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Abstract 

Testes from nymphs of the last three instars of twenty species 

belonging to two subfamilies of Gryllidae vere studied to determine the 

number, morphology and behaviour of their chror:losomes. Karyotypes of 

different species are descri bed in detail vi th illus'~rations and idio-

grams. The male diploid numbers ranged from seven to thirty-onc. 

Gryllus campestris and a population of "G. bimaculatus" froc 

Singapore showed anomalies in chromosome number and structure. Chromo-

somal polymorphlso vas qui te common. Polriloid cells, and chromosome 

gaps and bridees occurred occasionally in some species. One or two 

supernumerarJ chromosomes occurred in some individuals of Gryllus 

veletis, the chromosome nunber of this species thus varying from 

2D,.29 to 31. Chromosome evolution within the family Gryllidae is 

discussed. 

Various chemical and radiation treatments vere applied in 

order to induce chromosomal abnormali ties in soma species. Chromosoce 

breakage, stickiness, bride.-es and lagging, a.'1d mu1 tipolar spindles, 

polyploidy, unequal segregation etc. vere the cain abnormalities pro-

duced by these treatments. The sensitivity to chemicals and radiation 

varied betveen different species. 

The need for turther s~ to evaluate the cytogenetic effects 

of environmental contami nation is stressed. 
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RéSU!lé 

La morphologie du nombre, et du comportement des chromosomes 

de vingt espèces appartenant à deux sous-familles des Gryllides a été 

étudiée à l'aide des testicules prélevés sur des larves parvenues aux 

trois dernières stades larvaires. La description détaillée des caryo-

types des diverses espèces s'snompagne d'illustrations et d'idiogrammes. 

Le nombre diploïde de chromosomes chez les mâles varie de sept à 

trente-et-un. 

Des anomalies dans le nombre et la structure des chromosomes 

furent observées chez GElllus campestris ainsi que dans une population 

de G. bima.culatus en provenance de Singapour. Le polymorphisme chromo­

somique s'avéra répandu. Des cellules polyploldes et des cassures 

chromosomiques ont été rencontrées occasionnellement chez quelques 

espèces. Un ou deux chromosomes surnuméraires fusent trouvés dans 

quelques spécimens de Gryllus veletis; fasisant ainsi varier de nombre 

chromosomique de vingt-neuf a trente et un. Une discussion sur l'évo-

lution des chromosomes chez les Gryllides est présentée. 

Divers traitements chimiques et d'irradiation furent appliqués 

afin de produire des anomalies chromosomiques chez quelques spéCimens. 

Les principaux efie'ts observés sont: cassures de chromosomes; adhésivité; 

ponts; ralenti ssment , faisceaux cultipolaires; polyploïdeeJ répartition 

inégale; etc. La sensitivité à ces traite~ents varie d'une espace à 



l'autre. 

La nécessité d'investisations plus approfondies de l'évalua-

tion des effets cytogénétiques de la contamination biotopique est 

fortement soulignée. 
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1. Il f TRODüC TI OH 

Since the beginnins of ~nentiet~ century, the application 

of cytoloeical data. to difi'erent f~lds of biological science, es­

pecially to taxonomy, has become more and more important and useful. 

In many well-knoilll groups of animaIs and plants, a study of t!le 

chromosomes has served as a valuaqle adjunct to taxonomie research. 

Â cri tical re-examination of the taxonor:I,Y of rnarly inaect 

groups has been carried out du ring recent yeara. This has lone been 

necessary, because mach of the classification in use at the present 

time ia, of necessity, still based largely or wholly upon preserved 

specimens, i.e., for the greater part, on ezternal morphological 

characters. This limited approach has frequently resulted in more 

than one biological species bein~ included under a sinsle name, or 

in a single polymorphie apecies having Clore than one name. Great 

difficul ty and confusion for subsequent workers has often resul ted. 

Therefore, a combination of morphol ogy , cytology, ecology, bioeeo­

graphy and other factors now form, wherever possible, the fmL~dation 

of modenl taxonom;y. The present study is part of sucil an integrated 

approaoh to cricket taxonolllj' (Kevan ~ al., 1964) • 

Chromosome number is usually considered to be the most 

important cytological character of interest to taxonomists, but size, 

shape and behaviour of the chromosomes oe.:/ tnrow Clore liC:'l.t on a 

taxonomic problem than the number alone, particularl.1 in croups, SUC!l 

as the .A.crididae (.!_..!!!:.), in vhich the c:!:l.rooosoce nU!:lber i s virtually 

constant. The sost favourable situation is that in vhich the structure 
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r of the individual chromosome Carl be studied in detail, so that a 

great number of cn.aracters ca.n be taken into account. 

stebbins (1950) stated: " T'ne chromosomes, because they are 

bearers of hereditary factors, sh~~d be considered as somewhat more 

fundamental than other structures on whicL! relationship is based. " 

It is unnecessary, ~~d indced incorrect, however to assume that com-

plex cnromosomal systems are correlated with a complexity of macro-

scopie structure, or that species very similar in their general 

morphology must have very similar chromosomes. lTevertheless, in many 

cases, chromosomes do show co-variation with other characters exhibited 

by organisms, especially those associated with the accumulation of 

morphological cilanees which culminate in speeiation. 

Cytology has provided valuable data concerning the ori&~n 

and nature of the chromosomal differences that erist et various taxo-

nomic levels, a.nd i t has proved extremely usef'ul in the study of 

cloaely related species groups, sibline-species complexes and poly-

morphic species. On the ot~er nand, the effects of certain external 

environmental factors -- sU.ch as varioua checicals, incluci.ine pesticid~a 

and other pollutine ~~nt9, and radiation -- can also be detecteù 

cytologically. ~ecently there has been a great increase in intcrost 

in thia field, W'hicu MS rcsuJ. ted in the publication durinc the last 

three decad.es of a nuooor of papera dea1inc vi t:-.: the r(~!3"Jl tu of r~-

search into the cJtoloti~eal effects of cnvironment~l :~ctor~. 

Investieations into raà..iation-induced ch.ror::!ogo~l a~r7'ations 

( "'\ 
,~' 

are of ereat tundanental import~~ce. 1I0t On17 do they as~ist in a 



proper understandine of the possible oec~~isns involveù in the pro-

daction·of structural changes in chronosones, SUC~ as occ~r, usu~llJ 

lesa frequently, in untreated populations, and which are inevitably 

involved in evolutionary processes, but the.7 alao allorr one to assume 

the genetic effecta of dif:ferent quali ties a.'1d dosaGes of radi~ tion. 

?urther, they enable one to determine the approporiate dosaces to U3e 

in experiments inti~tely connected with physiology, therapy a.~d 

protection aeainst radiation harzarda. 

3tudy of the effects of chemicals on chromosomes have a 

airnilar value to studies on radiation, ~~d, in addition, enable one 

to estimate eenetically tolerable limits for the accumulation of 

pollutants such as pesticides. Further, such studies provide a 

better understandine of DU.A, Rli"A. and protein s,ynthesi s and the na. ture 

of gene mutation. 

It is obvi ous , from almost any survey of bioloL~cal litera-

ture, that an extensive stud,y of cytoloe;r -ri ta modern techniques ia 

extremely desirable in order to promote an understandine of bote 

taxonomic a.~d ecolocical problems. The present york attempts to 

relate these two aspects. The main purpose of the study vas to in-

crease our knovledge of cytol:."enetic and chromosor.lal aberrationa 

induced by paverful ecolot;ical factors, namely toxic cÎlemcala and 

radiation, ri th particular reference to Gryllidae, a croup whic!! has 

recently received mucn attention in the field of experinental taxon oOj , 

both at ~{CGill Univerai ty (Hacdonald Campus) and elsevnere. As a 

neceasary major prolicinary part of the york, an atteopt vas made to 

elucidate certain taxonomie questions, and, on the ~asi3 of ejtoloL~cal 

.· .• ·c· .. ,"' 
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differences between thern, to confirm some previous finàincs regardins 

certain members of the fa.mil;r. This included an investiGation of 

chromosomal variation occurring 1 naturall;r 1 within populations. 

Thirteen species of Gr;rllinae were investigated, of wlrich 

four are native to Horth America and two to the \lest Indies; the re-

mainder are 01d ~'lorld species, of which three <:re established in the 

Americas. Six native lrorth American species and one HeiT Zealand 

species of Hemobiinae Here also studieù. 

() 
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II. CYTOGE!ŒTIC STUDIES ru RELATIOli TO TAXOliONY 

A. Literature Review 

1. Cytological Review: 

Since the beginning of the present century, and especially 

over the last twenty years, cytological studies of crickets (Grylloidca, 

mostly Gryllidae) have been carried out by a n~~ber of investigators. 

3arlier studies (i.e., those published 25 or more years aeo) included 

a number on various species of Gryllinae (belonging, for the most 

part, to the genera now recognized as Gryllus, Acheta, Gryllodes, 

Loxoblemmus, 3rach,ytrupes, Teleoçryllus and Helano&Tyllus) by 3aun­

gartner (1904), Gutherz ( 1907 ,19(9), Jrunelli (1909), ?·~eeks (1913), 

Honda (1926), Olmachi (1927,1929, 1932a, b, 1935), Tateishi (1932), Eonda 

and Iriki (1932), Suzulr.i (1933), :.rornma in 1942 (as ci ted by Hakino, 

1951,1956) and Toledo Piza (1945); one on a species of Hemobiinae 

("1Temobius" (=A1lonecobius» by 3a.W?le,artner (1929); wo on 3neopte­

rinae, viz. one species of .. Api thes" (= Eapi thus) by 3aUDlc..""artner (1917) 

and one of Eneoptera, by Toledo Piza (194ô); three, involving two 

species of Oecanthus, Oeca."1thidae, "Dy Johnson (1922,1931) and Hakino 

(1932); and tnree in respect o~ WO species of ].rogoplistinae (Chmachi, 

1927,1935; Tateishi,1932). Severa! species of "Pteronemobius", Nemo­

biinae, are also referred to b:r !:!onda (1926), Ohmachi (1927,1929, 1932b, 

1935) and Tateishi (1932); Ohcachi (1935) surve:red the cnromoGooes of 

28 or more species of Grylloidea, includine those of so~e genera, such 

as Cyrtoxiphus, TribQnidiinae, not referred to above. 



Hore recently, for Gryllinae, Olmachi (1950) and co-workers 

(1953) have studied three Japanese Teleogryllus species; Onmachi and 

Ueshima (1955) exanüned a species of Loxoblemmus; Randell and Kevan 

(1962) added further species of Gryllus and one of Scapsipedus to the 

list of species investieated; 3harma (1963) referred, under the name 

Gryllus, to one species each of Modicoçryllus and Plebeiogryllus; 

6. 

and Leroy (1967) also studied several species of Gryllinae, including the 

genera Gryllus, Teleoi:;"ryllus, ?!odicogryllus, Platygrlllus, Scapsipedus, 

Tartarogryllus and Loxoblernmus. Sotelo and Wettstein (1964) studied 

the fine structure of the chromosomes of a species of Gryllus. For 

other subfamilies, Ray-Chaudhuri and J.Ja.nna. (1950) refer to Euscyrtus 

spp. and to Seychellesia, Phalangopsinae, and Claus (1956) to Eneo­

ptera, Eneopterinae. Davenport (unpublished,1960) investigated several 

Horth American species of Nemobiinae. Also, in the last decade, various 
i.e 

grylloid insects of several genera, belongingLdifferent families and 

subfamilies have received considerable attention in India froc !~na 

and his collaborators (1964,1965,1966,1968,1969) and bl Bhattacharjee 

and Manna (1967,1969). The genera studied included Gl"Jllus, Gryllodes 

and Bracbytrupes (Gryllinae), "Pteronemobius" (1iemobiinae), Anaxipha 

and Trigonidium (Trigonidiinae), Oeèanthus (Oecanthldae) and Ornebius 

and Eotatoderus (Uogoplistinae). 

