ncubated 

a t sorne a.ppropriate higher tenperature. UiJ.til very recently, 

however , no systegatic study ha s been made to show t he effect of 

cold treatment on pre- and post-di apause eggs of any orthopterous 

insect. Since the bulk of t his t hesis uas prepa red, hm·rever, 

Hogan (l960b ) has published sorne such observations on pre-diapause 

eggs of 11Acheta11 coEn:'lodus in Austr2lia . Th is section deals \'li th 

experiments to determine the effect of exposure to lovr tempere.ture 
0 

( 6-7 C.) on such eggs in G. pennsylvanicus. The main objects of 

the study Fere to discover , f irstly, the extent to 1·rhich c1evelop-

ment t d;:es place in the embryo of lJre- diapause eggs during 

exposure to cold and the effect of such exposure on the intensity 

of di apause in t he s e eggs ; and soconè.ly, to deternine if cold 

tre2.t nent h2,s any detrin ental ef:fect on post-di apause eggs and 

vhether any O.evelopn ent occurs during such periods of exposure . 
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2. t !:ateriB.ls anO. methods 

Eggs -vrere collected 2nd experiments i·rere perforned in the 

manner described previously (see Section VI). Freshly collected 

e gg s 1·rere clivided into five groups of 75 each and incubated 

initially at 22-23°C. for different periods ranging fror::1 one to 

fi ve days. Each group \•m.s th en exposed to 6-7° C. for three months, 
0 

after uhich they 1·rere finally incubated at 23-26 C. Another batch 

of 300 eggs was initially incubated at 22-23°C. for seven days 

(by -vrhich time all had entered diap2.use) and vras then exposed to 

6-7°C. for three Bonths to terminate diapause. The post-diapause 

eggs -vrere th en d i vided into f our groups of 75 each, ea ch of vrhich 

-vms ag2.in incube..ted at 23-26°C. for a different period - namely 

for 3, 6, 9, and 12 days res pectively. All uere then exposed to 

6-7°C. for one further :.wnth and f inéüly i ncubated a t 23-26°c. 

3. Resu~ts 
0 

Table VIII sho·Hs the effect of exposure to 6-7 C. on 

pre-diapause eggs. The eggs 1-rhich uere ini tially incubated a t 

22-23°C. for one day only di d not hatch after their f i nal 

incubation; all died. As the period of initial inc·ubation a t 

22-23°C. Has increased , ho'l.·rever, the percen t age Fhich ev entually 

hatched after the final incubation also increased . The percentage 

of eggs i·Ihich hatcheèi after an initial incubation at 22-23 ° C. 

f or 2, 3, 4 , an d 5 days -vras 30, 36 , 44, and 52 respectively. 

The eggs began hatching on the t hirteenth to s i x teenth day of 
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their final incubation and the hatching continued until 26th day. 

Eost of the eggs in any batch, hm·rever, ha.tched ·Hi thin three 

days from the start of hatching indicating thereby that the 

terrüna tion of d.iapause vms alr.a.ost complete. 

Table IX shm·rs the effect of exposure to 6-7°C. on the 
0 

post-diapause eggs. The eggs ·uhich I:Jere incubated at 23-26 C. 

for three days after the termination of diapause and before the 

second cold treatment began hatching on the fourteenth day of 
0 

the final incubation at 23-26 c. As the immediate post-diapause 

incubation was increased from 3 to 12 days the final pre-hatching 

period "~;vas reduced by a comparable leng.th of time. Thus 'l;·rhen the 
0 

immediate post-diapause incubation at 23-26 C .. \·ras 6, 9, and 12 

days before the second cold trea t ment, the final pre-hatching 
0 

period a t 23-26 c. was shortened to 10, 8 and 5 days respectively. 

In this vray it \·ras shovm that all four groups of eggs required 

incubation at 23-26°c. for a total seventeen days irrespective 

of the time at \·Thich they uere sub jected a cold treatment. The 

great es t percentage hatching , namely 75 , T;Jas shm·m by e ggs -vrhich 
0 

"t·Tere given six-day post-diapause incubation at 23-26 c. bef ore 

the s econd cold treatment , but those incuba t ed for only three days 

shovred 65 per c ent of hatching . Eggs incuba ted for nine and tvrelve 

days sho~>red a minimum percentage hatching - only about 50 per 

cent. Six- day post-diapause incubated eggs hatched over 2. period 

of seven days 1;,rhile in the other cases the overall hatching period 

-v·ras only tv:o to three days . 
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Table VIII. Shouing the effect of 6-7°C. on pre-diapause 

eggs of G. pe:nnsylvanicus. 

Incubation period Percentage of Percente.ge of hatching of 
in days hat ching viable eggs in first three 

da vs 

Initial Final 

l 30 0 0 
2 16-26 30 83 

~ 14-17 36 100 
1 L~-15 41~ - 100 

~ 

13-20 52 98 ) 

0 
Table IX. Shm'ling the effect of 6-7 C. on post-diapause 

eggs of G. pennsylvanicus. 

Incubation period after cold treatment Percents.ge of he..tching 
in da ys 

!\.ft er initial cold Afte1, final cold 
tre2.t ment treat n ent 

3 l'+ 65 
6 10 75 
9 8 50 

12 5 50 
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lt-. Discussion 

Pre-cliapause eggs, after initial incubation c;_t 22-23 ° C. for 

only e. day (i.e., before distinct eBb:cyos are formed - see Sections 

IV anël V) e.nd subseq"c.lent exposure to 6-7°C. f or three 1~1onths, are 

not resistant and are killed by the latter tempe1•atv.re. After 

longer ini tiB.l incubation perioc.l at 22-23° C. (~., \·rhen the 

enbryos b.eve as smJed a clefi n ite shape) t h ey are a.ble to 1:1i t hs t and 

colè. to a gr ee.t er degree , becoming more and more r esistan t é'.S 

they gr011. Uhen t h e embryos are only t\·TO da.ys old only 30 per cent 

survive, but i·.rhen they <:.tt ain fi ve days of age the ir survi v al 

r e. te incree.ses to 52 per cent . Even uhen t he erc1bryos e.re in a 

pre-diapause condition, theref'ore, they TIJ.ô.y b8cone e.l most 

completely free from diapause on being exposed to 6-7°C. for 

three lîlonths . 

The effect of cold on pre-diapause e ggs of orthopterous 

insects h as not been stU<Hed systen12.tically and there a re on1y 

a few casual records dea1ing with this aspect. Parker (1930) noted 

thô.t -vrhen fres h1y l c.i cl. eggs of l-~elanop1us "lTiexi ca.nus 11 l i . e ., 

h . bilituratus] were chil1ed for 240 days at 0°C ., the 

post- d i ape.use incubation period 1.-ras reduc ed fro111 L:-6 days to 11 

days , thus indica ting tl1a t t he exposure t o cold of pre- diapause 

eggs of t h is species helps to bring about tern iné'..tion of di apause. 

Church and Salt (1952) have pointed out the.t , in l a te autwnn, col d 

1.-iee.therc ombineè. 1.-!ith ôryness aft en stops devel opment in the eggs 

of Lel e.noplus bi vi tt a tus Hell before d i a paus e stage . In such eggs 

- - ------ -------- - ----- - - -------· -· 
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the potenti2.1 for cli2.pEmse is brol~en in the sw1e vray as is diapause 

in mature diapause eggs. This means that the winter co1d terminates 

c1iaps.use i n pre-diapause eggs in a simi1ar manner to that in 

ë.iapause eggs. They refer to such eggs as "à.iapause averted" eggs. 

Brovming (1952) foUt'1.d that if the eggs of "Acheta" comnodus 

1.-rere he1d at 13°C. for sever<:ü -vreeks short1y after their 
0 

oviposi ti on and then incuba.ted at 26 C., t hey invariab1y deve1oped 

Hithout interruption; he refers to this as the comp1etion of 

'dia pause deve1opment'. Thus, according to Brm,ming, the exp os ure, 

of the pre-diapause eggs to 1oi:J temperatures, terminates diapause. 

He is f1.1.rther of the opinion that 11A. 11 commodus is unusua1 in 

this respect, because, in nost of the species in Hhich diapause 

occurs, 1m·r temperature is most inf1uentia1 after the embryo 

has entered diapause (Parker, 1 930; Burdick , 1937; Andre\·Tartha, 

1 943). 

BrO"t·ming ' s observations have been cri ticised by Ho gan (1960à.} 

vJho remar ks that comp1etion of di apause in this tvay 1-rould be most 

unusua1 and that such a phenm:1enon is cont rary to t he general rule. 

On the basis of his own experiments he presuriles tha t at 1m·rer 

temperatures a11 eggs enter diapause. His suggestion tha t the 

1o"'.·J-temperature trea tment of pre-diapause eggs does not terminate 

di apause is not, hm-rever, supported by his mm experiments. The re 

is alvmys a threshol d for grOi.vth belou uhich developraent cannat 

0 proc e ed. Thus, \rhen Hogan kept eggs of "A. 11 commodus a t 12.8 c. 

he did not observe any resu!!lption of deve1opment beyond the 
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diapause stage even after three s onths. A ten:perature of 12. S0 c., 
however, is probab1y not a suitab1e one for egg development. IIad 

he kept eggs v!hich ha.O. been exposeè to 12. S0 c. at a sui table 

incubation temperature it seems 1 H;:e1y that they ''.rould have 

ü.eveloped in a comparable me.nner to uh2t u2s found in the case 

of G. pennsyl vanicus unless 11A. 11 com.;;wdus behaves very ü_ifferently 

from t;:le forBer. In fact, very recently, Hog2.n (1960b) kept 

cold-treated pre.o.diapause eggs at a. sui table incubation temperature 

(26. 7°C.) and found that the diapa.use vras then broken. To maint ain 

his peîlvious interpretation he states, 11 Such 8n exposure so 

i·:ea.K:ens the tendency of the eggs to enter dia pause that i t is 

readily averted 1.·!hen they are transfered to a sui table incubation 

temperature •••••• Actually lov.r temperature may be saül to 

elirninate diapause from such eggs rather than to terminate it 11 • 

Hogan (1960a) is not correct in assuming that both lovr and 

high tenperatures are requireü_ for the complete termination of 

diapmlse. In his more recent studies (1960b) he modifies his 

interpretation and states, 11 Diape_-._J_se is not fina1ly eliminated 

unti1 the eggs are incubated at a higher te11perature. 11 In fact 

only lovr temperature is required for termination of diapause while 

high temperature is necessary for the resumption of development. 

Hogan (1960a) also believes that there is no clear evidence 

to show that failure to enter diapause by cold-treated pre-diapause 

e ggs results from the same processes as those bringing about the 

termination of diapause. In his subsequent publication (1960b) 

he 1-Iri tes, 11 If diape,use development is completed in the pre-diapaus~ 
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stages, then there should be a marked similari ty betvreen the 

relative effectiveness of different tenper.s.tn.res for the 

elimination of diapause from pre-diapause eggs, and for the 

ternina.tion of diapause in eggs that have actually entered 

diapause". He does not, hm.·:ever, ciiscuss this point further. In 

f<ëwt, there is a marked sinilari ty bet1:reen the elimination of 

diapause from pre-diapause e ggs e.nd the termination of diapause 

in e ggs 'I:Thich h2.ve actually entered diapause. In both k inds of 

eggs, lm·J ter7l.pera ture treatnent has exactly the same effect: i t 

renàers the yolk assimila.ble by the embryo (see page 121) and i t 

is qui te reasonable to expect that cold treatment 1wuld have . 

sarne effect on the yolk vrhether the erabryo 'l.·rere in the pre-diapause 

or diapause stage. If c old stinulates the embryo to aff ect the 
~ 

yolk, rather Y-em affecting the yol k directly , ho1:Jever, the 

condition of the embryo EJ.ight help in difference . The sL'llil ar 

behaviour of the pre-diapause and diapause embryos after the cold 

trea tment, nevertheless, further support my content±.on that the 

physiologic al effect of the cold treatment is to make the yolk 

assimilable (see pe.ge 121). ~'Jhen the yo1k becomes a.ssimi1able 

t he enbryos o evelop i n the normal r11anner re sul ting in the 

ter!~ünation of di apause. Table VIII c l early shovrs that almost all 

pre-die.pause e ggs after treatment hatched i.'Ji thin three days just 

a s ;,·ras the c ase in diapause eggs vJhich had become di apause free 

(see Sec tion VI) , i~., there 'Has al nost complete termination of 

diapaus e . Brm1ning (1952 ) also thinks tha t t here i s no reason to 
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believe that the processes 11hich occur in pre-dia;lause eggs d.uring 

expos1~re to cold, resulting in their competence to continue their 

O.evelopnent 1'fi thout interrl~ion, differ fm1damentally from those 

occurring in other species l.rhen exposed to cold after diapause 

has become nanifest. 

It may therefore be concluded th2.t the eggs of 

G. pennsylva.nicus nay receive the requirecl colci treat!:1ent to 

ter:;ünate dia.pélxtse at ç.my time after the second day of incubation, 

but to ensure a greater percentage of h8.tching they should be so 

tre 0.tecï. -~-.,hen t:1e embryos are vrell advanced. This conclusion nay 

perhaps be applicable to all insects uhose eggs enter diapause. 

Lees (1955) points out that in many insects, and in Orthoptera 

in particular, the tenperature tre&.tment to end diapause should 

synchl'onize vri th some defini te stage in the r:10rphological or 

p:hysiological develop1:1ent of the embryo, lG10i.-ll1 as the period of 

sensi ti vi ty. HOi·Jever, this general princip&l is not applice.ble 

in case of .9.:__pennsylva:.1icus in i'lhich S'J.ch a period of sru1sitivity 

extends fror:.1 the Sta.ge I to rva (see sections Dl à.Lld V). 

Pre-diap2.use e ges, after cold treatment for three months, 

Hhen studied 'l,·rere found to contain enbryos only in the dia.pêJ.J.se 

st2.ge (morphologic2.1 Stage IVa - see Section V), and a feu \vere 

Hi thout e:·:1bryos. This neçms that the pre-dia:9ause enbryos continue 

developing during cold treatr:ent until they reach the diapa.use 

ste.ge. It has 2..lready be en pointee: out (see page 93) that vrhen 
in stages 

eggs containing ei:lbryos /IIIa or IV Eœe kept at 6-7°C., they re sune 
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development and re2.ch Stage li/a vhicb. is the true diapause stage. 

The present investigation conclusively supports r:1y previous 

suggestion in this regard (see page 93). Hogan (196oa) has ~l~o 

sllovm that pre-diapause eggs, \Ihen given cold treatment, reach 

the diap8.u.se st2.ge and then stop further development. 
0 

Generally 6-7 C. might be supposed to be so lm1 tha t no 

ô.evelopment is likely, but present observations shov; that the 

embryos of G. pennsylve.nicus can in f2.ct continue to àevelop 

even a t such a lmr temperature until they ree.ch the dia.p2.use 

stage although they do not continue to do so beyond this point. 

This kind of developnent is found only in those insects Hhich 

undergo diapause in the et;g stage. In the die.pe.use sta.ge the 

enbryos C2Il probably live for a longer time at lmr temperatures 

\I~üch l·rould probably kill pre-diapause stage s if they 1·rere to 

remain at the se te1!perabJ.res for long. li'urther t he el;!.bryos in 

diapause stage c8.n resist much lm-Ter teDperatures than are required 

to teruinate di2,p2.use. G. ;pennsylvanicu~ has presur::ta.bly developed 

the characteristic of continuing to develop at lmr tenper 2.tures 

in orè.er to protect thenselves from une:xpected inclement \·.reather 

conditions. ':L'he diapause eggs of G. pennsylvanicus are very hardy 
0 

for they can 1..rithstand -5 to -6 C. for three mtmths at least 

(unpublished observations). 

Andre'\vartha (195'2) has coined the term 1 diapause development' 

for the processes going on during the cold treatment of diapause 

eggs to terminate diapause. Present studies clearly indicate that 
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the processes v:hich go on during the cold treatment in pre-diapause 

and clia.pause e ggs of G. pennsylvanicus are exactly similar. But 

'cUapô.11se developi:!ent' 1::1eans development ciuring diapause only and 

c1oes not incl ude devel olJ~:~ent ô:tJ.ring tl--.e pre- è.iapaus e p~12.s e , 

t l:ere f ore the/use of the terr:t is n.ot epi te 3.lJpropriate a.ncJ. , i t is 

succeste6., :,:c:.:l not be us ee i n the present conte:~t. 

Post-c.~ i 2.p2.use e e;gs of G. pennsyl v e.niC1J.S c a.n 2.lso '~:Ti ti1st 2.n<i 

exposure to lm\; t empera ttœes but the percenta ge llatchil1g 2.fter 

e:x:poslJ.re to 6-7° C. 'l:re.s sligiltly reducec~ - fr on 72 ( see pe.r;e lll) 

to 60 . 'l'im.s i t nay be preslJHed t ha t colü. h a.s B. slir;htl y detri ment al 

effect on the post-Ciepause ea bryos . There is probabl y no 

developr:1ent ô.u~ring post-diapc.1J_se cold tree.t1~1ent since most of 

t he e ggs required about sevent een dc:.ys of post- dio.pause incube.tion 

instead of the nor:n2.l fourteen cl.ays req_uirec'l in t i:1e absence of 

the second cold treat~ent (see Section VI). This suggests that 

the enbryos need s.bout t l1ree c.~a:rs to recoveJ." f l,or:l post-6iaps.use 

cold treat1ent before resu,ing developuent . 
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VIII. K~SPIRA'l'ORY I-1:.:;TABOLI8E DTDIITG 3LJ3~!.YOG.2F:=SIS OF G:RYLLUS 

V:SL:::GTIS Al:D G. p~-~l·E-TSYLV JJ'HCUS 
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V~LJTIS !XD G. P:G;FI,TSYLVAI'TICUS 

1. Introduction 

}~ggs of field crickets of t~1e subfanily Gryllinae Cé..Il be 

grouped into three classes according to the type of development: 

In Class One are those eggs tha.t cl evelop normally if i ncubn.ted 

at an adequate tenperature, ~., Gryllus veletis (see page 88). 

In Gla ss t1.-ro are t h ose e ggs -.:.-rhich require exposure to cold before 

they c e.n continue normal developnent, e.n c!. uhich, if t l1ey do not 

recei ve such treat!ilent, develop very irreg,..:ùarly, t he ir incubation 

period v e.r ying bet'l:reen \.ri de l irü ts ; such eggs are knmm as diapause 

eggs, e.r;., in G. pennsylvanicus, in \':hich development talees from 
0 

28 to 140 de.ys at 23-29 c. (see page 99). The e ggs of t h e Third 

Cle.ss are r.ü d-\·:ay bet-vreen the other tuo classes, norr:m1ly requiring 

lm·.r tempera ture exposure but l1atching norm.ally if raaintained at 

high ter.1pera tures, e. g ., in 11Acheta " cor:u..>J.odus (Hogan, . l 960a). 