Lim ~ al. (1969), followed almost simultaneously by ?ontana 

and Hogan (1969), have puoli3h.ed more coaprehensive accounts of tvo 

Australasian species of Teleogr-tllus, which have been very recently 

augmen ted by Lim (1970). The last au thor has al so provicied further 

information on several genera of Nemobiinae (Lic,1971). 
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Ohrnachi (1935) vas thc first worker to cake a comparative 

studJ of the relationam_p betweûn chromosomes and taxono~ in Gryllidae, 

ncarly thirty species being considered. ?ra.kino (1951, 1956), in hi s 

"atlases" of the chromosooe numbers in anica1s, included a review of 

more than fifty CTylloid species. Hore recent, similar reviews, re-

stricted to the Grylloidea, nave been published by Ohnachi (1958) and 

by Bhattacharjee and 1>!anna (1967). 

The male diploid chromosome number so far recorded for 

crickets ranges from 29 to 7. At the upper end of the scale are in-

cluded Gryllus veletis (Alexander and Bicclow) and Q. pcnnsylv~~icus 

Burmeister, botn of which have the same male diploid chromosome number, 

29 (Handell and Kevan, 1962). This cnro!Josome number i3 also rep, t'ten 

for Q. penns:rlvanicus (as Q. aS!limilis) by BallOc,C'.rtner (190-~) <,..nn 

Ohmachi (1935), and for other Grlllu~ species: .~;. assi~ilis (Fabricius) 

(presuma..bly) (Toledo Piza, 19';'5); Q. assioilia, scnsu stricto (Ra.ndell 

and Kevan,1962; 1,ero:l,1967);.Q. ca.mpcstris Linnaeu3 (Oh.r:lachi:1929,1935); 

G. bimaculatus De Geer (Tateishi,1932; Ohrnachi,1935; Lerol,1967); G. 

rubans Scudder (;œ.ndell and Eevan, 1962); Q. fuI toni (Alexander) 

(imndell and Kevan, 1962); Q. bertmldensia Caudell (Leroy, 1967); G. 

capitatus 3aussure (Leî-oy,1967); Q. insularis 3cu~ider (Leroy,1967); 

.9.. peruviensis Saussure (Leroy,1967). :2ndell anu. J:evan (1~ .. 62) pointed 

out that al1 the Gr'111us species exar.ri.ncd b:r then had the sa:ac chro:ao­

sorne nunber (i.e. 2nô=29), but that thej fmL~d it p03sihle on1.1 to 

identify tae X chronosone ~~d the larcest pair of autoso:ae3, th~ re-

mainine autosooe3 ooini;; too sca11 to associate in pairs. 
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In species currently referred to the genus Teleogryllus, 

the spermatogonial chromosome number of T. mitratus (Burmeister), T. 

commodus (ifalker), T. ~ (Œ:l.Inachi & l::.atSUJ:IU.ra), T. oceanicus (Le 

QuilIou) and T. taiwanemma (Ohmachi & p.~tsuoura) has been reported to 

be 27 by Honda (1926), Ohm.achi (1927,1950), Tateishi (1932), Ohmachi 

8. 

et al. (1953), Lim et~. (1969), Fontana and Rogan, (1969) and Lim 

(1970). However, that of T. oceanicus was recorded to be 2nP=29 by 

Leroy (1967), and anotner (Japanese) species of Teleogryllus, T. lezo­

~ (Ohmachi &: !.ia.tsumura), was observed by Ohmachi ~ al. (1953) to 

have 2n5=25. 1:. mitratus vas, hovever, found by Honda and Iriki (1932) 

to vary: the chromosome number vas 2nô=25 in a population from t~churia 

and 2~=27 in specimens from Y~oto, Japan. One grylline species, pur-

portedly the type species of Teleogryllus from central Africa, T. 

posticus (~alker), vas reported by Leroy (1967) to have 2n~=19. (If 

this is true, our present concept of Teleogryllus vill have to be 

cbanged - see p. ~,53). I.!:r mm analysis of the chromosome comple-

ments in Teleogrzllus showed that acrocentric chromosomes and achrooatic 

gaps vere very comoon in T. oceanicus but rather rare in 1. commodus, 

except in a population from Victoria, Australia; polyploid cells and 

la.mpbrush chromosomes aIso occurred in the intra- and interspecific 

h,ybrids of T. cOlllIlodus and T. ocea.nicus (Lim et .!!..,1969; Lim,1970). 

Tventy-one chromosomes occur in speI"'"'...a togonial oetapha.se in 

the folloving species (names corrected vhere appropriate): Acheta 

domesticus (Linnaeus) (3aungartner,1904; Gutherz,1907,1909; Heeks,1913; 

Randell and iCevan,1962); Gryllodes sigillatus (iialker) (Ohmachi,1921, 

1935; Tateishi, 1932); Scapsipedas marginatus (:Jzeliu3 et 3rar.r.ius) 

(Randell and Kevan,1962; Lero:r, 1961); K~lar.ogrlllus desertus (T'allas) 
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(3runelli,1909); '.fodicogryllus confirmatus ('.ialker) (Sharma,1963); 

B- uncinatus (Chopard) (Leroj,1967); Plebeiogryllus guttiventris 

(as Gryllus configuratus rIalker) (Sharma,1963); PlatYgrlllus linea­

ticepes ('tTalker) (Leroy; 1967); Tartarogyllus b"..u-cliga.lensis (La­

treille) (Leroy,1967). 

A male diploid chromosome number of 19 is found in some 

Uemobiinae. Davenport (unpublished,1960) indicated that ten sl'ecies 

of "}iemobius" occurring in the eastern :rni ted states of America should 

be separated on cytological grounds into three subcenera, as l'roposed 

earlier on the basis of external morphology bJ' :!!ebard (1913): namely, 

Ueonemobius, Allonemobius and Eunemobius, wi th male diploid chromo­

some numbers of 19, 15 and 7 resl'ectively_ Ireonemobius was considered 

by Davenport (unpublished,1960) to be the most prioitive member of 

the &TOUl' and ~Unemobius to be the oost advanced. Allonemobiua lay 

betileen thern, and i ts Y..aryotjpe vas preSUJ!lably derived from one 

similar to that of Ueonemobius, in \rhich a l'rocess of centric funion 

r::i";!:lt have occurred. !<"'u.rthcr centric fusion iras postulated b:r 7":aven­

port as na.ving occurred during the evolution of the kar:rotype o~ 

hUncmobius froû an Allonemooius-like ancestor. !lis conclusion recard­

ing the above relationships vere supl'orted by stridulation ruld apecia­

lization of habitat_ Davenport's findings have recently been lareel:r 

Qonfiroed and the subgenera. elevated to canera (7icker-j anê. jO!-J..'1stonc ~ 

1910; Lie, 1911). :~ch earlier, ~--artner (1929:\ !md stuà.ied 1...110-

nemobius fasciatus (De Geer) in datail and had round that aIl of the 

autosomes vere rod-shaped. Thej could L;rouped i~to wo classes 

.... _~ ..... , .. , .... _.--~.,.~.~."'" ..... _~---_ .... ~-_._.---- ....... -., 

9. 
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accordinc to t~e tetrad fornation: three pairs forned rod tetrads 

and the other four equatorial rinGS or double crosses. The X c~lroco-

soce was laree and U-shaped. 

Ohmachi's (1935) review of t~e cnronosone co~plements of 

eight Old World species of !Ienobiinae indicated 17 to be the most 

co~~on male diploid chrooosome number in this subfamily, and 15 the 

next. Only one species had 19 and one had 11 cnromosomes. ?·~ore 

recently, Bhattacharjee and I~a (1967) made a further brief review 

of the chromosome cooplements of eleven Old norld species of !Temobiinae. 

Tne most common nale diploid number reported by them was 15, only one 

species ha.d 19, wo nad 17 and three had 11. Their paper i s referred 

to and updated by Lie (1971). 

Variable chromosome numbers are reported in the nemobiine 

eenus Pteronemobius. J.!a.nna (1969) sta ted that this cenus vas t:-te 

most heteroeeneous amongst the Gryllidae. This was also stated by 

Vickery and Johnstone (1970) and Vickery (1971, in preparation) and 

;ras clearly indica. ted by Lim (1971). P. furumaeiensis (Ohmachl and 

Furukawa) ii'as recorded by Ohmachl (1927,1935) having a 2riÔ conplecent 

of 19, the autosomes consisting of two pairs of VIS and seven pairs 

of roda and a slender U-sAaped sex chromosome. Sixteen autosomes 

(wo pairs of V' s and six pairs of rods) and a V-shaped 7. chromosome 

vere observed in!. f'lavoantennalis (Shir-aki) (Ohmachi, 1929,1935). 

A fUrther tnree species of Pteronemobius havinC the sace chromosome 

number are: X. nitidus (Shiraki) (Olu:lachi,1927,1935), P.csikii 

(!JoI!var) (Bonda, 1926), and P. fascipes (Walker) (Ohmachi, 1927,1935; 



11. 

rrateishi, 1932). 'liro other species, P. taprobanesis ('Jalker) (;!anna 

and 3hattacharjee,1964) and P. mikado (ShiraJd.) (Ohmachi,1927,1935) 

have 2nP=15. P._ohmachii(ShiraY~) possesses the lovest cnromosome 

nunber, 2~=11, among so-called Pteronemobius species; all the chromo­

somes vere V-shaped in this species (Ohmachi,1927,1935). Pteronemobius 

clearly includes species of more than one Genus (Lim,1971) but only 

partial revisions have :ret been attecpted (Vickery and Johnstone,1970; 

Vickery, in preparation). It:nay be note,i that P. fascipes viII 

become the type species of a nev genus. P. harereavesi Cuopard, P. 

occidentalis Chopard, P. nitidus and P. csikii should probably also 

be placed in the nev genus (Vickery, in preparation). 

Variabili ty ri thin "species" had also been recorded. 'rhe 

chrocosome nucber of the grylline Loxoblemmus arietulus Saussure has 

beon variably reported by different vorkers. It was given as 2nô=1}-

15 by Honda (1926), 11-13 by Ohmachi (1927,1932b), 14 and 15 by SUzuki 

(1933) and 13-17 by Ohmachi and Ueshima (1955). AlI agreed that the 

variation of the chromosome number nas due to the occurrence of mul­

tiple chromo30mes. ''L.arietulus'', ho-wever, probably comprises more 

than one species, and, indeed, Ohma.chi and Ueshiaa (1955) (without 

&~ving them formel names) distinguished three sibling species -­

"Tanbookame", "Uoriokame tl and "Haraokame tl 
- in Japan. The chromo­

some nunber ranged trom 2~=13 (consisting of X plus four pairs of 

metacentric3 and tvo pairs of acrooentrics) to 17 (X plus one pair 

of metacontric and seven pairs of acrooentrica). The extra throe 

pairs of I:lOtacentrics in the individuals vith 2n$=13 vere m.ù.tiple 
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chromosomes which vere formed by the linkage of two non-hornoloeous 

euchromosomes. !~tiple chromosomes have also been observed in 

Brachytrupes portentosus (Lichtenstein). ~ne male diploid number is 

rcported to be ei ther 15 or 11 by 1-1omma in 1942 (as ci ted by Ha.kino, 

1951,1956); 14,15 or 20 by Ohmachi (1932a,1935); and 13,14 or 15 by 

Tateishi (1932). 

CytoloL~cal studies of the hybrids between certain American 

12. 

field crickets vere undertaken by Randell and Kevan (1962). The hybrid 

crosses between Q. assimilis andQ. penn sylvani cus, and between G. 

aS3imilis and "Texas half-triller" (a species not yet formally named ) 

showed bTeat variation in the chromosome number in metaphase II. A 

double bri~~ vas found in anaphase l of the hybrids obtained by 

crossing Q. fultoni ~~d Q. veletis. These chromosomal a.berrations, 

it vas presurned, might be caused by the failure of synapsis and in-

complete pairing in the hybrids. 

The sex-determining mechanism appears to be XX~-XO~ in moat 

GI'ylloid species. ;,tul tiple sex chromosomes (X1;(1~~~-X1Y'''2y5) have: 

hovever, been reported in 3uscyrtus s1'., ~. concinnus (rra,an) and 

3eychellesia sp., Phalangopsinae (Haj-Chaudhuri and Hanna,1950; !-!anna 

and RaJ-Chaudhuri,1965). During ceiotic division in the male, one of 

the small univalents (supposed to be the Y cnromoao~e) goes to one 

pole and t!le othe:- wo (one larb~ and one small acroc~ntric, sup-

:po:Jed.ly the X-complex, :C1~) move near to the opposi te pole. :\ù.-

tiple sex chro::!0300es also occurred in 3n'3optera sunnanensi s (Je Ger;r;, 

Encopterinae (TOledo Piza,1946; Claus,195é) .. Accorr-Unc to Claus (1956~: 

... , .. ' 
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tne multiple sez chrO!!!o:Jo!:!e was X1X:1:SY'"2~-X1::r'"2Yô', rat!:ler t!lan X .. "'::$­

X:1X2Y~ as reported by Toledo Piza (1946). :{1 ;.ras a small rnetacentric, 

:s an acrocentric and Y was a 1aree rnetacentric; both X chromosomes 

went to the sarne pole, opposite to the Y chromosone, and no pairing 

was observed between them. Â pseudo-multiple sez chrooosoce was 

studied by Sm th (1953) in an Indian pbalangopsine sryllid 3uscyrtus sI'. 

}ja rural heterozyeotes have been recorded in the Gryllinae, 

Plebeioçrlllus guttiventris, f. SI'. near guttivontris, godicogryllus 

confirmatus, TeleogTyllus COIl1'!!odus and T. oceanicus a."ld in th.e lierno-

biinae, Paranecobius s1'., Pteronemobius bicolor (Saussure), !. tapro-

banesis, lTeonemobius palustris (Blatchlel) and Eunernobius carolinus 

(Scudc.ierj (Manna and 3ha.ttacha.rjee,196{~,1966; 3h.a.ttacbarjee and !anna., 

1969; Lim ~ al.,1969; Fontana and Hogan,1969; Lim,1970,1971). The 

heteromorphic bivalents can be identified by their hook-shaped 

appearance in ceta1'hase I. 

The fine structure of meiotic chromosomes was studied, for 

Gryllus argentinus Saussure, by 30telo and Wettstein (1964). ~lec-

tron-microscope investieation demonstrated tàat the medial cocponent 

;ras integrated by three longitudinal planes of filaments and each 

plane vas integrated by wo uni ts: longitudinal in the frontal viey 

and transversal in the la te ra! vi ev • 

In addition to investigations directl.1 involving a study 

of chromosomes, a fev other publications involvine the cytology of 

crickets bave appea.reci. In studies on the speroatoeenesis of acheta 

dODesticus, using pha.se-contrast microscopy, 1fath and 3himber (1953) 
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found that the Golei body lias ei ther granular in form or vesicular 

in appearance. Mitochondria varied in for!:! narine the development 

of the sperm and fused to form a mitochondrial body in the spermatide 

The acroblast appeared as a large vesicle and the nucleus of the mature 

sperm vas spiral in structure. !fa.ny secondary spermatocytes did not 

undereo cytokinesio, and sperI:!atids had one, trro,or more nuclei. 

lIowever, Levine (1966) found that cytokinesis does occur in most of 

the primary spermatocytes ~~d in aIl spermatoGonia. 

Under the electron-microscope, the nuclei of the early 

ooeonia of Acheta domesticus have been shmfll to contain several small 

mrA bodies, whereas in the later staGes (leptotene, zycotene and 

pach"ïtene), the youne oocytes have only one large rea body; the DUA 

body exhi bi ts a filmentous shape during metaphase and anaphase (l:unz, 

1969). Several workers have analysed the extra mlA in the female cern 

cella of Acheta domesticus (nil~son, 196ô; Heinonen and :!a.1ka, 1967; 

3ier et al., 1967; Lima-de-F'aric ~ al., 1968; Cave and .. Ulen, 1969) • 

Lioa-de-Paric !! al. (1968), however, fOlmd tila t every oocyte of 

Acheta domesticus contained a miA body, which increased in size durine 

the early meiotic prophase but whicn beb~ to diGinte~te b7 breakinc 

into severa! soall pieces at the end of the diplotene. 37 latc djplo-

tene, the whole badj disa~peared ~~d had released miL, histone and 

~i~ into the nucleus. These authors st~ted thet th~re vas no con-

pa::-able structure in t!le :tale r.leiotic p:"oprtase. runz (1969) aiso 

pointe-. out that, al t~ouc.~ the X C!lro:nosoce of the nale C"-!rT"! c~ll a 

is ver.1 similar to the ~iA body of the fena1e, there is no recula:-



L conta.ct between the sex cnrooosorne and the nucleolus. Ca.ve a.'1d Allen 

(1969) found that the D!iA body in oocytes of ~cheta wao intimately 

associated with one or oore chromosome pairo and that at diplotene, 

larGe quantities of nucleolar naterial accww~ated at the periphery 

of the body. 3ynthesis of this extra miA continued long after DHA 

synthesis was completed by the cr~o~osomeG during early meiotic pro­

phase. Poletaeva. ~ al. (1970) found. tha t there was no chance in the 

acount of mTA durine prophase l in A. domesticus, but the amount of 

histones increased pr06Tessively. 

In conclusion, it may be mentioned t~~t Tyrkus (1971) has 

recently developed a neH' c:rtolo&-i.c~l teclmique for the study of the 

oorphology of the mitotic cnronooomes wit~ particular reference to 

Acheta domesticus. Insect naematocytes, instead of Germ cells, arc 

used for Y~ryotJPic analysis. 

2. Taxonomic Review (vith reference to the genera here studied): 

The field and houoe crickets here studied aIl belone to the 

gryllid subfamily Gr,yllinae, tribe Gryllini, subtribe Gryllina, as 

defined by Rendell (1964), to whou reference for details of classi­

fication 1!Ja:f be made. native field crickets occur cocmonly in re­

latively open places over much of the vorld between a little over 

15. 

50'11. and a li ttle Wlder 450::;., and, in rnost of North, Central and 

South .America, they cau he found almost ever,ywhere wi thin these limita. 

The first description of a.'l J...merican field. cricket was that 

of Acheta (nov G;Zllus) assimilis, froo Jamaica, published nearly two 
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centuries ago by Fabricius (1775). no less than forty-seven species 

were de sc ri bed from Horth and South .Al:lerica and the West Indies betlf'een 

1775 and 1903. In 1903, seventeen names vere applied to _\rnerican 

field crickets (Rehn and Hebard,1915). Lutz (1908) and Hehn and 

Hebard (1915), after studyine a Great series of specimens, concluded 

that only one highly variable speciea vas represented and all the 

American species vere reduced to aynonymy ~~der the name Gryllus 

assimilis (Fabricius). For many years aIl Arnerican field crickets 

vere almost universally known by this specjfic name. 

During this time there vas also considerable confusion in 

the generic nomenclature of grylline crickets, the name Acheta Fabriciua, 

1715, to which genus the house cricket, Gryllus (Acheta) domesticus 

Linnaeus,1758, is now referred, being generally regarded as a synonym 

of Gryllus Linnaeua,1758; various species now referred to Grrllus, ~. 

~., vere referred to Liogryllus Saussure,1877. Uvarov (1935) clarified 

the position reearding Grzllus, by implication synonymized Liogryllus 

vith it, and proposed a new eeneric name, Gryllulus, for domesticus, 

whicn he regarded as baing gcnerically distinct, and this name had 

fairly vide acceptance. Roberts (1941), however, pointed out that 
il 

Acheta Fabricius vas available, vith domesticus as its type speciea, 

so that Gryllulus fell as i ts synon,ym. Gumey (1951) transferred 

assimilis ba.ck to Acheta, and 1l0rth .American 1I0rkers followed hl n 

lead. The cri terion defining the limi ta of Acheta. (cerel:! the arrango:aent 

* Originally VTitten domestica, a practice vhicn su-~ived for a long 
time, but Acheta is masculine, and in concurrence ri th the Inter­
na tional Code of Zoological H'oaencla ture, the spe11inC vas el:1e~deè. 

by Kevnn (1955). 
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of tne ooelli) was unsatisfactor~, however, and, for reasons civen 

in a footnote to their paper, Jobin and Digelor!' (1961), at the SUC­

(!estion of Dr. D.Y.?:IcE. Kevan, indicated that ~;ort!l ~':.nerican field 

crickets should be referred to the cenus Gryllus if the classification 

were to be natural. Ra.."ldell (1964) tacitly confirced this. He found 

that the structures of the male eenitalia of the species looalized 

naturall.1 in 1Torth .A.r.terica uere Clore sicilar to G. caopestris J,innaeus 

(the type species of Gryllus) and other Old World species than to 

Acheta donesticus. 

As inciicated above, since the iTork of Rehn and ~!eb'lrd (1915), 

the native Horth American field crickets were, for oany years, aIl 

lumped toeether under the naoe G;yllus (or Acbeta) aS3imilis. Field 

observations, however, had sueeested to sorne .Torkers tlu!.t this was 

not acceptable. Criddle (1925), for e;r..ample, recoC"l'lized fornally t'riO 

different 'races' of field crickets in }:ani toba; called by Îli:'l the 

sprint: cricket, Q. assimilis penns,rlvalticus 3urr!Ieister, and. the fall 

cricket, Q. ~. luctuoaus Serville. Fo interbreedinc baween taese 

wo seasonal populations occurred. Pulton (1952) confirmed Criddle'a 

findine and wrote that at least four distinct populations of field 

crickets vere distri buted in the Sta te of Horlh Carolira _ They were 

reproductively isolated from eaeh other and differed bioloeically, 

paysiologically and ecoloc:;icall.1- :?ifty h"ybridization e:cperiments 

vere cade and all gave negative reSlll ta. ?ul ton did not, !lo-.rever, 

assiE!,n forma! specific names to his various populations_ 3ehavioural 

differences betveen populations vere further denonstrated b.1 Alexa-~der 
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(1957), who revised the taxonol!l,Y of fiold crickets of the eastern 

United 3tates of America, reinstating severa! of the specifie names 

that had fallen into synonymy ~~d describinc one new species, Acheta 

(nov Gryllus) fultoni, for which no previ~~s name vas available. 

Alexander and Bigelow (1960) believed t~zt the subspecie3 established 

by CriddIe (1925) had becooe reproductively isolated throuGh a se~sonal 

separation of adul ts ("allochronic specia tion"), and t;ave them full 

specifie statua as siblin{;; species. The sprint; cricket they described 

as Acheta (nov Gryllus) veletis (since no existin{;; species name vas 

available). The fall cricket vas desicnated as typical A. pennsy­

vanicus; luctuosua, the name used by Criddle (1925), beins a synonym 

(Alexander, 1957). 

The first biological hjbridization for field crickets vas 

reported by Cousin (1933), who crossed Grlllus campeatris and G. ~­

culatus. A series of hybridizations vere later carried out by the 

same author: G. bermudensis Caudell fenales crossed vith Q. ca~pestris 

males (Couuin,1946); G. (as Acheta) peruvienaio 3aussure with G. ~ 

pestris (Cousin,1954a); ~~dQ. (as Acheta) arçentinus vith (!. c~~postris 

(Cousin, 1954,b, 1955). The fertili ty of the h.ybrid cenerations ;ras 

reduced in all of these crosses. 3ieelow (1960) stuüied interspecific 

crosses a!lone four species of .:\.J:Ierican field crickets and fou,na tha t 

Qybrids were produced when he crossed G. ru~n3 fcmales vith both 0. 

veletis nales ( in his r>aper referred to as rW![33") and G. ailsi~ilis 

males; G.as.ii::ri.lis fc::l.:!les crossed .,.1 th both G. l'"iolOOnS males and G. 

pennsylva.nicuB cales; Q. veletis fcn::.les ;ri th G. rubans r.J..~les; anè. 
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G. pennsylvanicus females vith G. assimilis cales. AlI other attempts 

to cross the four species in different combinations (notably G. pennsyl-

vanicus vith G. veletis) gave negative results. Eight similar crosses 

between Gryllus species rlere also cade by Randell and Kevan (1962). 