It h as been shm·m tha t the eggs of 11 A. 11 conli!lodus and 

G. pennsylva.nicus ent er morphologice.l d i ape.us e a f t e r an i n cubation 

of abolJ.t t:n~ee ancJ. four days respectively (Hogan, 1960a; Page 81), 

but by studying respiratory rnet abolism, the exac t time of the 

on s et of phys iological dia pause ce.n a1 so be determineâ. , since 

Dodine (1929 ) and others h ave shm·m tha t 1:hen t l1e e!Jbryos enter 

d i apause respiratory metabolisn drop s . The r a te of metabolism 

oay , in fact, be used as a test f or t he pr esence or absenc e of 

ë'-iapause in t he e r;gs . Thus a stuèi.y of respir e.tory Eletabolism i s 

of great sicnif i c e.nc e . 
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.Among::>t the Orthoptera respiratory metC~.bolisEl h étS been 

described only for grasshopper embryos, for exai!lple, Chortophaga, 

aomalea, Cercotettix (Bodine,l929), end ~elanoplus differentialis 

(Bodine, 1 929; Burkholder,l934; Boell, 1935; Badine and Boell, 

1936 ). The netabolism of developing eggs in the other groups of 

insects (Coleoptere., Lepidoptera, Hemiptera, Diptera etc.) has 

also been studied, e. p, ., in Leutinota rlJa, Crioceris, Ana.sa, 

Cotinis, Popillia (Finlc, 1 925), Tropa e a luna , Platysa.mia (SeL!ia) 

cecropia , Pyrausta ain&liei, Anas a tristis (Melvin, 1928 ), 

Oncopeltis f a sciatus (.Argo, 1 939), Rhodnius prolixus (Tuft,l949), 

Drosophile. and l-~us ca (Smith and ra eiber, 1 950), 2r..d Popillia 

j aponica (Lud1.-rig and. l·iugneister, 1955). 

No study of the respiratory metabolism of developing eggs of 

any of t he t hree classes, hovrev er, has h itherto been published 

anci c:.n account of the respirê~tory net abolisn and r espira tory 

quotients of developing e ggs of G. veletis, a non-diapause species, 

and G. pennsylvanicus, a dia1:1a.us e s pecies, is presented here. 

2 . Naterials e.nd n et:i.1od s 

Adult f euales and males of G. vele tis '\·rere c ollected from 

the field in the vicinity of Ste Lnne d e Bellevue, Queb ec at the 

beginning of Ju..YJ.e, 1 960, The crickets 'l:.'ere .kept in l a r ge c andy 

j ars ancï. provided u i t h moi s ·L; SB.nd f or oviposit ion. The s e.nd 

c onta i n ine the e ggs l a i d by thes e f enales v a s collected after 

about b.rel ve- hours, and t h e e ggs used 1-:ere thus not more than 

a bout t1:re lve houT'S old a t t h e be(;inning of the expel~iment s . The 

e ggs vere t h en sieved out in 1·rat er, uashed u i t h è.istilled Ha ter, 
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stored in jarl jars on Eloist filter paper .s.2.1.d incubated at 27°C. 

Lt tï:lis temperature r.ws t of t:1e eggs hatched on the (purteenth 

ë.ay of incubation. The eggs of one a.ncl. t l1e sace batch '\·rere used 

for all the experiEtents for t :1.e entire period of thirteen days . 
0 

Before startine the experilJents t h e eggs 1:rere ti-toughly mixed 

so as to ensure rando:m distribution. Determinations \·rere made on 

the r a te of oxygen consut"1tption 2.nd carbon dioxide production for 

each day of embryonic develop1:1ent starting fron i :or;lediately after 

their collection on t he first day. 

AC::.ul ts of G. pennsylvanicus 1:rere also collected loc e.lly at 

the beginning of Augus t él.nd t he eggs \·rere obtaineô. in the manner 

desci'ibed above . To study the respiratory rJetabolism of the 

pre-d.iape.use e.nd dia.pause em.bryos, the eggs collected on one and 

the same day 1·.rere used, a nd for observing the respiratory 

metabolism of the pos t -dia)ause ernbryos, the eggs vere collected 
0 

earlier an d were given a cold trea t nent at 6-7 c. for t h ree months 
0 

t o termina t e diapause . All the eggs \·rere incubated a t 28 C. and 

a t this tenperc:.ture they hatched on the t1.-reLfth day of the 

post-diapa.use incubation. In the case of the post-di apause eggs 

t lw experL,1ent 1::re.s sta.rted about tuo hours after the c ompletion 

of t~1eir cold trea t ment , i.e., on the first day of incuba tion a t 
0 

28 c. During this period the e ggs were washe~ thoroughly to 

reraove any mould, and then the e:-~cess of mois ture \·ras removed by 

pl acing the eggs on dry filte r p aper . 
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oxygen consumption lras m.easured at 27 .2°C., using a constant 

voluDe l;;G.rburg nanor1eter according to t he procedure o"J.tlinecl by 

Umbreit ,:surrnes and Stauffer (1957). For these deterninations 100 

eggs and 0.5 T.ü. distilled uater vrere placed in the EJ.ain chamber 

of each of four na.nometer vessels. The central vrell of the first 

two vessels contained 0.2 cl. of 15 per cent KOE for the absorption 

of carbon cUoxide. A small piece of fil ter paper \'ras placed in 

the KOH to increase its surface area. Vessels 3 and 4 conte.ined 

filter paper moistened with 0.2 ml. of distilled water in place 

of KOH. A vessel containing only distilled water served as a 

thernobarœneter. 

The vessels •:ler e fastened to their respective nanometers, 

placed in the \:rater bath at 27. 2°C. After allovring 15 minutes for 

tenpere.h:œe eq_uilibriurn the 1,1anometer taps l:ïere closecl and the 

zero rea.ciing 1ms taken. Tl1e readings of all fi ve manometers vrere 

recorded at intervals of one hour for five hours. The average 

oxygen cnnsunption for each interVE•.l as uell as for tile entire 

ex:perinental period uas deternined from t he readings of the first 

h·ro ~c1a.nŒ1eters afte:c correcting for thermoba.ror:teter changes. The 

avera.ge oxygen consuup tion for each experimental period \·ms used 

in calculating the ce.rbon cUoxide production in ea.ch of the tiio 

eanor.1eters of the socond set. Respire.tory quotients ·were calculated 

from the ve.lues obtained from these hro determinations (cc2 

prociuction/02 consunption). 



( 141 ) 

Every day ten eggs 1-rere exanined from the lots 1.1.sed , and the 

stage of the embryo was determined by a comparison with the 

illustrations given previously ( lï'igs. 9 and 10). 

3. ~xperimental Restùts 

':Che rate of oxygen consumption, as micro-liters of oxygen 

per 100 eggs of G. veletis per hour, for e ach day of ernbryonic 

development is sho;,.rn in figure 20. The rate of oxygen c onsuDption 

in nevly l a id e ggs is lou. On the second dc..y the oxygen consumption 

rose abruptly 2.nd continued to increase almost steo.dily u.ntil the 

third day . Thereafter there \•ras a furth er s:1dden increas e in 

oxygen consumption, and t he increa se c ontinuing for t 11o days , 

reaching a maxi nrun e.vera2e value of 2L1-.31. On the sixth day the 

rise in the consumption 1-.ras lm·r anà. this situation l asted for tvJO 

days, the e.verage v al u e being only 25 . 62 . From the e i ghth day 

oxygen consu"'Tlption age.in increased and continued to increase 

more or less steadily for three days. On t he eleventh day the 

ri se in the oxygen consumption \:Jas 8.gai n s lovJ. On the t\•relfth day 

the c onsumptj.on a ge.in increa s ed sudc~. enly : r eaching an aver age 

v alue of 4 8 . 26 \·rhich -vms the ma.ximun for t he entire course of 

development . On the thirteenth d ay t he consu.l!lption f ell to an 

average value of 4 2 .18 . Four per cent of t he e ggs hat ch ed in the 

manometer ves s els. 

Fi GlJ.re 21 shm.rs the respira tory quotien t curve of G. veletis. 

The respire.tory quot~.c· -:r t in t he first t-vw days of development rose 

sloul y , e.nd on the thircl day i t increased r apidly and reachcd 



50 

.... 
~ 
0 
~ 

~0 o. 
(/) 

0\ 
01 
Cl) 

':) 

230 
.... 
Cl) 

o. 

É 
E 
B2o 
Cl) 

.li: 
0 
+-
0. 
:::1 

~10 
01 
:>. 
)( 

0 

( 142 ) 

OL-~--~~--~--~~--~6~~--~8--~~0~~~1~2--~-T.4r-~ 

Days of deve lopment 

Fig. 20. Oxygen consumption of the eges of G. veletis 

during embryonic development. 
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0.,. Of de"elopment 
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Fig . 21. Respiratory quotient of the eggs of G. veletis 

during embryonic development. 
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the naxinun value. It tl.1en fell abruptly from an ini tia.lly high 

value of 0.975 to 0.79 on the fourth day. It continued to fall 
/dN.-

until~ fifth day. Follovring this dip a gra.dual increase in the 

quotient a gain occured until, on the seventh day. Then a suàden 

fall occured e.nd the value dropped on the eighth day, and this 
th en 

vc..lue uas l maintained 1-.:i th out significant variation for a day, 

after vihich the v a lue fell further to 0. 705, on the tenth day. 

This 1d 2 S the minimum value reached during the entire course of 

development. Then the quotient again rose on the eleventh day, 

falling again on the twelfth day. On the thirteenth day a rise 

was again recorded. 

Figure 22 shows the respiratory metabolism curve of the 

developing eggs of G. pennsylvc:nicus. The oxygen consumpt.ion for 

the first tiw days 1·.'as lm·r s.nd then i t r ose abruptly and continue à 

rising s tes.dily for three days rea ching 2.n average value of 
• 

18 .L:-3, this being the maxir.1un1 value during tl'le pre-dia!Je.use 

per iod • .Lfter this high value t h e r a te of oxygen consmnption fell 

é).bruptly and continued falling for h ·ro days . After the seventh 

day the fall in the r &te of oxygen consumption 1.-ïas slo-vr and this 

drop continued until t he tenth c"iay re E,chint; e.n o.verage v alue of 

2 .47. During t he ne:::t ten days the r 2.te of oxygen consumption 

re::.w.ined around this v a.lue varying only bet'I:-Jeen 2 .02 to 2 . 62 . 