Crossing experiments vith house crickets, Acheta, ~.str., 

by Ghouri and ;.:cFarlane (1957) showed that a Pakistani anà. a Canadia..t'l 

population vere reproductively isolated. Geographic isolation and 

behavïoural differences (failure of insemination, differences in 

action during courtship or, may be, in the odor of the cale) vere con-

sidered to be involved. It is nov clear that two distinct species 

vere involved, only the Canadian population being referable to the 

cosmopolitan nouse cricket species, A. domesticus. ~he ?akiatani 

'struin' " ""r dt" 4 hi " (,," ",_.,_" del'f !!aS now pr",ye 0 oe ~ •• 3p<J.nJ.CUS ',l:amour), a. " dis-

tributed but less common Old World species (Dr. A.S.K. Ohouri, per­

sonal communication,1970). 

In addition to the field and house crickets of the subtribe 

Gryllina, one member of the tribe Gryllini belonging to the subtribe 

3ciobiina, Tartarogrlilus burdigalensis (Latreille), was studied in 

the present work. No special co~ent on its taxonomy is called for, 

except to note that Randell (1964) established its systematic position 

within the Gryllir~e. 

'Ground crickets' hclont; to the subfamil;r 1Tenobiinae. 

Several s:lall 1iortn Atlcrican specics of thcse vere lonG confuseè. un'ler 

a single specifie naJle, 2iecobius fasciatus (;)e Geer). ?ulton (193i, 

1933,1931), after a series of studies, pOinted out that the 'specicn' 
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Jr. fasciatus was divisible into three physioloBical or ecolocical 

'races'. ~ne races vere isolated from eaeh other by their habitats 

and they did not interbreed in the areas of overlap. ire dcsicnated 

one of these races as t,:r:pical n. fasciatus a..Tld another as 17. fasciatu·s 

"tinnulus (FuI ton); the third, Ji. allardi, 'Was descri bed by Alexander 

and Thomas (1959), who cleared up certain mi~ùnderstandings in the 

specifie nomenclature. 

With reference to generic naoes, all Horth American species 

wp.re long regarded as beloneinc to one genus, !ieuobius. HOlfever, 

Hebard (1913) proposed three subgenera., namely Allonemobius, Heonemo-

~ and Eunemobius, for the lfearctic species, all being distinct 

from typical Old l'lorld Uemobius. He also proposed a fourth subeenua, 

Brachynemobius, to contain sone J.rerican species. I·~embers of aIl but 

this last group have been available for the present stud,y. 

FUlton (1931) indicated that genitalic characters supported 

Hebard's separation, and Davenport (unpublished,1960) agrecd on c:rto­

logieal eroul1ds (see p. 9). Recently, Vicker-J and Johnstone (1970), 

on the basis of the stridulation, eenitalia and other norpholo&ic~l 

characters, have shawn that the apecies of !fearctic Jremobiinae, forner1:r 

placed in Nemobius, and later transferred to Pteronenobius by ~hopard 

(1967), belong to (at least) four distinct eenera (not one genus vith 

three subgenera). rP:IC!le are :!ebard' s !feonemobius, .Ulone::lobi1.l3 and 

Eunemobius tosether vi th a nc·" c:;enu8, Pictonenobius. iionr.: ia v,,:::y 

0108el:r related ei tacr to r.eoo~ius, .!.~., or to Pteroner:!obius~ 

al thougtl tlley 3aVC CON in co;:smon vi th the latter and hclonr; to the 

' __ ._._~u-..'~" ----,,, ___ . __ ... -.. 
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sane tribe (Pteroneoobiini). Their generic sta~ts i3 confirmed on 

cytoloeical erounds by Lim (1971). 

Johnstone ~~d Vickery (1970) have also made certain correc-

tions in the specifie nomenclature of liorth American Iremobiinae, 

particularly in respect of the species naoe palustris (31atchley). 

AlI of the species in which the rnaJ.es have subdistal tibial glandular 

spines (including those belonginë; to the lfearctic genera rererred to 

above) are nov included by Vickery (in preparation) in the tribe 

Pteronemobiini. 

With reference to the systematics of the single ITew Zealand 

species of lfetlobiina.e studied, li ttle can be said at present, ezcept 

that i t belongs to the Hemobiini. This tribe is in very senous need 

~ 0 0 

0 ... rev~slon. Johns (1970) indica.tes othe present unsatisfactory ta.%::>-

nomc situation regardine the Uew Zealand species, but his sugeestion 

that the species should be referred to Pteronemobius, rather than to 

Nemobius as formerly, is (at least partially) incorrect. The species 

here considered can only be referred tentatively to a systematic 

posi ti on possi bl:r associa ted vi th the Australian ''Ii emo bius" '01 vi t ta tus 

(Valker) (see Chopard,1951), but apparently not to the genus l1emobius, 

s. str. - -
3. !~terials and l~ethods 

1. )1'.8. terial s : 

The systematic positions, origin and histor,y of the species 

used in this study are as follovs: 
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3ubfaoily Gryllinae 

?ri be Oryl! ::i 

3ubtri be Gryllina. 

Genus 

Gryllus 

Acheta 

0171100es 

Scapsipedus 

Speeies 

veletis 
(Alexander &: 
Bigelow, 1960) 

Ori&in 

3.1-1. Quebee 

History 

reared in the labo­
rat ory Binee 1969 

pennsy1vanieus S.H. Quebee 
Burmeister,1838 

reared in the labo­
ratory sinee 1969 

assimilis Antieua 
(Fabrieius,1715) Jamaiea 

both reared in the 
laboratory sinee 1959 

bimaeula tus 
De Geer,1773 

bermudensis 
Caude11, 1903 

rubans 
Scudder,1902 

ea.mpestri s 
Linnaeus,1758 

firmus 
Scudder, 1902 

domestieus 
(Linnaeus, 1758) 

siçillatus 
(tlalker,1869) 

margina tua 
(A.fze1ius et 
3ranniuB, 18o!~) 

Azores (3ta 
I~ria) 
Sineapore 

3ermucia. 

Fl ori da 

Hungary 

Floriàa 

reared in the labo­
ratory sinee 1965. 
field eolleeted in 
1968 by Dr. T.~. Chen 

reared in the labo­
ratory ainee 1959 

field eolleeted in 
1970 by Dr. T.J. 
ifalker 

field eolleeted in 
1970 (apent a short 
time in inseet house 
in 3udapest Zoo 
before reeeivedfrom 
:Jr. B. nagy) 

reared in the labo­
ratory ainee 1962 

S.n .:;''Ueooe r~ared in the labo-
(eosmopoli~~J ratory sinee 1961 
Cld iiorld) 

PaY..l.atan 
(tropieopo­
li tan, Old 
:forld) 

reared in the labo­
~tor7 sinee 195~ 

Jacaiea reared in the labo-
(.A..frie~intro- !"ator-.r sinee 1959 
duetion) 



:!elanoçrlllus desertus 
(Pallas, 1771) 

Jubtribe Sciobiina 

rpartaro[;r;rllus burdi[,"a.lcnsis Jl..zores (sta 

(Latreille,1802) Haria) 

3ubfa:tily Henobiinae 

Tribe Ptcronemobiini 

:ieone!!lobius 

Allonemobius 

iJ'Unemobius 

Tri Oc ~rccobiini 

• il 

';iemob1US • 

falustriS 
Bla.tchley,1900) 

sp. near 
mornonius 
( Scudder, 1896) 

fasciatus 
(De Geer,1773) 

allardi 
(Alexander & 

Thomas, 1959) 

~seus criseus 
$.r.t. ifalker, 
19(4) 

ca.rolinus 
ca.rolinus 

(Scudder, 1877) 

Sp.? near 
bivittatus 
(iialker,13a9) 

Lac Ca.rré, 
Quebec 

?lorida 

Pincourt, 
Quebec 

Pincourt, 
Que bec 

?i .D. du Laus, 
Quebec 

Pincourt, 
Quebec 

Y.aikoura, 
Hell Zea.la.%ld 

field collected i,-

1969 by :Jr. 3. :;~~ 
and subsequently 
rearerl in tÏ1e labo­
ra tor~" in 3udapest 
and, in 1970, !!aC­
donald Collece 

re(lred in th.e labo­
ratory since 1965 

reared in the labo­
r~tory since 1968 

field collected in 
1969 by Dr. T.J. 
Halker 

field collected in 
1969 by Jr. Y.R. 
Vickery 

field collecteè in 
1969 by Dr. Y.:1.. 
7ickery 

field collected in 
1969 by Lyman ;·~seun 
3taff 

field collected in 
1969 by Dr. V.~. 
Vickery 

fiel~ collectcd in 
1970 Dl Dr. P. Johns 

.. Pteroneaobius of Johns (1970), but not this cenus; acrr~'!B better 

vi th current concept of lIeaobius, ;rhich. i8, !lO".rever, in need of 

rovision (Dr. V.R. Vickery, persona! coccunication,1971>. 

23. 
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Unless otherwise stated, the stocks frorn wbich laboratory 

cultures originated were field collectcd at different times by various 

members or former meobers of the Departcent of Entomolog,y, HcGill 

University. 

Throuehout the study, nynphs of the last three pre-adult 

instars vere used to provide both testes and avaries for cytological 

examination. alI the data recorded, however, were obtained from 

testicular follicle cells, because, in immature avaries, oitotic cells 

are rare and no meiotic division occurs. The oogonial metaphase was 

used merely to confirm the expected female diploid chromosome number. 

2. Methods: 

a. Cul ture and rearing 

The culture and rearing methods used through the present 

study ;rere the standard ones adopted in previous studies on crickets 

in the Department of Entomology, McGill University (Ghouri and HcPa~ 

lane,1957). 

b. Cytological studies 

After anaesthetizing the crickets vi th eth,yl acetate, the 

gonads vere dissected from living individuals in insect saline (Daker, 

1950), fixed in Farmer's fiuid or Carnoy's fiuid (3mith,1947) for 24 

hours, and ther. stained according to 3nov's method (Snov,1963). Te~ 

porar.r squashed preparations vere cade in most cases. The coverslips 

vere ringed vi th a mixture of paraffin and vaseline, and the slide 

thus prepared rel2ained in a. satisfactor"J state for four to five veeks. 



() 

A permanent dry-ice'freezing method (Darlington and La Cour, 1962) vas 

also used occasionally for special purposes. For further details of 

the methods use d, see Lim (1968). 

c. Analysi s of da ta 

Drawings of chromosome complements vere made vith the aid 

25· 

of a camera lucide at a magnification of 1250X. The ch=omoso~e number 

vas detcrmined b:r first counting the number in the spermatogonial 

metaphase, and then confirmed by deterr.dninc the haploid number in 

both the first and the second meiotic divisions. The chromosomes 

vere differentiated into four gr~ùps accordine to the position of the 

centromere and t~e arm ratio, as proposed by Levan et al. (1964) and 

modified by Lim (1968): (1) metacentric (H): am ratio=1.00-1.30; 

(2) submetacentric (SU): arm ratio=1. 31-1.70; (3) subtelocentrie (ST): 

ara ratio=1.71-7.00; (4) acrocentric (A): arm ratio=7.00-oo. Centro­

merie index Ch) vas calculated from the formulal=100s/c vhere G -the 

length of short arm and c total lenBth of the cnrocosome (Levan et al., 

1964) • 

A side-screv divider and a triangular boxwood metric scale 

(both supplied by The tIughea-OWens Co., !,:ontreal) vere used as tools 

to measure the lengths of the chrotlosones (nainly fron drawin{;s). '!'~e 

total cnronosome lenet~ (TeL), a-~ ratio and ccntrooeric index vere 

thcn calculated. Idio(;'!'aOs of the Y..aryotnes Aere ;:w.dr:! accoroin:; to 

the data obtained. In the idio[;ra.os, the CL1r0:1030:::e:J "NCrp. a:::-r?_n_:eo. 

in order of descendir.c- length of the s!to:::-t artl. '::'he" f'J..·-H:z.::lCntal 

nuo~!"n ia the total nuJ:lOO:::- of ar::Js occurrinc in t=.e :!.~to::o::e~ o~ 't::e 
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di.ploid set (I:a.tthey, 1951). The ratio of X/LA is the lengtn. of the 

X chromosome divided by that of t~e l~rcest autosome. 