After t~1e tvrentieth è.ay the o:;~ygen consurn.ption began to rise 

s lm'lly and on the thirtieth day it reached an averB.ge v a.l u e of 

3 . 85 . On t :i1e thirtieth 6.e.y a fei'! eggs shoved s light development 

beyond t he d i 8.p e.use stage .::mo. the f irst h a_tchin g uas notee~ on 

t h e fo r tieth day of incubation. 
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Fig. 22. Oxygen consu111ption of the eggs of G. pennsy1vanicus 

during er:tbryonic deve1opment. Pre-diape~use period 0-5 de.ys; 

di2pause period 6-30 days; post-diaps.use period from. arrm:T to 

12 days. 
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~he oxygen consur1ption of the post-diapause eggs of 

G. pennsylvanicus u a s higher than tha.t of the diapause eggs. It 

continueè. rising e.l n ost stee.ciily throughout the entire period of 

post-è.iape.use development 2.nd an aver2Ee value of 56 .29 vras 

re achec[ on the eleventh d2.y. lïost of the eggs h2.tched on the 

t·Felfth c'lay. 

Figure 23 s ho\·rs the re spira.tory ouotient curve of 

G. pennsylvanicus. rYeuly l aid e ggs sh o-vreè. 2. respir a tory quotient 

near uni ty anè. a s t h e development proceeded the quotient fell, 

8.n 6 on the fourth è.ay i t reachecl a vcTtie of O. 65, Hhich 1-ms the 
Th en 

minimum v e.lue C:urins the pre-diap s.use period. ~the v alue began to 

rise anc~ on the sixth d e.y it re2.chec' 0.94- viücb. continued until 

seventh de.y. Fron this high value a drop occureè_ in the quotient 

and on the tenth ds.y the value bec rune o. 23. Durihg the next 

ti·Jenty days the v alue of the quotient uas very variable. In the 

c a se of post-diapause development the value of the respiratory 
less 

quotient \·ras more or ~constant and i t vras arormd 0. 7 varying 

between 0. 63~ and 0.732. 

4-. Discussion 

During the entire period of embryonic development of 

G. veletis the respiratory metabolism continued to rise. It fell 

only at the time of hatching. A similar fall in the oxygen 

consumption has been noted by Tuft (194-9) in Rhodnius prolixus, 

another hemimetabolous insect. The rate of increase of oxygen 

consumption v-ras not the same during the entire period of develop-

ment, for during certédn stages of development it vms only slight, 

as h appened 2-t the tiue of katatrepsis. 
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~ 1 

Doys _. 

l:jlig. 23. Respira.tory quotient of the eggs of G. pennsylvanicus 

during enbryonic developr!lent. Pre-die.p ause period 0-5 days; 

di apaus e period 6-30 days; post-diapaus e period f rom e.rrm·r to 

12 days . 



During the e:mbryonic development of G. pennsylvm'licus the 

oxyc;en consunption also rose and continueci rising until the fifth 

day. Then it beg an to f all. This n eans that ~ the eï•lbryos 

entered 6i apause e.t this tiE1e. The r a te of up ta};: e continued 

falling rmtil the tenth day 'Hhen the Véüue reached one-ninth of 

the maxir:ru•·J pre-diapa.use value, and tb.is fall -vras mainta inecl for 

a further period of ten days. This shm·!S tha t t:1ere vras no 

furtl1er cJ.evelopr:.1ent in the embryos for a t l east f i f teen à.ays. 

The present study , t herefore, supports the contention t hat every 

e:;1br yo enters diap aus e émd renains in a cliêo.pause condition for 

a period of at l east fifteen days. It al so inplies that in 

G. pennsylvaaicus diapause is obligatory as h a s been pointed out 

alreaè.y (see Sections V and VI). A similar k i nd of fall in 

resp i r a tory nete.bolislJ l12,s been noted i n t h e enbryos of Eelanoplus 

d ifferentialis (Bo6.ine, 1929; Boell, 1935), BoE1byx (Ashbel, 1930; 

1932) and Lynantria di s par (Tu~eschlcov, 1935) , althouc;h in these 

i nsects t h e f all t 2Jœs pla c e a t è.iffer ent s t ages of dev elopoent 

s ince t heir embryos enter d i apause at di ffer en t s t ages. 

It h a s been sho~m previously (see pa ge 92 ) tha t t h e en bryos 

of G. pennsyl v ani eus ent er morphologie al d.i ap3.1J.Se after abou t 

lOO ho1..1.rs of i ncubation a t 23- 26 ° C. In this experi oent the e ggs 

\·re re i ncubatecJ. a t 28° C. e.nd t h eref ore i t 21ay be presumed t ha t t h e 

eggs entered norphologi c al d. i e.pa,J.s e 2. litt le e a rlier - s ay, after 

96 hours . ? r oE1 the studies of t h e respira t ory met aboli sm i t becoues 

c l e2.r t hat t he en br y os t ake one day l onger t o enter physiological 

cl. i apau se , and on t he t enth day they en t er a conplete diapau s e 
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c ondi ti on. As grm.:th is resl.lY!led by the post-cUapause embryos the 

oxygen consu.mption ris es, hm·rever, the rate of increase is not 

che sartle throughout the entire post-cliapause development. Further 

the embryos take about three days to reach that rJaXirilunl rate of 
they 

oxygen consur;1ption Hhich ,(experienced during pre-O.iapause state. 

The respiratory quotient curve for the embryos of 

G. pe!"l..nsylvanicus is very similar to that for the embryos of 

Lelanoplus O.ifferentialis o.uring the pre- and post-diapause stages 

(Boell, 1935). It is therefore probable in the case of 

G. pennsylvanicus, the.t during the first day of development (as 

in E. 0.ifferentialis als6) the chief r;Ietabolite for conbustion 

is carbohydrate, that during the post-diapause period it is fat, 

and that fat is the chief metabolite during embryogenesis. 
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:CC. CONCLUSIONS 
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IX. CCHCLUSIOES 

A comparative study of the sounci-producing organs of Gryllus 

rubens, G. assimilis, G. veletis and G. per~1sylvanicus reveals 

that the size of tegnen, harp,resonator and file have little or 

no taxonœüc value. The tooth number and s:1npe in the file, 

ho\'Jever, are useful addi tional characters for ti1e identification 

of Elales of different species of Gr'Illus. There is some overlap 

in tooth nurnber betï.·reen G. pennsylvanicus and G. veletis, but 

even in these morphologically very similar species the majority 

of male specimens can be distinguished by the number and shape 

of the stridulatory teeth. There is also sone snall difference 

in the venation, particula.I'ly of the l1.arp, at least in populations 

froEl t11e s2ne area (Handell, m1published), but it is not yet 

knm-m if such difference is consta.nt for the tuo species. 

The stridulatory orr;2.ns of both the tegmina in each species 

are equally efficient. The removal of the lateral or apica.l parts 

of either or both tegmina does not affect the modulation quality 

of the song; it only lm·rers the intensity. At the tir;1e of 

strichüation only about one-third of the file is en[.aged by the 

scrél_per a~1cl. i t is the inw:Œd movement of the tegmina that produces 

the song. T~1e kind of song depends on the elev2.tion of the tegnina. 

A pulse is pro6.uced uhen the tegŒine~ nove im·rard, follm-Jed by a 

non-pulse period due to out1·rard nover:1ent of the tegmina. Each 

pu~se consists of a nwaber of 1 spikes' (se en in audiospectrogr2.phs) 

e2,ch of 1·rhich is formed by a tooth being struck. 
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The structure of the fernale and nale reproductive organs of 

G. pennsylvanicus e.nd G. veletis is described in brief, but the 

two species shov no significant differences either in morphology 

or development. In this thesis, however, the shape of the male 

phe.llic structures has not been exhaustively studied. Certain 

differences in their structure do exist, at least in populations 

from the ssHe area (Tiandell, unpublished), but it is not yet 

knovm if such differences are const2.nt for the t110 species. 

Similarly the length of the oviposi tor à.iffers betvreen the two 

species (Alexs.nder and Digelm-T, 1960), but not absolutely. 

The rudiments of the ovipositor valves arise, one pair on 

each of the eighth and ninth sterna, in the thirà instar; those 

of the eighth do not divide and directly develop into the 

anterior ovipositor valves; those of the ninth divide to form 

the latera.l and inner pairs of oviposi tor valves. In the fifth 

instar a pe.ir of lé'.teral pouches are formed in the intersegmental 

nenbrane behind the seventh stern'Lun, Fhich le.ter fuse to form 

the subgeni t2,l plate. 

The oviducts are present in the first instar émd extend up 

to the posterior margin of the seventh sternum, each terminating 

in a holloH ar:1pulla. In the sixth instar the conr:1on oviduct 

develops e.s a thickening on the ventre~ surface of the dorsal 

vmll of the subgeni tal plate, a11.d the sperma.theca as an 

invagination in the eighth sternum. 
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J:he rn.ale gonopore has a pair of lateral lips and a ventral 

fold., the latter remains upturned, covering the lateral lips and 

gonopore, and occupies the cavi ty of the spernatophore chéŒJ.ber. 

~·Jhen the spernatophore is present in the genital cavity, the 

ventral fold is extruded and supports the spernatophore ventrally. 

The latere.l lips become relea.sed 2nd thus support the spermatophore 

from the sides. 

In the sixth instar the interseg.Qental meubrane behind the 

ninth sternun develops a pair of penis lobes in the dors al part 

and a median sclerotization in the ventral part. The penis lobes 

do not divide but fuse together in t he middle line, and from 

their junction evaginates the dorsal prong; thespermatophore 

guide is forned from the nesial nargins of the penis lobes and 

the part of the nembr .one l ying betvreen ther:t, i;Thile t he bifid 

l ateral prongs f rom the s ides of the guid.e. The ventral 

sclerotization f orms the ventral fold. 

The vasa deferentia are present in the f irst instar extending 

up to t he posterior margin of t he ninth ster nun each t erminating 

in a hollou amp1.ùla. The left arapulla overgrm·rs the right one e.ncl 

becŒnes l ooped . The ej acula tory duct develops in t l:1e third instar 

in t he intersegment el nembrane behind the ninth sternun and l ater 

extenàs and f uses vri th the aLlpullae of the vasa def erentia. The 

accessory gl ands arise from the posterior fused part of the 

ampvllae of the vasa deferentia . 
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It is conclusi vely shm·m that the oviposi tor of the female 

and the phallic organs of the m.e.le arise as ne"VJ structures in 

the post-embryonic stages and have nothing in comrJ.on iÜ th the 

embryonic abdor.1inal appendages v!hich are resorbed long before 

hatching. 

The embryo of G. assimilis arises at the posterior pole of 

the egg after about 36 hours of incubation at 23-26°c. A brief 

a ccount of the morphological development of the embryo is given 

and the characteristic features of the various stages of the 

living embryo, l.'!hen inside the egg , are also d.escribed. 

Blastokinesis has been studied in the living egg. Anatrepsis 

begins on the third day of incubation G.nd becanes cmnpleted in 

about 21 hours, ·uhi1e katatrepsis starts on the seventh day and 

taJ~es about one G.nd a ha1f day to reach comp1etion. The movenent 

of the posterior part of the abdomen is a most interesting feature 

of l·G3.tatrepsis. 

The axmion and serosa are form.ed by the end of the first 

day of incubation, the development of the seros e.l cuticle begins 

during the second day and by the end of the fourth day che cutic1e 

becomes sufficient1y thick to permit separation from the chorion. 

The ental 112embrane arises from the sides of the trough-1ike 

dorsum of the e mbl"YO on the fifth day of incubation. 

In G. pennsylvMicus deve1opment is arrested Hhen ti1e embryos 

are in any one of the three stages cor1p1eted in 92-100 hours of 

incubation at 23-26°c. but the stage a t l!hich i t enters diapause 
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is not attainec!. lmti1 about 1 00 hours. Further c3.eve1opment of the 

embr yo beyond this 11diap2..us e stage 11 may occur under conditions of 

constant tenperature but i t is very irregular . I:ggs uhich ha.ve 

completed diapause resrm1e rep:ùe.r development similar to that of 

non-d.i2.pause S:!Jecies. 'J:'here E1ay be slight development during the 

period of cold treatoent, probabl y to bring embryos of earlier 

stages of development into the diapause condition. 

~;he r.wrphological development of the embryos of 

G. pennsylve,nicus is nore or les s similar to those of G. veletis, 

G. assirailis and G. rubens, provided they are given cold treatment 
0 

for a rJinimtù.":l period of three months a t 6-7 C. 

The eggs of the four species of Gryllus are so sülilar 

morphologically that it is not pos s ible to distinguish those of 

one species from those of another. The embryos also are al Bost 

indistinguishable; only at a very l ate sto.ge c2.n thos e of 

G. pennsylve.nicus be sep2.rated from those of G. veletis and the 

ether species by the presence of a brm·m b2..nd at the base of the 

post-peè.ic e1 of t he antenna and by the orange c o1oured cerci. 

G. pemJ.sylva.lücus in natm"'e has a m1ivoltine life cycle. 

In the l abore.tory i ts e g3: s enter diél~;aus e after Hbout four days 
0 

of incuba tion e.t 28 c. ~·r!.1en the er1bryos are in the post- e.n él.trepsis 

stage. The diapa~)_se is obligatory, but the so-called 1 intensity 1 

of di ap ause varies greatly in different e g.::s. Seme hatch 28 à.ays 

after oviposi tian ~:rhile ethers require l l.rO d2.ys uhen incub a t ed 
0 

continuous ly a t 23- 28 C., m1der the s e condi tians ab01.1.t 50 per cent 
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of the eges hatch. A perie~ of cold treat~ent increases the 

percentage of hatching, the increase being greater as this period 

is lene;thened. 

In egr; s exposeè to 6-7°C. f or varying peï~ioci.s ë.fter incuba ting 

for periods of four to thirty-eight days at 28°c., t he effect of 

the col ci trea.tment is to ï~educe the 1 intensi ty 1 of dicèpa.use. Cold 

trea tr1ent for 90 days or more causes virtually coGplete terr:lination 
0 

of diapause. Such eggs require further incubation at 23-26 c. for 

aboutfOurteen to sixteen days to complete their development. 

Fluctuating '\·rarm and cold temperature on the eggs has a more or 

less similar effect to that produced by more stable temperature 

regimes and does not have any demonstrable effect on the resumption 

of morphogenesis during the period of treatment. 

Eggs laid by young females (i.e., early in a season) have 

a longer pre-hatching period than those laid bymiddle-aged 

females (i.e., late in a sea.son). The longer pre-hatching period 

needed by the former thus minimizes the chances of their ~atching 

bef ore the ons et of \:Tinter and the re su~ t e.:nt vrin ter-killing of the 

ny:-:1phs 1rhich a.re not colcJ.-hardy. 

The behavior of the ege;s, e.s observed i n t he laboratory, is 

p!'eS'ù.Ele.bly of creat significance in the life of the cricket in 

the fielci a.ncl ·che different fa.cu~ties, d.eveloped by the eggs, 

en2.ble t~1e species to overcome the I'igoul'S of cold at every stage 

of enbryonic clevelopment . One physiological effect of the cold 

treG.-cnent (1rhich may be indirect) appears to be that the yolk 
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becomes ser..li-fluid, thus possibly e.llouing its easier assimilation 

by the embryos so that grm·rth is speedecl up Hi th t~1e re sul t that 

almost all eggs hatch within a relatively short period of time. 

It is suggested t hat the non-availability of suitable food for 

the Œibryo may be one of t h e causes (though not necessarily the 

prinary cause) of di ape.use in G. pennsylvanicus. 

Pre-die.p2.use e ggs of G. pennsylvanicu.s , e.fter being incubated 

for one to five days a t 22-23°C. and then exposed to 6-7°C. for 

three months sho,.,.r differences in the percentage 'I:Thich hatch. :Cggs 
0 

incubated a t 22-23 c. for one day only c5.o not hatch and die, 

uhile the percentage of hatching of other eggs varies fror!l 30 to 
0 52 depending on the length of ~ initial exposure to 22-23 c. 

i:~os t of the emergenc e is cor:J.pleted bet,:-reen thirteenth and sixteenth 

day of f ine.l incubation. 'l'hu s cold treatment of pre- di apause eggs 

for a period similar to tha.t require( by eggs v!hich had already 

entered di2.pe.use terEünates di2.pa.use alnos t coDpletely, provided 

the embryos have pa ssec5. t he e arli est s t a ge of develop~ent. 

0 
Pr e-àiape.use eggs continue develop i ng at 6-7 C. until t h ey reach 

diapause s t a ge. The phys iological effect of t he cold trea t ment 

on pre-diapause e ggs is siuilar to t hat on diapaus e eggs , namely, 

the yoll;: becomes a ssin ilable. It he..s be en suggested t hat the t erm 

1diapause development 1 c oined by Andrewartha (1952) to expla in 

the effect of cold on di apause e ggs is n isleading and may not be 

u sed f or G. pennsylvanicus e ggs. 
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Post-cüapause eggs can vi thstand exposure to 6-7°C., but as 

the percentage of hatching is slightly reduced, the treatment 

e.ppea.rs to be detrirùent~ü to some extent. It has been suggested 

that the post-Di2pélJJ.se er.1bryos take 2.bout three days to become 

norï:léÜ before resum.ing è_evelopment. 

The rate of oxygen consumption rises o.s the embryos of 

G. veletis grm.1 and reaches a high value of 48 cu • .r:lffi. per 100 

eggs per hour shortly before hatching; at the time of hatching 

the rate falls to a value of 1.~2. 
the 

During jer.1bryonic development of G. pennsylvanicus the rate 

of respir0.tion continues rising un til the fifth day, after Hhich 

the rate falls off to 2.bout one-ninth on the tenth day. This 

value is naintained for 2, further period of ten days. In the 

post-die.pause eHbryos the rate of oxygen consu.mption rises 

continuously throughout the entire period of development. The 

studies reveal that the diapause in G. pennsylvanicus is obligatory 

e.nd t:1at the enbryos enter physiological diapause one day later 

th2,n the morphological dia.pause e.nd enter a cm:1plete diapause 

candi ti on after 2:. further period of fi ve days. 'l'he post-diapaus e 

embryos talee three days to reach the maximum rate of respiration 

of the pre-è.ie,paus e perio6. 

In conclusion, therefore, it nay be stated that, e.lthough 

there are soDe ~Jinor norphological differences betueen post-

eD.bryonic G. pennsylvanicus 2,nd G. veletis, they have not so far 

proved very reliable for separating the two species. Differences 

in the Ewrphology, biology and physiology of the enbryos, hoFever, 

sh011 that t!:1e tuo are abu .. 'îô.a.ntly distinct. 
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1. The size of ho.rp, resone.tor G.nd file of the stridulatory 

orge.ns hEve little or no taxonon ic v2.lue, but tooth nrunber and 

shape in the file can be used in the identif ication of different 

species of Gryllus. 

2. A comparative study of the soun6-producing orgçms of 

G. pennsylvc:micus and G. veletis reveals t hat there is a distinct 

difference in the rneans and the ranee of v ariation in the tooth 

number in the file bet\'reen the t·Ho species, G. pennsylv&nicus 

having rllore teeth on the average. Unforttmately the overlap in 

tooth number is s o g1"'e2.t tl18.t this chçn"'a c ter is of very limi ted 

value in distinguis!ür:g bebreen them. The shape of the individual 

teeth, however, is very slightly different in the two species. 

Due to t 11e overla.p in tooth· ntuber the t v o s pecies are very close 

in song character. 

3. 'rhe s tridu~atory orzans of both te gu ina are eque.lly 

efficient in all species of Gryllus stuc~ied. At the time of 

striotù e.tion only about one-third of t he fil e is engaged by the 

scraper and it is t h e im:Tard moven ent of the tegmina. that produces 

t he soUild . 'l 'he kind 0 f song depends on the elevation of the 

tesmine .• 

4. The structure and developr;1ent of t h e reprodl}.ctive orec:ms 

of G. nen:.11.svl v e.n i c:..~s e.nd G. v eletis a.re virtuE:.lly, if n ot 

e.bsolutel y , iclentical. 'i1he oviposi tor of the f ewale and the phallic 

orzans of the uale e.rise a s ne-vi structures in the t hird and s i xth 

instar respectively c.nà. are not forYJed from t h e eiJbryonic 

appendB.ges , which are resorbed long bef ore ha t ching . 'ï:he subgeni t al 
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plate of tl:le fenale arises as 2 pairec~ structure in the 

intersegmente.l r1embrane beb:reen the seve:nth and eighth sterna. 