~rine diaJr~nesis, aIl the eÏlrof;losones beeooe condensed and 

can be distineuished individually. 'ihe sllape and structure of the 

cbxo~osomes are more or less constant at diakinesis, whieh ia the ~est 

stace for studyine the frequency of rine-formed chromosomes. Tnus, 

all of the analysis of this type of data was carried out on cells of 

this sta[.-e. The freCluencies of unequal bivalent, terminal and inte~ 

stitlal chiasmata were measured at metaphase l because tuese characters 

could be observed I!lost clearly at this stage. During the diplotene, 

the chromosooes usually show maximum ehiasl!Ia frequeney and eaeh chromo-

sorne cau be distinguished; ehiasrnata were thus most eonveniently studied 

durinc this phase. 

As all the chromos omal eharaeters undergo sorne change durine 

the different stages of meiosis, the data presented for eaen eh.a.raeter 

apply only to the partieular staees of development indieated above. 

c. Resulta 

1. Chro::losoce ITumber:J: 

The chromosome numbcrs of the specip.s studied are listed in 

the follcr..n.nC ta":lle (r.t:l=mitotic oetaphase; !.rt=ceiotie metaph.a.se 1; 

nII=meiotie I:lC te.p~se II). 

SUbfatdly Ge nu 5 Species :rlÔ ~.,-9 :~cr ~crI3 

Gryllinae G;yllus velcti!3 29,30,31 15,16 14,15,16 

I:en.'1sllvanicu3 29 30 15 14,15 
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, 
\ 3ubfaoil.7 Cienu:J Species mnt 0.:'29 !J:ô ~J:Iô' 

Gryllinae Gryllus aS3ir.lilis 29 30 15 14,15 

bioaculatus 29 30 15 14,15 

27,29 - variable variable 

beroudensis 29 30 15 14,15 

rubens 29 30 15 14,15 

campe stria 29 15 14,15 

firous 29 30 15 14,15 

Acheta domesticus 21 22 11 10,11 

Gryllodes si4"i11a tus 21 22 11 10,11 

Scapsipedus margina tus 21 22 11 10,11 

Melanogry1luB desertus 21 

Tartarogryl1us burcligal ensi s 19 20 10 9,10 

Nemobiinae lTeonemobius palustris 19 20 10 9,10 

sp. near 
mormonius 19 10 9,10 

Allonemobius fasciatus 15 16 8,9 7,8,9 

al la rdi 15 16 8 7,8 

griseus 
griseus 15 16 8 1,8 

Eunemobius caro1inus 
ca.ro1inus 1 8 4 3,4 

'Hemobius' sp.? near 
bivi ttatus 21 11 

() 

Ii~~"'-"-" 
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chrooosooes at the same pole as t~e X c~-ro~osooe (?iC. 25); (iv) ~"o 

supernuoerary chromosomes, one at the opposite pole and one at the 

same pole as t~e X chromosome (Fig. 26). Only 6 individuals (out of 

20 stuàied) vere without a supernuoerary chromosooe. ~~e male diploid 

number vas 29 (DP=15) (l~cs., 27a,b) in these individuals as previously 

reported by Randeil and Y.evan (1962). In sorne individuals (7 out of 

20 studied), one or ~"o supernuoerary c~rorn030oes occurred in some 

cells but not in others, even of the same inàividual. During anaphase 

l, the supernumerary chromosomes, in some instances, moved to the same 

pole as the X chromosome (about 42.9%), while in others, they moved 

to the opposite pole (about 49.7%) or rernained at the equator area 

(7.4%) (Figs. 28a,b). At telophase l, the supernumerary chromosomes 

either moved to the end of the poles or reoained at the equatorial 

plate. T'ne:! formed sma11 vesicles vi th a structure similar to that 

of the X chromosome at interkinesis (Fig. 29). 

Polyploid cells (l!"ig. 30) and sticky brid.f;es at anaphase l 

(Fig. 31) occurred occasiona.lly. AlI of the chromosoües vere homo-

morphic(Fie. 32), no heteromorphic pair vas observeà. The frequencies 

of the chiasmata and ring-formed chromosomes are sumcarized in Tables 

:ca ,;CUI ,XXIII, ?i.e. 194. 

(2) G. pe~~sllvanicus 

lio supernumerar.1 chrODosome vas observeà in this specie3. 

The diploid cnromoBone n~~er vas 29 in the male and 30 ih the fecale. 

T'!1ere' vere only three acrocentric pairs (1,2 al'là 10); seven subtelo-

contrie pairs (;,6,7,8,9,12 a.'ld 13); tvo subaetacentric pairs {4 a.'ld 
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9); a;ld trTO metacentric pairs (3 a.'1d 14). T}le:~ chror:losone ,ms t:1e 

largest metaccntric. ~he mean TeL was 147.45p, ranGinc fron 135.92p 

to 158.56p. T'ne fundaoental nU:'Jber vas 50. The ratio X/LA iras 2.63 

30. 

and the averace lenct:: of eacll chromosome vas 5.0ap (sec Tables I,I!!, 

AlI of tn.e chro:nosor.:es l'Tere con.'1ected to eacn. other a!1d 

closely aS30ciated with the nucleolus du.ring early meiotic prophase 

(Fie. 34). A.t metaphaae I, a single uneClual bivalent appeared in sorne 

cells (about 30%, froc 1G individuals) (FiS. 35). A aticky bridse 

confi~~tion occurred in sorne of the anaphase l cella (Fi6. 36). 

The frequencies of chiasmata and ring-formed chromosomes are summarized 

in Tables ;CU,:CŒI,j:ŒII, Fie. 194. 

(3) Q. assir:ri.lis 

(a) Antieua. population: 

The 3peroatc~nial complements shoved 29 chromosomes. The 

kar:rot:n>e cons:'ated of four acrocentric pairs (1,4,5 and 11); seven 

subtelocentric pairs (2,3,6,7,8,9 and 10); one subcetacentric pair 

(12); and two metacentric pairs (13 ~'1d 14). The X chromosome vas 

the lareest metacentric vi tr! a.'1 am ra ti 0 of 1.12. The mean '.N::L vas 

156.0111, ranc:;inc rro:! 141.68Jl to 178.40J1. The fundame!'1tal number vaa 

,~8. The ratio X/LA was 2.33 and the averau'"e lcn[,-b of eac::. cnromoaooc 

vao 5.37p (sec Tables I.IV, ?iL~. 3,;9,37). 

The size L:!.nd t!!e s!1ape of t!le spe!"O.:l.tiri (:·~ca. >~a, b) a..'1ri 

of t!le early sper::l (?ie. 39) vere quite diffe!"ent fro!:! t:-!os~ of other 



Gr'Jllus species described previously. The spermatids were almost 

rectangie-snaped instead of oval- and spindle-shaped, as in ot~er 

Gryllus species. The X chromosome sometirnes wes cross-shaped instead 

or V-shaped at metapflase l (FiG. 40). Fo heterollorphic chromosome 

occurred (Fie. 41). The frequencies of chiasnata anà rinL-formed 

cnromosor.tes are 6Uf1!:!arized in Tables i-:Œ,X.:ŒI,::cuII, Fi;:. 194. 

(b) Jaoaica population: 

31. 

The llorpholoc::r and behaviour of the chromosomes were similar 

to those of the Anti~ua population, as expected. All of the chromo­

somes were homomQrphie(Pic. 42). ~ne frequencies of cp~asmata and 

rinc-formed chromosomes are sumna.-""Ïzed in Tables XXI,XXII,~{'''C[II, Fie. 

194. 

(1\.) G. bi r.la.cul a tus 

(a) Azores population: 

This species has the smallest-sized chromosomes aDone the 

Gryllus species studied, and there was ver'J little differenee in 

lencth between eaen chromosoI:le pair. The t:lale diploid chromosome 

nurnber was 29. ~ne karJotype consisted of nine ~airs of acrocentrics 

(1,2,3,4,6,7,8,10 and 13); rive pairs of &lbtelocentrics (5,9,11,12 

and 14); and a metacentrie X ehronOBo;ne. T'~e mean TeL was 104.97Jl, 

ranei.ng froo 95.84p. to 114_ 32Jl. The funda.men~ nunber was 38. The 

ratio :c/LA was 2.34 and the averace lencth of eac:: e:-~romoBo:::te was 

3.5~ (sec Taoles I,V, Fies. 4,19,43). 

7he nucleolus (1 or 2 in number) vas alva7s found to ~ 
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associated. nith the X chro::1osome durinc meiotic prophase and they 

remaincd in t~e nucleus until early diaY~en6i6. AlI of the chromosomes 

lIere àocociorphic(Fie. 44). T:'le shape of t!>.e early spermatid ""as tri­

antular (r~~. 45) instead of aval -shaped as in cost Grillus species. 

The frequencies of chiasmata and rinL-forrned chromosomes are sumnarized 

in Tables XXI,XXII,XXIII, Fie. 194. 

(b) Singapore population: 

~'le population from 3ineapore survived throueh one cenera­

tion only. !Io eGe was prociuced by any female of the F
1 

offaprine. 

Cytological aberrations were observed in the F1 generation 

and the chromosome nurnber varied aven ri thin a sinGle individual. 

~ne male haploid chromosome numbers scored from 6 F
1 

individuals were 

as follows: 

chromosome number (n~) 

no. of cells involved 

per cent 

13 

6 

2.0 

14 

100 

33.3 

15 

110 

36.7 

16 

54 

18.0 

17 

28 

9.3 

18 

The stickiness of the chromosoces in the P1 (lô/~.6. 46) vas much [.Teater 

than in the .A.zores population; the chromosomes of rnost of the cells 

forced a IllaSS, so that no detail could be observed. Other chromosomal 

aberrations such as unequal seé-regation (Fig. 47), a synap si s, fra&­

mentation (Fis. 48), polnloid cells (Fig. 49), chromosomal bri~~s 

at anaphase l (?it:. 50) and telophase l (i"iC. 51), rrul tinuclei (?ie. 

52) and la&:.~ne cÏlrOmo80ces at telophase l (FiC. 53) lIere observed in 

the F 1 male of'fsprine. T'n.e F 1 f'eoale offspring snoved a.bnormal ooge­

nesis and had onlj sterile avaries. 
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?!fe nales f'ro!: the parent eeneration lIere ::.lso studied. 

::ore t!la-.l1. half of' th.e cells (about 68.7%) ~d Cl diploid chrO!:lOSO!:le 

nunoer of 27 (n6=14) instead of the nor''''''] nunoer 29. Achro!!l2. tic 

LaPS occurred ~t netapha,se l (?i~. 54). 

(5) G. bernuiensis 

'l'"..renty-nine chromOSO!!les 1·rere COU!1teè. in sl'er!CJ(! tOGonial neta-

The chro!Joso!Je pairs of 2,12 and 1·1 were short to lonc s'..lb::!eta-

centric; those of ?:!irs 3,5,6,7,3,9 and 11 iTere subteloce!1tric; the 

·"a.t).· 0 <fT A 'r""s 3 10 ...,.,.,,1 +hp ~"Ir,:t.~r·e le","-rl:nt 0_'''' C."-~~.'_ e_·_' ....... o . ..,o~.-o ..... --~ .. j •• ~:"I_~.' _ •• .lU. ,'.;.. • - _" -- 'J - "",v ----""0 --~ ". .- ... ,-. - ~ 

5.1OV (see Tables I,YI, ?j~s. 5,19,55). 

and i t sO!!leti!!!l3:J still re~ined. at the cQ.uator a:r-ea H:1'":!l ::.1J. of t::.~ 

(?i.:;. 57), Ot..lt rol;:r;.·loid cell::: "!fere oO:Jer-red. occ::!.o~o!'":::.lly (~.:..:. 5~~. 

'l'he frC(lUencies of chias:1.at::. and rinc-forr.led cnro:loso:nes are sU1marized 

(6) (j. rubans • • 

The nale diploid !!!.t:1~!' was 29 in t!llS apeciea. Tl:e Y.,er;r0-

tYrC eonsisted of seven acrocentric ?a:rs (1,2,5,6,7,9 ~!l~ 11~; ~nC 

suhtelocentric :pëÜ!'S (3 a::~_ 12;; four !r.':::J:-:etacer.tric ?ai:-s (3,,~,1C' 

a!Hi 13); and. one ::;et~entric pair 
, ~ , , 
. 1 LI. f • . .. 
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largest riletacentric ;rit::;. an arn ratio of 1.19. 'l'hl:: nean rocL vas 

120.1111, rangine froI:l 110.8Op to 130.12J,1. 'l'he fundarnental number was 

42. ~ne ratio X/L}. ;ras 2.65 and the average length of each cnronosome 

vas 4.14J,1 (see Tables l,VII, Fics. 6,19,59). 

The sticky substence which foroed t~e interbivalent connec-

tions ;ras very pronounced in this species. It was found to occur not 

only at prophase !, but ;ras also observed at netaphase I (FiC. 60). 

In sorne cases, a non-homologous association occurred, i!'1volvinc the 

centric end of one bivalent and the non-centric end of another (Pir. . ~ 

61). 'l'he phenomenon l'ras quite unusual in the 'norna.l' (laooratory) 

population, althoueh the interbivalent connection was fo~~d to be a 

chrooosonal abnormal~t:r frcquently produced by c>.cnical or radiation 

treatocnts (as describcd later in Chapters II! and IV). Achronatic 

&aps and, occasionally, c~romosome breaks werc observed at oetaphase 

I (FiC. 62). sticky bridGes (in about 1.6~ of t~e cells) occurred 

at anapÏ'>.aae I and telophase I (Fig. 63). One or t'Wo heteromorphic 

bivalents occurred (:'1C. 62). The frec:uencies of c::iasr.tata a..'1d. rin[!-

formed c11rooosooes 3.-"'"e stc:t::larized in Tableo ;CG,:C:!I,:C'CIII, ?ic. 194. 

(1) G. cagpestris 

Tvo specioens co11ected in the fic1d. so!::e 15 k::t ~~. E. of 

3udapest, ;:un.:;ary ( and.. 3u.bsCtluentl:r transfr;;rred to t:-~e i::3ect ~1.0USt; 

at the Juda.jX!st zoolo: .. :ical park ":>e:-or~ t:-a!~sci ttal to ~a.na~) \1<;re 

studied. Tho ~e diploid c::lrooosoce ntc:l!>e:' ,las 29, as rr:porteè. for 

t~e çecies bj Oh:lac;~ (1929,1935). T't'.ere iras ver-J li~tle variatior. 

ir. len,[.--tl! betveen differe!1t pairs of autoso!:!es, a.!'.è. ::ost of t:1e 
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C:lromosooes i'fere roè..-3~aped. T!le Y..ar'yot,'j']?e cO!1sisted of nine acro-

centric pairs (1,2,3,4,5,6,7,9 ~~d 12); t~ree subtelocentric pairs 

(8,10 ~~d 11); one submetacentric pair (13); ~~d one metacentric pair 

(14). The X chrooosome vas cetacentric wit~ a secondary constriction 

on the proximal enrl of the short aro. The mean TeL 1-ras 119.33Jl, 

raneinc froc 96.56Jl to 137.36~. ~le fundamental nucber vas 38. The 

ratio X/LA was 2.64 and the averace leneth of each chromosome was 

4.11Jl (see Tables I,V!II, ?ics. 7,19,64). 

The chromosome mass of the two individua.ls studied \018.8 

extraordinarily abnormal. The chromosomal abnor~ities included: 

breaks (Fie. 65), ~-aphase bridee (FiC. 66), stickiness (Fig. 67), 

c-mitosis (Fic. 68), polyploidy (Fic. 69), numerous univalents (Fig. 

70), lagcinc chrooosooes (Fig. 71), non-disjunction (FiG. 72) ~~d 

unequal seereL~tion (FiG. 73). ~ne frcquency of the abnormalities 

is recorded in Table IX. ~he decroe of stickiness varied froc a fev 

li&~t staininG thread-like connections between bivalents formi!1€ a 

pseudomultivalent (Fie. 74), to a condition in vhich aIl the chromo-

somes lIere clumped into a large dense mass (FiC. 75) or a fev sma11 

mass groups (Fie. 76). AlI cells vere polyploid or shoved chromosomal 

abnormality in some testicular follicles (Fig. 77) in one of the in-

dividuals. T'ne c:U-O!:losomal abnoroa.li ties in the seant:! l:Iaterial 

studied for thls species lIere sim:i.lar to those produced by chelllical 

trea taent, espec1a1ly b.7 phenol cOLJPOU!lds (see Chapter II!). 

(8) G. firmus 

The male diploid chromosome nuaber lias detertrl.ned as 29, but 
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no study of the details of the cnrocosome structures was made. 

(9) Grlllus hybrids 

!"Iybrids betwecn several species of Gr'Jllus \fere studied 

cytoloeically by P~dell and Kevan (1962) and various abnormalities 

in the chrol!1osomes \fere described. Ho effort was r.lade, therefore, 

to duplicate the particular crosses already made by these authors, 

but, since the present york is lareel:! concerned wi t!1 ch:rornosomal 

abnormalities, numerous and repeated attempts \fere cade to produce 

hybrids from other crosses betrTeen available species. none of these 

hybridization experiments rras successful and no progeny (and, there-

fore, no cytoleoical material for the present study) \fas obtained, 

although some interspecific pairing occurred in sorne cases and ovi­

position of infertile eggs sometimes occurred. Thus, althoueh the 

production of hybrida from several different crosses between Gryllus 

species is possible (see pp. 18 and 19), other species seern to be 

genetically incompatible. 

The followine vere the unsuccesaful crosses attempted: 

G. bicaculatus, fel!!ale ;C G. veletis, male; G. veletis, female X G. 

bimaculatus, Dale; Q. asoimilis, female X,2.. bermudensis, male; Q. 

bit!l3.culatus, female X Q. aS3imilis, male; G. bermudenais, female X 

G. aS3icti.lis, cale; O. bermudensis, fenale X G. biaaculatus, !:!ale. -. -

ii. Genus Acneta 

lu docesticus 

TYenty-one cnroDosomes vere counted in gpc~toeonial 

36. 
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metap~ase. ~~e kàryotype consisted of four acrocentric pairs (1,2, 

4 and 5); one su'!ltelocentric pair (3); two suo!:letacentric pairs (6 

and 8); tnree metacentric pairs (7,9 ~~d 10) plus the larcest of the 

metacentric c:lrOl'lOSOoes, the Z chrom08one. The Dean TeL was 110.8411, 

ran~'"ine froD 88.6411 to 129.3611. The funè.a.mental nunber "rI'as 32. The 

ra ti 0 X/LA was 2.94 and the avera.:;e len.::;th of eacrl. chromoso!!!e was 

5.27~ (see ?ables I,X, ?ies. 8,19,78 ). 

37. 

At diakinesi s: t!~e :c chromosome still remained mass-struc­

tured and deep-stained as in the earlier prophase. Th~refore, the 

chiasma. frequency in this species was measured o!'":ly froT:! t:~e autonomes 

and excluded the X chromosome. AlI chromosomes lfere ho:nCalOrphic (?ic. 

79). ~ne frequencies of chiascata and rins-formed chromosomes are 

sunoarized in Tables XXI,~al,~\III, Fig. 194. 

iii. Genus GElllodes 

G. siçillatus 

The male diploid chromosome number was 21. Ten pairs of 

autosomes and a sinGle metacentric X cnrooosome were observed. Pairs 

1,2,5,8 ~~d 10 .ere short to long acrocentrics; pairs 3,4,6,7 and 9 

vere subtelocentricsj no submetacentric or oetacentric autosome 

occurred. The mean TeL Ras 100.5611, rancint,; from 86.5611 to 11 3. 36\1. 

The f'undamental number vas 32. T:'le ratio x/LA lias 3.10 a.~d the averace 

length of each cilrollosome vas 4.7811 (see Tables l,XI, ?iCa. 9,19,80). 

A sineJ.e unequal bivalent occurred in metaphase l (Pie. 81), 

and nchromatic gaps appearcd in some cella (?:i.e. 81). .An ?rbrid..L"'8 
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vas observed in some a.."1aphase cells (Fie. 82). ?h'3 sllape of t:te early 

spermati~s vas quite different from ot~er species (FiC. 83), oore or 

less seci-circular, haIf beine deep-stainins a.-"1d half light-stainine. 

SOCle early spernatids had a concave sur:face. T!le late spermatids 

were elon(;.-a.ted vi th. a sr.l.~ll triane;u1ar or oval-shaped, deep stainine, 

apical structure, which vas separated fron t~e main body and later 

disappeared (Fies. 84,85). The frequencies of càiasmata and rin~ 

formed chromosomes are mwru.~rized in Tables &XI,~{II,XXIII, FiC. 194. 

iVe Genus Scapsipedus 

s. marçinatus 

The male diploid chromosome number lias 21. The kar"Jotype 

consisted of t:1ree acrocentric pairs (1,3 and 4); t'Wo subtelocentric 

pairs (2 and 5); t'Wo submetacentric pairs (6 and 8); a.~d four meta-

centric pairs (7,9,10 and tue X chromosome). The Mean TeL was 134.92}l, 

rancine from 108.88}l to 160.00Jl. The fundamental number ;ras 34. m' ..!.ne 

ratio x/LA vas 2.19 and the averac:;e lencth of eaeh chromosome jo(as 

6.42~ (see Tables l,XII, ?ics. 10,19,86). 

The cells were mainly hooaDorphic(?iC. 87), but in a fev, 

(about 6.1~ from 20 individuals), sincle ur~equal bivéüent occurred 

(Fii::. 88). 
en 

This vaslasymmetric unequal bivalent, i.o., heteroaorphic 

pair vith ditferont centrooere positiona. -?!lis mie:.t :::3.ve ooon an 

occurrence of abnormal aesre.:;a.tion of the bivalent. Achrooatic caps 

occurred occasionally (FiC. 89). The frequenciea of c~ias;:w.ta and 

rine-formed ch.romosor:aes are SUIlIZlarl.zed in Tables :0::, :CC!, :calI, ?iC. 

194. 
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v. Genua Helanoçryllus 

u. desertus 

39. 

Only one male specimen was studied in order to confirm the 

cnromosooe number found by Brunelli (1909). The karyotype and the 

idioGTaI!l of this species ;rere a.lso studied. Brunelli (1909) reported 

only the spermatoGonial number as 21; he neither described nor fig~red 

the shape and size of the chromosomes. 

In the specimen eY..amined, the karyotype consisted of three 

acrocentric pairs (1,2 and 6); one subtelocentric pair (3); five sub­

metacentric pairs (4,5,7,8 and 9); and one rnetacentric pair (10). 

The X chromosome was metacentric witn an arc ratio of 1.15. The mean 

TCL was 145.1Ûll, rangine from 135.60J.l. to 156.08}l. The fundamental 

number was 34. The ratio X/LA vas 1.89 and the averaGe lent-th of 

each chromosome was 6.9Û}l (see Tables l,XIII, Fies. 11,19,90). 