The co11110n oviduct of the female and the ejacula.tory duct of the 

male also develop in the third and sixth instar respectively. 
u. 

).It is not possible to distingjLsh the er=;gs of 

G. pennsylvmücus fron those of G. veletis. J:he embryos are also 

e.lr.wst ·t-ri thout characters ,,.Ihich may help in distinguishing one 

species from the other; only at a very l10/ce stage can the enbryos 

of G. pennsylvanicus be separated fror1 those of G. veletis by 

the presence of a brm:m ba.nd at the b2.se of the postpedicel of 

the antenna and the ore.n.ge coloureci cerci in the forr.1er species. 

6. The esbryo of G. assinilis (a species allied to 

G. pennsylve.nicus and G. veletis and having a regular à.evelopment) 

arises at the posterior pole of the eg~. Anatrepsis and katatrepsis 

e.re completecJ. in about 21 and 36 hours respecti vely. The annion 

and serosa G.re forned on the f irst day ·Hhile the serosal cuticle 

and entE,l 111embrane arise on the second and fifth day of incubation 

respectively. 

7. The eggs of G. veletis continue regular development and 

hatch after about seventeer~ to b.-renty éays 1rhen incubatecl at 
0 

23-26 C. In G. _pennsylvanicus developr:1ent is e.rrested after e.bout 
0 

four days at 23-26 c., i.e., they enter dia.pause in the post-

anatrepsis stage. After re~aining in this state for sorne time, 

s ome of the e:Jbryos rJay re sune fur th er developnent, but this is 

very irregular and the 1 intensity 1 of diapause varies greatly in 
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different eggs. Sone e ggs ha tch 28 days after oviposition while 

ethers hatch only a.fter 140 6_ays of incubation al though laid at 

the sar,le tiue. 

8 . Hm._rever, 1-Ihen di c:.pause eggs are exposed to 6-7°C. for 
0 

three IilOnths or nore and then finally incubated at 23-26 C. all 

hatch after abo'-lt fourteen days. Thus the active à.evelopmental 

period (about 18 days in a.ll) is more or less the same as that 

of the eggs of G. veletis. Pre-diapause eggs viill continue to 
0 

develop at 6-7 C. un til they reach the diapause stage, after \:!hi ch 

their behaviour is simil a r to that of diapause eggs. 

9. One physiological effect of cold treetment appears to be 

that the yolk bec ornes se!7li-fluid thus allm"!ing i ts easier 

ass irülation by the er,lbryo. ITon-availabili ty of sui t able food 

r:1ay thus be one of the causes of die.pause. 

10. Respiratory rnetabolism during e~bryogenesis in G. veletis 

continues rising until hatching tine, i.~~' it does not fall 

during developElent except just before hatching. In 

G. pen.nsylvanicu s respiratory metabolislll falls c..f ter the embryo 

has completed about one-fourth of its development (i.e., after 

the fifth c,G.y of incubation a t 28°c .), continues <iropping for 

some time (to about one-nin th of i ts f orr1er v a.l ue by the tenth 

day) , and remains at t h is lo"H level for a further period of about 

ten days. During post-diapause development the oxygen consurn.ption 

ris es a gG.in continuonsly. 
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11. f.:..lthough G. pennsylve.nicus a.no G. veletis in the 

post-enbryonic stages are so similar morphologically that it is 

not possible to separate them satisfactorily from each other, 

the ci::aracters of the la te enbryœ n ay be used in àistinguishing 

betueen the>,l. In n orphologic al de·velopment the eEibryos of the b:.m 

species are QUite distinct: those of ~ennsylvanicus cease 

further developr:1.ent soon after sülking into the yolk, uhile the 

embryos of G. veletis continue development vrithout a break. 

12. Furti1er, eggs of G. veletis, laid at the same time, all 

hatch vii thin three days of one another, vrhereas those of 

G. pennsylvanicus, also laid at the s ane tii;le, al\·rays hatch over 

a longer period than three days, unless they are given a cold 

treatnent for three months or more, after 1·rhich the hatching 

period is reduced to about three days also. 

13. In conclusion, it n ay be s a id that present studies 

reveal that the morphological, biologie al 2.nd physiologie al 

char2..cters of the embryos appear to be t he only characters so far 

ciiscovered lrhich are of practical value in separating the t-r.·.ro 

species, G. pennsylvanicus and G. veletis from each other. 

Certain post-embr yonic morphologicéÜ and behavioura.l differences 

exist but they are too variable to be considered reliable. ~t least 

u..YJ.til nuch ~?l ore 1·:or k is done in this field . 



( 164 ) 



( 165 ) 

AlexD.nôel', R. D. 1957. The taxonomy of t l:.e f ield crick ets of the 

:Sastern United Ste.tes (Orthoptera: Gryllidae: Acheta) • 

.Ann. ent. Soc. ~\.r:1er. 50: 58L!--602 . 

Alexander, R. D. and B~~elow, R. S. 1960 . Allochronic speciation 

in field crickets and e. ne1·! species, .Lchete. veletis. 

2volution, 14 : 334-346. 

Allard, H. A. 1 929a . Physiologica1 differentiation in overwintering 

individual of certain nusice.l Orthoptera. Canad. Znt., 

61: 195-198 . 

P.l1ard, E . A. 1 929b . Our insec t instrw.1entalists and t h eir ~~ 

technic·lu.e. A1m. Rept. Smi ths. Inst. for 1 928 : 563-591. 

Andrev~rthe., =r . c. 1 943 . Diapause in the eggs of Austroicetes 

. t "' ( A . , . ' ) • .._ , t • '1 f cruc1a a . .::>OJJ.S s. ~.,_crlo.lo.2.e , "~Jl v.t1 par lCU.-1-él.r re erence 

to the influence of teï,lpera ture on the elimination of 

di ap él.iJ.se. Bull. ent. ~:les., 3L1-: 1-17. 

Andrewartha , H. C. 1 952. Di ape.use in rel ation to eco1ogy of 

i nsects . 3 io1. Rev., 27: 50- 107 . 

1l..rgo, V. lY . 1 939 . The effect of tempera ture upon oxygen consumption 

of certain e.du~ t insects and insect eggs. Ann. ent. Soc. 

Amer ., 32 : 147-163. 

i\shbel, R. 1 930 . Slü r ic 2.11b io gassoso delle. uova ba.chi da seta 

(Bombyx mori 1.). Protopl a.s:~Ie. , 11: 97-117. 

Lsl.1bel, R. . 1932 . Sill ric aElb io ga.ssoso delle. uove. bachi da seta 

(3 odl;yx u ori L.). Protopl e_SjJa , 1 5: 177-187 . 



( 166 ) 

Beclcer, ::::;. 1932. en the evolution of externa.l genitalia of 

Ptel~ygota (In Rus sian l'Ti th Gernan SUJ:1mary). Zool. Zh., 

11: 173-191.1-. 

Bigelow, R. s. 1958. 3volution of field crickets, Acheta assimilis 

Fab., Canad. J. Zool., 36: 139-151. 

Bigelo'\-r, TI . • S. 19602.. Interspecific hybrids and speciation in the 

genus Acheta (Orthoptera: Gryllida.e). Canad. J. Zool. 

33: 509-524. 

Bigelou, R. s .. 1960b. Developmental rate and diapause in Acheta 

pennsylvanicus (Burmeister) and Acheta veletis Alexander 

and Bigelow (Orthoptera: Gryllidae). Canad. J. Zool. 

38: 973-988. 

Beiv-Benko, G. Y. 1928. Synopsis of the nymphs of the vJest Siberian 

Grasshoppers (In Russian 1·rith English summary) Trud. 

Sibirsk Inst. s.-IG1. Lesovodstova, 9, 39 pp. (Reprint). 

Blatchley, U. 8.1903. The Orthoptera of Indiana. Ann. Rept. Ind. 

Dept. Geol. and nat. Resources 27: 127~1-71. 

Bla tchley, U. S. 1920. Orthoptera of Eortheastern 1\..L.lerica v.ri th 

special reference to the faunas of Indiana and Florida. 

Indianapolis, Ind. pp. 1-784. 

B odenb.ei: ~l er, 7. S. " 11 " ~' l1,1l ov r. 19~)1 C~- C. Ù--l·- ' ..;..1.. ./ • :::;eg è.evelopment and 

ôiape.use in the Lorocc an Locust. Bull. Hes. Coun. Israel, 

~ r• o 7r-' 1 • . ., · - ) 
..l.e /./ • 

3odine, J. II. 1929. Factors influencing the rate of respiratory 

uetabolisu of a developing egg (Orthoptera). Physiol. 

Zool. 2: 459-482. 



( 167 ) 

Badine, J. H. and Boe11, ~ . J. 1 936 . Respiration of embryo versus 

egg (Orthoptera). J. Ce11. Corlp. Phys io1. 8: 357-366 . 

Boe11, z. J. 1935. Respiratory quotients during enbryonic deve1op­

ment (Crthoptera). J. Ce11. Conp . Physio1. 6 : 369-385. 

Borner, C. 1921. Die GliedHassen der !:.rtl1ropoc~en. I n : Lang 1 s 

I~ndbuch der wirbel1osen Tiere, 4: 649-694. 

Barrer, D. J. 1954. AucUo-spectrogra.phic analysis of the song of 

the cone-headed gr asshopper, Heoconocephalus ens iger 

(Harris) (Orthoptera: Tettisonii(ae). Ohio J. Sei., 54: 

297-303. 

Br ook es, E . E. 1 952 . The norphologica.1 cievelopment of the eubryo 

of Gry1lulus commodus Halker ( Orthoptera: Gry1lidae). 

Trans. 3 . Soc. s. Australia, 75: 1 50-159. 

Brm·rning , T. 0. 1 952 . On the r a te of comp1etion of di apause 

c3.evelopment at constant tm:1pere.ture in the e ggs of 

Gry1lulus connodus Halker. Aust. J . Sei. n es. B, 5: 

34~--352 . 

Burè.ick , E . c. 1937 . The effect of exposure to 1m·r tempera ture on 

the developmental time of embryos of grasshopper, 

1:e1anoplus differentia1is (Orthoptera.). Phys iol. Zoo1. 

10: 156-170. 

Burkholder, J . n. 1 934- . A quantitative study of respiratory 

!:1et2.bolism in single developing egg (Orthoptera ). 

Physiol. Zool . 7: 247- 270 . 

Cantrall , I. J . 19L:-3 . The ecology of t h e Orthoptera anëi. Dermaptera 

of the George Reserve, Li chi gan Univ . l ~i ch. ï.-~us . Zool. 

Elise . Pu"bl . 54: 1-132 . 



( 168 ) 

Carothers, .S . E .. 1923. II otes on taxonomy, development, and life 

history of certain Acrididae. Trans. AQer. ent. Soc. 

49: 7-24. 

Chopa r d , 1. 1920. Récherches sur l a conforill.ation et el développe­

ment des derniers segments abdominaux chez les 

Crthopt~res. Th~se Rennes: 1-362 . 

Chopa.r d , 1 . 1955. Fot es S'lU' un Grillon gynandror.wrphe provenant 

du Congo Belge . hem. Soc. Roy. Ent . Bele . 27: 153. 

Church, E. S. and Salt, R •. VI. 1952. Some effects of temperature on 

developuent and diapause in eggs of Eelanoplus bivittatus 

(Say) (Orthoptera: Acri di dae ). Canad . J. Zool. 30: 174-

184. 

Cragg, J. B. and Cole, P. 1952. Diapause in Lucilia sericata (Kg .) 

Diptera. J. :t::xp. Biol. 29 : 600- 604 . 

Criddle, îT . 1925. Field crickets in 1-lanitoba. Canad . 3nt. 57: 79-84. 

D'Roze,rio, A. l-l . 1942. On the development and homologies of the 

genitalia and t heir ducts in Hymenoptera . Tr ans . R. ent. 

Soc. Lond. 92 : 363-415 . 

Dupuis, C. 1950. Origini et développnent des organs génitaux 

externes des mâles d 'ins ectes . Année Biol . (3) 26 (1-2): 

21-36. 

Else, F . 1. 1934. The developmental anatomy of male genitalia in 

Melanoplus differentialis. Locustidae (Acrididae), 

Orthoptera . J . Lorph . 55: 577- 610 . 

Fink , D .. ;::; • 1925 . Eetabolism during er:1bryonic and metamorphic 

à.evelopment in insects. J . Gen . Physiol. 7: 527- 2l.f-3. 



( 169 ) 

:2'olsom, J. vi . and Uoke, P. A. 1939. The field cricket i n relation 

to cotton plant in Louisiana. U. s. Dep. Agric. Tech. 

Bull. 642~ ~=~ 1-2-8 

Fulton, B. B. 1952 . Speciation i n the field cricket. Evolution, 

6 : 283-295. 

Frings, H. and Frings, li. 1957. The effect of temperature on 

cl:flp-rate of nale cone-headed grasshoppers, 

Neoconocephalus ensiger. J. Exp . Zool., 134: 411-425 . 

Frings, H. and Frings, L. 1958. Uses of sounds by insects • .Ann. 

Rev. Ent. 3: 87-106 . 

George, B. v! . 1950. Preha tching development of some species of 

Acrididae. Las ter 1 s thesis, Unpublished , State Univ. 

of Iowa , Iowa City, Iowa. pp. 25 . 

Gupta, P. D. 1948. On the structure, deve1opment and homology of 

t he fenale reproductive organs in orthopteroid insects . 

Indian J. Ent . 10: 75-125. 

Gurney, A. B. 1950. The Linnaean subgeneric names of Gryllus 

( Orthoptera). J. ~;Tashington Acaci . Sei . 40: 409-l~l3 . 

Gurney, A. B. 1951. The names of the field and house crickets. 

J . econ. T~nt . lf-4- : 611. 

Gustafson , J . F. 1950 . The origi n and evolution of t he genitalia 

of the insects . Licroentomology . 15: 35- 67 . 

Eey:;10ns, n. 1895. Die ::2mbryonalenh!ickelung von Deruë.pteren und 

Orthopteren unter besond.erer Berü.ck sichtigllilg der 

Keü:b1'àtterbildung . Berlin. VI II , 136 pp. ZII pl. 



( 170 ) 

Heynons, Il .. 1896. Zur 1-J:orphologie der AbdominalanhËmge bei den 

Insekten • horph. Jahrb. 24: 178-204. 

Heymans, R. 1897. Bemerkungen zu den Ansche.uung Verhoeffts über 

die .PJ.bdomina1anhanr;e der Insekten. Zoo1. Anz. 20: 401-404 

He~aons, R. 1899. Der gorpho1ogische Bau des Inscktenabdomens. 

Eine krj_tische zusar.'illlenstellung der 1-resentlichen 
oto 

Forschungsegebnisse auf anatomischen und embr~gd.,schen 

Gebiete. Zoo1. Centralbl. 6: 537-556. 

Hodson, A .. C. and Ueinman, C. L. 1945. Factors affecting recovery 

from diapause and hatching of eggs of the forest tent 

ce.terpill2.r Lalacosona dis stria Hbn. Tech. Blùl. U. 

Einn. agric. ~xp. Sta. no. 170, 31 pp. 

Eogan, T .. U. 1960a. The onset and duration of cl.iapause in eggs of 

Acheta cœmwdus (Halker) (Orthoptera). Aust. J. Biol. 

Sei. 13: 14-29. 

Ho gan, T. H. 1960b. 'l'he effect of sub-zero teraperatures on the 

enbryonic diapause of Acheta comnodus (Halk.) 

(Orthoptera). Aust. J. Biol. Sei. 23: 527-640. 

Hubbell, T .. E .. 197-J-. The nBrling of geographie ally variant 

populations. Syst. Zool. 3: 113-131. 

Eubbel1, T ._ H. 1956. Sone aspects of geographie v2,riation in 

insects. Aru1.. Rev. :Snt. 1: 71-88. 

J'obin, L. 1961. Ti1.e ny.mpha1 instB.rs of certain .L':..1:1erican species of 

Gry1lus (Orthoptera: Gryllidae). Eé\ster 1 s tllesis, 

Unpublished, lie Gill uni v. , Lon treal. 131 pp. 



( 171 ) 

Kevan, D. IC. Ec}::;. 1944. The bionomics of the neotropical cornstalk 

borer, Diatraea lineolata Wlk. (Lepidoptera: Pyralidae) 

in Trinidacl. Bull.ent. Res. 35: 23-30. 

Kirby, W. F. 1906. Orthoptera Saltatoria. Part I (Achetidae et 

Phasgonuridae) Syn. Car. London, 2: VIII~562 pp. 

Kogure, L:. 1933. The influence of light and tenperature on certain 

characters of the siL"!{i,rorm. Kyushu Imp. Univ. Dep. 

Agric. J. 4: 1-93· 

Le Berre, J-R. 1952. Le phénonene de la blastocinèse dans les oeufs 

~ diapause de Locusta migratoria gallica Rem. C. R. 

Acad. Sei., Paris 234: 1487-1489. 

Lees, A. D. 1953. Environ .. r:'lental factors controlling the evocation 

and termination of cüe.pause in the fruit tree reel 

spider mi te Lete.tetranychus ulmi Koch. (Ac ar ina: 

Tetranychidae). Ann. IA,.ppl. Biol. 40: 449-486. 

Lees, ~f1~. D •. 1955. The physiology of diapause in .Arthropods. 

Cambridge Univ. Press. 

Lees, A. D. 1956. The physiology and biochemistry of diapause. 

Ann. nev. ~nt. 1: 1-16. 

Loher, 1'!. 1957. Über den Aufbcm und die ~::ntstehung der Gesange 

einiger Feldi.'leuschreckenarten tmci den Einfluss von 

Lautzeichen e.uf das alcustische Ver hal ten. Z. ver[;l. 

Physiol. 39: 313-336. 

Luè.Hig, D. and Fugneister, H. 1955. Respiratory metabolism and 

activities of cytochrome oxidase and succinic 

dehydrogenase during the embryonic development of the 

Japanese beetle, Popillia japonica Ne~~1an. J. Cell c:Pmp. 
Physiol. 45: 157-165. 



( 172 ) 

Lutz, Ii'. ::::;. 1908. The variation and correlations of certain 

taxonomie characters of Gryllus. Publ. Carnegie Inst. 

uashington, 101: 3-63. 

EefoètJnda, R. 1958. On the origin of the external geni talia of 

insects. Ann. ent. Soc • .Amer. 51: Sl..r--94. 

Eatthée, J. J. 1951. The structure and physiology of the egc of 

Locustana pardalina (Halk.). Sei. Bull. Dept. Agric. 

Sr Afri., 316: l-83. 

EciJeill, J. 1889. notes on Gryll us and Oecanthus. ~~ntomologica 

Americana, 5: 101-104. 

Eelvin, R. 1928. Oxygen conswnption of insect eggs. Biol. Bull. 

55: 135-142. 

Eetcalfe, E. E. 1932. The structure and development of the 

reproductive organs in the Coleoptera with notes on its 

homologies. Quart. J. micr. Sei. 75: 49-125. 

Liller, A. 1940. Embryonic membranes, yolk cells and morphogenesis 

of the stone fly, Pteronarcys proteus Ne"~;Jman. Ann. ent. 

Soc. Aner. 33: 437-476. 

Eoore, H. H. 1948. Variations in the fall embryological development 

in three grasshopper species. Canad. Ent. 80: 83-88. 