3ecause only a youn~r-instar nymph was studied, no meiotic 

division was observed. 

vi. Genus TartarogrJllus 

T. burdigalensis 

The spermatogonial complement vas round to be 19 in this 

species. ~ne karjot1Pe consisted of three acroccntric pairs (1,3 and 

6); three subtelocentric pairs (2,4 a."1d 5); one suboetacentric pair 

(7); wo I!letacentric pairs (8 and 9); and t!le larceat, a. oetacentric 

X chrocoooce. The mea."1 TCL vas 124.9B:u, ranginc trom 107.7611 to 137.84Jl. 

The f'unda.tlental nUtlOer vas 30. The ra:tio X/LA vas 1.71 and. the averace 
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len(;.-th of eacb. chromosome was 6.5711 (see Tables I,XIV, Pigs. 12,19, 

91). 

The X cnroaosoce formed a dense mass tnrouehout aeiotic 

prophase (Fie. 92). Tnerefore, no detail of chiasma frequency in the 

X chroc030me was oeasured. A sincle uncqual bivalent and achromatic 

caps occurred in sorne r.!etaphase l cells (J'ie. 93). Tl~ree or four 

rinc-formed chror.loso~es usually occurred in diakinesis (Fie. 94). 

The f'requencies or ciliasoata and rine-forrned chromosomes are SUIn-

oarized in Tables XXI, :CŒI, X7..!II, FiG. 194. 

b. 3ubfaoily }Ternobiinae 

i. Ge?1U3 Heoneoobius 

(1) !r. palustris 

The cale diploid cnrornosor.lc nUr.lber wa~ 19, ana aIl autosomes 

;Tere acroccntrics. T:J.e X cnromooo:Je 101::1.3 netacer.t!'ic wi t:: a large· 

li,::tt-stainine heteroc::ror:latin re[.'"ion at the end. of eac:, aITI. T~e 

nea.:1 TeL ""as 97. 92)1, ~n.:..-inc fron BO.7I)p to 132. 6Ûll. ?l1e fundaoental 

nuo~e!' .,ras 18. ':'::03 mtic x./U fias 2.2,3 an;l t::c averace lencth of eac?i 

c~onosorne "as 5.15~ (see Tablea I,j~, ?iC3 • 13,19,95;. 

vere aS:JOCÏ<:l tcG. ,ri t:~ e:!.C~; other to ~oro a t::ick i !'re.:..-ular :naS3, one 

part (2/3) 3honin~ !:.e-:erocb.rocatin a!"ld the ot~~e!' part (1/3) eucaro-

catin (?le. 96). .l.. 3incle or double '.:>ri d...:;û occ"..!.r!'ed a t a::1apn.ase ! 

~d II (FiS. 97); bridces also occurred at telo?~aoe ~, Tc (?iC. 98) 

-_ ...... . 



41. 

t _ ·n~!3 ~s foll O'"'ri'S: 

r~ brid.(,°es 
3ta.c;es 

i~ y 

Ho brid.çe One bridGe T\-ro bridges 

a..l'laphase l 52.13 40.00 1.21 

a.."'.a.phase II 89.13 10.81 

telopna.se l 19.91 19.16 0.93 

telophase II 80.49 19.51 

A sinele tl.."'1e'lual bivalent occurred in I!Jal1""y cells (about 58.417~) (FiC. 

99) a.."'1d achroma.tic caps '\-Tere observed in a fel; (9.111-·) (?ig. 100). 

The shape of the testis (Figs. 131b,c) Was quite different from that 

round in the cenera Allonemobius and Eunemobius. Of 12 individuals 

studied, the testes of 10 individuals appeared as in Fi~. 131c, and 

only 2 individuels as in Fig. 131b. The frequenciea of chiaarnata and 

rinc-forced chromosomes are surnr~rized in Tables x:C[,X7JI,k'~II, 

Fie. 194. 

(2) H. sp. near mormonius 

In this species, the male diploid chromosome number was 19, 

the same as 1;. palustris. The karyot;rpe could be distinguis:'led from 

that of the latter species by the presence of a verJ large pair of 

V-shaped autosomes. The species shoved t!l.e t;reatest C!lr0!:10some mass 

amona the species of liemobiinae so far studied. The kaz-Jotype con-

sisted of seven acrocentric pairs ( 1 to 1); one subtelocentric pair 

(8); and one metacentric pair (9). T"!le X chromosoce vas metacentrlc 

vi th more th~n ilalf' of i ts lencth !0.ovinC licht-stair.inc heterochro!Jatin. 

C) The mean TeL va.s 120.1611, reneine froc 101.601.1 to 138.1~. T:'1e 

./ .... #......--... _ .. -
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fundamental number vas 22. ~~e ratio X/LA vas 1.31 anQ the averaGe 

lencth of each CArocosoce vas 6.35~ (see Tables l,~rI, ?igs. 14,19, 

101) • 

The structure and behaviour of the X chromosome 1fere sirnilar 

to thoseof the X chromosome of 5. palustris, i.e., it showed partly 

heterochromatin ~~d partly euchromatin during meiotic division. A 

eiant nucleolus, vhich was not observed in the previous species, 

occurred at earlj prophase l (Fig. 102). The wo a.rms of the X 

chromosome were associated vith each other to form an irregular mass 

at metaphase l (Fig. 103) and sometimes it formed a sticky bridge at 

anaphase II. Âchromatic eaps occurred in some cells (about 20. T~) 

(?ig. 104) and chrocoso~l breaks (Pig. 105) vere observed occasio-

nally in others (6.0~~). Chromosonal bridges vere encounted at ana-

phase l and II (Fig. 106) ~~d telophase l. The frequency of bridees 

vas as follows: 

Stages 

anaphase l 

anaphase II 

telophase l 

!fo bridee 

G5.72 

93.11 

92.31 

~; bridt,"9s 
One bridee Tvo bridges Thrce brid.ees 

22.86 5.71 

6.89 

The shape of the testis (?iC. 131d) va3 different from that 

found in ?l. palustris, heine core or less bell-shaped and ver;! snall 

(approxicatel:r 1.0-1.5 n1!J in lenê..-th), one testis beirlC bic.:.,.-er tha.!"! 

the other in eaeh of wo individuals studied. 'l'he fr9G,uencies o! 

ch:iaseata and rins-foroed cnromosor.:es are su.':1::,~rized in ':'a"!)lea :en, 

42. 
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ii. Genus Alloneoobius 

( 1) A. fcsc:.:l. tus , , 

The male diploid chromoso~e number was 15. Seven pairs of 

acrocentric autosomes ar.d a sincle metacentric X chromosome "ere 

observed. The nean TeL rras 73.4211, ranginc from 67. 3211 to 84.1211. 

The f~~da~ental numoer ~(a3 14. The ratio X/LA vas 2.20 and the 

averace length of each cnromosome "as 4.8911 (see Tables l,XVII, Fies. 

The X chromosome had two short segments of light-staininc 

heterochromatin at the end of eacn arm (Fie. 107). Durine early 

meiotic prophase, t'le X chromosome appeared thicker and shorter, as 

compared ri th other species of Allonemobius, and took on a rinc-form, 

or vas J-shaycd or broken into pieces (Fi6. 108). 30~e individuals 

(2 out of' 12 studied) h:!.d an extra SIDall univalent in sorne cells, 

w~ch stayed apart trom the other bivalents at metaphase l (?ie. 109), 

~~d shofted positive heteropycnosis similar to the X chromosome durinC 

early prophase l. Translocation bivalents occurred in sorne cella 

(~~e. 110). Sticky bri~~s occurred occasionally (?iZ. 111). ~h 

testis vas in the foro of a drawn-out and contorted S or ru.ght be 

described as havin,:; a oustache-like appearal"lCe (leneth approrimatel.1 

.•• 5-5.0 OI!I) (?i.e. 131e). T'ne f'requencics of c!!iasmata and rine-f'ormed 

chromosomes are sun::larized in Tables x::a,:o:II,:CüIl, ?ie. 194. 

Cl 

... "' ........... , ........ . 
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(2) A. allardi 

rl'he l:l2.le diploid chromosome number fias 15. The karyotype 

consisted of six rod-s~~ped pairs and one sphere-shaped pair of auto­

somes, and the X chromosome vas metacentric with sorne lieht-staining 

heterochromatin regions at the end of each arme The mean TeL was 

74.40l.t, ransine from 69.08Jl to 83.48Jl. T'ne fundamental number was 

14. The ratio X/LA was 2.33 and the average lencth of eacn chromo­

some was 4.96Jl (sec ~ables l,XVIII, Figs. 1G,19,112). 

The X chromosome appeared as a long, slender thread, usually 

ring-formed in shape, at early rneiotic prophase (Fig. 113). It always 

moved to the pole more slowly than the autosomes at anaphase land 

sometimes formed a dicentric bridge at anaphase II (Fie. 114). The 

nucleolua was always associated witu the largest autosome. 

or three mfA bodies occurred in some cells (Fies. 115,116). 

One, two 

A single 

translocation bivalent occurred in soce ceta~base l cells (Fig. 116) 

and achrornatic t;aps occurred occasionally (Fie. 117). The shape of 

the testis (Fig. 131f) was similar to that of A. fasciatus but smaller 

(approximately 2.5-3.0 mn in length, from 14 individuals). The fre­

quencies of chiascata and riné-formed chromosomes are SUmr.Jarized in 

Tables XXI,XXII,XXIII, Fie. 194. 

(3) .!. griseus giseus 

T'ne Iaal.e diploid chromosome number vas 15. AlI of the auto­

somes vere acrocentrics, the lari:;est autosome vi th an extra small dot­

like piace attached to the mnor a.rti2 as a satellite chromosome. The 
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X chromosome vas metacentric vith three short liG~t-staining hetero-

chroma tin segoents at the end of eac!~ arme The ;;;ean TeL .. as 92.8Ûll, 

rancing from 82.48~ to 107.68~. ~ne fundamental number vas 16. ~~e 

ratio X/LA vas 1.95 and the averace length of eac~ chromosome vas 

6.15~ (se~ Tables l,XIX, Fi~s. 17,19,118). 

45· 

In early meiotic prophase, the X chromosome usually appeared 

rinc-forrned, as a fiCUre-8, or as a U- or J-shaped body (Fig. 119). 

It forrned a ring or a thick V-shaped body at metaphase l and II (Fics. 

120a,b), and usually rnoved to the pole more slowly at anaphase II than 

did the autosomes (?ig. 121). ~ne nucleolus usually stayed apart from 

the autosomes, but it sometimes became a3sociated vith one of the 

mediUl:l-size autosomes. A translocation bivalent (the 1argest auto­

some) vas readily detected in most of the cells of metaphase l (FiCS. 

122a, b). T:le amall translocation piece could also be obse::-ved in 

spermatoconial cetaphase and other staces of meiotic di'lision, but 

not so clearly as in metapr~se l. Achror.ztic gaps occurred occasio-

nally in some cel1s. C~romosoma1 bridcea appeared in a~phase II 

(about 31.5:~ of t:ne cella ni th chroJ:l030nal bridces, froI:: 12 indivi­

duals) (Fi..;. 123). Tl!'3 testis (?i.e. 131[;) ;ras of a shape siuilar to 

in len,s-th. Ttc freq'..1e::cies of chiasoata and rin[.-forned C!lr0r.10S0:len 

iii. Genus ~coobiu3 

B. cB-~linus carolinus 

T"nia species has the lovest ch.roooso:!e nw::ber reported in 
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Orthoptera, the male diploid chromosome number being only 7. ftJl of 

the autosomes vere metacentrics and the largestautosome had a secon-

dary constriction on the proximal end of the long arme The X chroco-

some vas submeOtacentric wi th an arm ratio of 1.41, and there vere 

sorne lignt-otaining heterochromatin segnents àistributed over each 

arme The total length of the X cnrocosome was shorter tÎlal'1 that of 

the largest autosome. The mean TeL vas 89.21~, ranging from 84.56~ 

to 93.2~. The fundamental nuober was 12. The ratio X/LA vas 0.97 

and the average length of each chromosome was 12.74~ (see Tables I, 

XX, Fi gs. 18 , 19, 1 24) • 

The X chromosome differ2ed from that observed in other 

nemobiine species studied and appeared as a dense mass at early 

meiotic prophase (Fie. 125). It vas not possible, therefore, to 

measure chiasma frequency on the X chromosome at diplotene. Poly-

ploid cells occurred (Fig. 126), and an unequal bivalent vas observed 

in sorne cells at metaphase I (Fig. 127). The testes vere elongated, 

and the acute end directed posteriorly (Fie. 131h); they vere appro­

ximately 3.5mm long. Bach testis consisted of 6 testicular follicles 

only. The frequencies of chiasmata and ring-formed chromosomes are 

summarized in Tables XXl,:cr.II,XXIII, Fig. 194. 

iVe Genus 'lfemobius' 

'!l. sp.? near bivittatus' 

46. 