Euroga, H. 1951. On the resumption coefficient of inhibitory 

substance in siDn·roru ege;s (In Japanese, English ti tle) 

J. Serie. Sei. Japan 20: 92. 

Nel, R. 1929. Studies of the development of the genitalia and 

genital ducts in insects. I. :5'enale of Orthoptera and 

Dermaptera. Quart. J. mier. Sei. 73: 25-85. 



( 173 ) 

Pa r k e r , J. ~1 . 1 930 . Sorne effect of tempera t ure and noisture on 

Lelanoulus mexicanus Saussure and Gamnula uell ucida 

Scudder. Bull. t lont. Agric. IGxp. Ste .• no. 223 , 132 pp. 

Pumphrey, R. J. and Ra\·rdon-Smith, A. }, . 1 939 . J?requency 

d.iscr ülina tion in insects: A ne1·r t h e ory. Nature 143 : 806 . 

Pur.1phrey, R. . J. and :i:-1m·rcion-Sm.ith, i-'.. . ?. 1 940 . Hearing i n insects. 

Biol. Rev. 15: 107-132 . 

Qa dri, l·.L . !'.. . II . 1 940 . On t he development. of t h e geni t alia and 

t heir ducts of orthopteroid insects. Trans. R. ent. Soc. 

Lond . 90 : 121-175. 

Rakshpe.l, ? .• 1 941. On the post-enbryonic developr:1en t of the male 

genital organs in Aleurodida.e (HOlJoptera ). Indian J. 

Ent. 3: l-11. 

Rakshpa.l, R . 1 943. 0:1 t he structure and clevelopment of t h e male 

genital or gans of Tetr a s t ichus pyrill a e Cra1-rf . (Eulophida e 

: Chalcic~oiô.ea , Eynenopter a ). I ndi an J. Snt. 5: 143-150. 

Rakshpal , R. 1 944. On t he struc t ure and development of t he male 

reproduc tive organs in t h e Lepidoptera . Indian J. J nt. 

6: 87- 93· 

Ral<: shpal, R. 1 945. '.fhe structure and devel opment of t he f en ale 

geni t a.l creans of Te tras t ichus pyril lae Cravrf . 

C~ulophide.e : Che.l ciooi dea ) 1·!i th a c omparison of the 

geni tal or e;ans in t h e t Fo sexe s . I :ndian J . ~nt. 7: 65-74. 

Rakshpal, R. 194 6a . not es on t he s tructure and devel opnent of t h e 

r:w.l e geni t 0.l or gan s in Ce.r pophilus sp . Oü tiduli dae , 

Col e optere. ). I ndi an J . Ent . 8: 59- 69 . 



( 174 ) 

Rakshpal, TI. 19L:-6b. :>:otes on the st1 .. ucture anè. development of the 

female genital organs of Carpophilus sp. (Eitidulidae, 

Coleoptera), with a comparison of t h e genital organs in 

the tuo sexes. Indian J. Ent. 8 : 164-173. 

Randell, R. 1. 1 961. On the classifica tion of the field crickets 

of ~Jestern I-Ienisphere (Orthoptera: Gryllidae: Gr_yllus). 

In press. 

Rehn, J . A. G. and Hebard, L. 1,91 5 . ':Che genus Gryllus (Orthoptera) 

as found in 1\.Taerica. Proc. Ac a.d . nat. Sei. Philadelphia. 

67: 292-322. 

Room·Iel, L . L . 1 937. StucUes on t J.1e en bryology of t h e African 

!J.i gratory locust, Locusta ;ügratoria migratorioi des R . 

émd F. II. O~go.nogeny . Phil. Tre.ns. H. Soc.Lond. (B) 227: 

Tioubçmo , :s . 1 923 . L'infl u enc e r.1aternelle dans le de 1terminisrae de 

l 1 asthenobi os e acyclique ; metagonie et r~activants 

"t . c --, me c-.gonlques. . -t . Ac c~c~ . Sei. Paris 1 36 : 1236-1238 . 

Hoube.ucl, ::: . 1 935 . Vie l a t ent e e t c ondition h i bernale provoque~s 

les i nfluences r:mterr1al l es ci1ez certe.in invertebres. 

Ann . Sei. n at. 1 8 : 39-51. 

Salt, R. U. 1949 . A k ey to morphological development of Mel anoplus 

b .. .._.._ t ( 0 ) . , • • ( S ) d l.Vl v~J~ ..:;a.y , fl · mex1canus i~1ex1c anus eJ_tss . , an 

l :L . p e.d ':éŒcUi Scudd. Ganac' .• J. n e see..rch , D, 27 : 233-235 . 

Sans or~~e , li' . 11. and LG. Cour, L. 1 93 5 . The genetics of t he gr as s hopp­

er Chorthio~us u a r allelus . J . Genet . 30 : 41 5- 422 . 



( 175 ) 

Scudder, G. G. :3 . 1957. n einterpretation of sone b2.s2.l s t ructures 

in the insect ovipositor. Nature 1 80: 340-341. 

Severin, H. C. 1926 . The comnon black field dricket, Gryllus 

assimilis (Fab.) and its control. J. econ. ~nt . 19: 218-

227. 

Severin, I-I. C. 1935. The common black field cricket as a serious 

pest in South Dakota. S. Dakota Exp . Sta. Bull. 295: 

1-51. 

Shulov, A. and Pener, l-I . P. 1959. A contribution to the knovlledge 

of the development of the egg of Locusta migratarta 

migratorioides (R. & F.). Locusta , 6: 73-88 . 

Simmonds, F .. J. 1948. The influence of maternal physiology on the 
R. ~. j.......,.J. r 

incidence of diapause. Phil Trans ·l(B) 233: 385-414. 

Slifer, E . FI ., 1932a. Insect development. III. Bl astoki nesis in 

the living egg . Biol . Zbl., 52: 223- 229 . 

Slifer, :E . H. 1932b. Insect development. DT. Ex:ternal norphology 

of gr a sshopper embryos of kno1·m age and knovm tenp2erature 

histor y . J . ~orph ., 53 : l-22 . 

Slifer , 1 937 . The origin anè. fate of t he n embranes surrom1d-

i ng the gre.sshopper e gg ; together uith sorne experiments 

on source of the h a_t ching enzyme . Quart . J . micr.Sci., 

79 : !.:-93- ) 06 • 

Slifer, 1 938 . A cytological stucty of t he pleuropodi a of 

l ~elanoplus di fferentialis 1·rhich furni shes nevr evidence 

tho.t t hey proG.uce t he hatching enzyme . J . l-lorph . 63: 

181-196 . 



( 176 ) 

Slifer, B .. H. 1956. SpeciG.lized areas on the body surfa.ce of 

gresshoppers and locusts (Orthoptera: Acrididae). Proc. 

Xth Inte~cn. Congress Bntom. l: 531-534-. 

Smith, A. H. and Kleiber, L. 1950. Size and ozygen consumption in 

fertilized eggs. ~. Ce11. Camp. Physiol. 35: 131-139. 

Snodgrass, R. ~ . 1933. ~orphology of insect abdooen, Part II. The 

genital ducts ano ovipositor. Smithson. nisc. Coll. 85 

(8): l-148. 

Snodgrass, R. E. 1937. The male genitalia of orthopteroid insects. 

Smithson. mise. Coll. 96 (5): 1-107. 

Spann, 1. 193L1-. Studies on the reproductive systen of Gryllus 

assimilis Fabr. ~rans. Kansas Acad. Sei. 37: 299-~4-1. 

Steele, H. V. 19L1-1. Some observations on the embryonic development 

of Aust:roicetes cruciata Sauss. in the field. Tra.ns. 

R. Soc. s. Australia. 65: 329-332. 

TsuchiyaL1a (J:'estueo), 1932. The som~d-proèucing ol~gans of crickets. 

(Lbs tract in Jap. Jour. Zoo1. Tokyo, 4, 120). 

Tuft, P. E. 194-9. Grm:rth and ï;wtabolism. :Cxpt. Cell. Res., Suppl. I: 

h'h,.., 5Lr 8 .J•)- (". 

Tlùeschlcov, K. 1935. Über Urs e,chen der Überuinterung der 1ymantria 

c.'Uspar, 1. monarcha und and er er 1yr.1antriiden in 

:8istadiun. z. angevr. :Snt. 22: 97-117. 

UrJbrei t, \!. ll. , Burrie, :R. H. and Staff er, J. F. 1957. Hanometric 

techniques and tissue metabolism. Burgess Publishing 

Co. l .. ;ümeapolis. 



( 177 ) 

Ulïleya, Y. 1950. stud.ies in embryonic hibernation and cliapause in 

insects. Proc. Inp. Acad. Japan, 26. no. 6 : 1-9. 

Verhoeff, C. 1896. zur Lorphologie der Segmentanl1ë.nge bei Insekten 

und L:yriopoden. Zool. Anz. 19: 378-383, 385-388 . 

Verhoeff, C. 1902. Zur vergleichenden horpho1ogie der Coxalorgane 

und GenitalanhanGe der Tracheaten. Zool. Anz . 26: 60-77. 

·v!alker, -:~, ... -
.!::J • I-..:. . 1904. ïhe crickets of Ontario. Canad. Ent. 36: 249-

255-

Halker, !~ . 1-:. 1922. The terminal abdominal structure of 

orthopteroid insects: a phylogenetic study (Part II). 

A.nn. ent. Soc. Amer. 15: 1-76. 

~Jhee1er, H. r.:. 1893. A contribution to ins ect embryology. J. l-~orph. 

8 : 1-160 . 

Zander, E. 1900. Beitrage zur Lorphologi der mannlichen 

Geschlechtsanl1ange der I-Iymenopteren. Zei t. vriss. Zool. 

Zanc1er, S . 1901. Bei trë..ge zur L:orphologie der mannlichen 

Geschlechtsanhange der Trichopteren. Zeit. \dss. zool. 

70: 192-235. 

Zander, E. 1903. Bei t rë.ge zur l:orpho1ogie der mannlichen 

Geschlechtsanhange der Lepio.opteren. Zei t. v.riss. Zool . 