Three acetic-alcohol pre-fixed specimens collected at Y~ikoura, 

South Island, Nev Zeala.nd (wo cales and one fel!lale, penul tiDate-inatar 

n,ympha) , vere received from Dr. P.!I{. Johns, Christchurch, llev Zealand. 
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Because of poor fixation, only sorne testis cella of one male indivi-

dual could he studied cytoloc:ically. From these cells, the chrono-

sorne number of this undescribed species of 'lTemobius' (=Pteronemobius 

sp. of Jo~~s (1970) see footnote, p. 23) rTas establiahed as beine; 

2115=21; nct=11. AlI of the chromosomes vere homozygous at rnetaphase 

l (Fig. 128). Ho further details of the chromosomes could he deter-

mined. The shape of the testis ia shawn in Fie. 131i. ~e result 

was, however, of &~eat interest as the number of chromosomes ia the 

hiehest known for 1femobiinae. 

D. Discussion 

1. Chronosome Humbers: 

ITarvey (1917,1920) sugé~sted that the most frequently occur-

rine chromosome number in a group mie;ht be called the "type number". 

This was considered to be the ancestral na~ber for t~e group, the 

other numbers occurring in the same group being derived from it. 

Nuite (1954), however, pointed out that there was no reason to believe 

that tl'le COtulonest number was prici tive or a.~cestral for a group, and 

he suggested substi tuting the term "model nucber", vi th no such special 

implication, as beine a core suitable te~. The model number for some 

Orthoptera is~ for exaI:lple, 2u.!=23 in .A.crididae, .!. str. (:Thi te, 195(~, 

1957a), 2nS=19 in the acridoid families P'Jrgomorphidae aY,d ?aI:lphacidae 

(mute,1954; Eakino, 1956), and 21lt =13 in Tetrigidae (Ro":>ertson, 1916, 

1930; RaJ"burn, 1917; i~, 1920; !iaOours and Hobertson, 1933; J'~sm, 

1937; White,1951a,1954). In Diptera, ~.o exaoples are: 2n(~t)=12 in 

Scatophaeidae (3o.7e9,1965) and 211(~ét)=10 in tee g-enus y'lota (3;rrph.i~) 
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(30yes an~ V~~ 3rink,1964). In Gryllidae, it is scarcely possible 

to consider a model number for the whole family because the chromo-

somes show wide variation in nunber be~neen eene~, althouch it is 

interestinG to note th.at the commonest nunber in the Gr-.fllinae, 2nt:. 

21, is also the hiehest nunber in the Fernobiinae. It is, however, 

poosible to indicate eeneric rlodel numbers, for oost of the cenera 

which have been stud.ied are virtually hoooeeneous in ti1Îs respect, 

wi th few exceptions (.e.I::., Pteronerlobius, llhic}l, in any Bvent appears 

to be polyphyletic, see pp. 10 and 11). 

2. cytotaxonomy: 

a. Karyot,7Pes 

i. Gryllinae 

In the cenus Gryllus, t':e chromosome number shows grea t 

at~bil:!. ty, all the species studj ed having a male diploid number of 

29, except for sor.te individuals of G. veletis havine supernur:lerary 

chromosomes, in which it was f~xnd to oe 30 or 31. Chromosome number 

alone t!1US thro'ifs li ttle lient on the taxonot:lY of this .:enua other 

thal'l to support the current concept of i ts 1imi ts. '7!le'c are, hcr.rever, 

extensive differences between the species in karyot,:;pic and other 

chromosor.Jal. chara.cte~s, such as the occurrence of rir.~formed c!:rono-

d il . ... ( n 0 1 -r-rT -r-T - -r7T T"" ..,.... ~ 1 94 ) somes an c l.asma"a , see _a ~QS .·~"'J..,.·.' __ l , .... _ ... :., "'.1.:... • 

01"'111U5 ve1etis, G. bioaculat'us (;'.zores popu1ation~' and G. 

ca..apeotris al1 showed sinilari t.:r in kar-JotlJle, in ttlat oost of the 

( e.atosotleo vere acrocontrics ami. S"..lbte1ocentricsj the fund.a:!lental 
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nlll'ilbers in t~ese three sl'ecies, also, were the lowest in the genus. 

~1e karyotypes of G. assimilis, G. pennsylv~~icus, G. ber~densis and 

G. rubens differred froc those of the fore(!oing three species, but 

nad certain features in common with each other: the chrol:losome nass 

consisted of a few acrocentrics, subtelocentrics, submetacentrics and 

metacentrics. The species studiei thus fall into t'Wo cytologically 

distinguishable eroups. HOnever, in spite of sirnilarities wit!'lin 

eroups, either no offspring or only sterile F1 offspring were p~oduced 

when crosses were made be~rf'een species, even wi thin one or the otller 

group (Cousin,1933,1946,1954a,b,1955; Bigelow,1960; Randell and Kevan, 

1962; see also p. 36). It is t!'lus clear that significant structural 

chanees have taken place in the chromoso~es during the evolution of 

these species, althoueh the changes have not led to anyalteration 

in the basic chromosome number. 

The biolo~~cal sienificance of any chrooosornal rearrange-

mont ia reflected in i ts aàaptative value and in ti!e possible pro-

duction of cytoloGÏcal isola~inC mechanisms between t'Wo Y~ryotypically 

different populations of t!le sa.me genus. Sucn isolatin(! mechanisms 

are of exeat importance in t~e l'rocess of speciation. 7nus, the 

northern sl'ring cricket, G. veletis, and the fall cricket, G. pennsll-

vanicus, vhich are sym:patric in their distribution over much of eastern 

and central 1rorth Aoerica, are reproductively isolated in spite of 

their almost identical external corphology and sonti patterns. m" 
~ne 

wo species a.re karyot:IPically distinc..u ahable (they balone to di ff'erent 

groupa, see above) , and, in a.ddi tion, t;-~e c~.romosone nunber socetil:les 

( 



differs between them because of the occurrence in G. veletis of one 

or trio supernumerary chromosoces, which have not been observed in 

G. pennsylvanicus (or in other species). The chromosome number of 

50. 

G. veletis (as in other G~yllus species) is basically 2n5=29, as 

reported by Randell and Kevan (1962), but may be 30 or 31. The origin 

and function of these supernumerary chromosomes is not clear, but 

their occurrence may weIl have sorne adaptative significance. Under 

laboratory condition, no hybrid has ever been produced between the 

two species, nor is hybridization possible in the field because they 

mature at different times; they differ also in other aspects of their 

life-history, such as oviposition, behaviour and the stage at which 

diapause occurs (Alexander,1957; Alexander and 3igelow,1960). 

The differences in chromosome number (in soma instances) 

and in karyotype indicate that reproductive isolation between G. 

veletis and G. pennsylvanicus is largely genetically based and not 

necessarily due pri~ly to a seasonal isolation of adults, as be­

lieved by Alexander and 3igelow (1960). Cytological evidence thus 

weakens these authors' bypothesis of sympatric "allocnronic specia­

tion" in the wo species. In this rei:;ard, i t ma.:! also be noted that, 

al though G. veletis and G. pennsylvanicus are virtually indistinguish­

able, eithe~ by their external morphology or by their song patterns, 

there are greater differences be~~een their concealed male genitalia 

than there are beween the phallic structures of ei ther species and 

those of certain other mecbers of the genus (P..L. ?~dell, unpublished). 

It is, therefore, quite possible that Q. pennsllvanicus and G. veletis 
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evolved a.1lopatrically in the oore usual !lan~er UIayr, 1966), t:!.eir 

various reproductively isolatin~ mec~~isrns becominc more stroncly 

developed as a response to suosequent synpatry. 

Present cytoloeical studies have also indicated th.at the 

"t'nO populations of "G. bimaculatus" examined, one fro!:l Azores a.~d 

one frol!l 3incapore, are qui te different and should p=obably he con-

3idered as belongine to ~nO different species, a.1tnoue~ the y are very 

similar in their extcrna.1 fea tures. T'ni s rrould seet! to he a si tua-

tion similar to that of the populations of ".\cheta dooesticus" studied 

by Ghouri and !,!c~'arlane (1957). In that case, although the Pakistani 

and Canadian populations vere both assumed to be A. docesticus a.~d 

vere apparently sicilar in ezternal features, t~ey vere reproductively 

isolated. They are nov known to belong to ~ftO distinct specics, the 

Pakistani population beins referable to A. hispanicus (Dr. A.3.Y.. 

Ghouri, personal communication,1970). 

The F1 eeneration of the Sinca.pore population of "G. bica­

culatus" shoved ma..n.:r chromosomal a~rrations a.'1.d produced no off:Jprinc. 

Unfortunately, it vas not possible to attecpt to cross the 3ingapore 

and Azores populations, so that the desree of biological divergence 

between tnem remains tmknovn. The loss of both fertili t:r and abili t:r 

to survive bj the Sin(;apore population vas clearly a resul t of chromo-

socal abnormali ties. The reason for these ab!'lo:-mali ties is wü::novn. 

Changes in environoental conditions directlj, as betveen the fi&ld 

and the laborator.7, or an inherent inabili ty to adapt to such chances, 

aa7 have had soae adverse effect on the chrooosoces. is changes in 
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the environment (see Chapter III) can induce cytological abnormalities, 

i t would not seee unreasonable to suppose tilat otb.er less drastic 

changea could alao have this effect. 

Grlllus ca.I!lpestri s was studied cytoloeically by Ohmachi 

(1929,1935). rre reported no chromosomal abnormality, but the sc~~ty 

rnaterial of this species investi5~ted in the present work showed oajor 

abnorrnali ty of the chroeosomes. The cytoloeical study was conducted 

usine only two male nyophs that had been collected in the field (these, 

and a female which died, Were the only survivors of a sma11 consign-

ment sent froD IIunL"ary by Dr. 3. 1[ae;{ of Budapest). The nU!!lerous 

chromosomal abnormalitiea, includine breaks, sticY~ness, c-mitosis, 

polyploidy, laecing, a~cqual seereeation ~~d non-disjunction, were 

similar to those induced in other species by chemïcals and radiation 

(sec Chaptera III and IV), but the decree and frequency of theBe aber-

rations vere mucn ereater in these field-collected Q. caopestris. 

The specicens vere oricinally captured (as immature nymphe) in a rouch 

pasture on ?6t-Sonl16 Eill, 15 kn north-east of Budapes\and then 

transf'erred to the inaect houae of tn.e 3udapeat zooloeical park. 'T':ie:! 

vere received at our laboratorl in late Septecber, 1970. The duration 

of their sojurnin t!'.e insect house in 3uè..apest is not known but pre-

SUI!1a.bl.;r vas short. 

caopestris \lere ver-.;r si.:rilar to t::03e rro·":':'..Iced. ~:: r:-·.e~.olic cO::!~Ound3 
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the zoo, ~~d that the specimens may have been affected by these when 

they loTere kept in the insect house. However, as the specimens were 

collected very late in the year, the possibility of so~e other adverse 

ecological factors being involved cannot he ruled out. According to 

Dr. Uagy (in litt.,1970), the field from w!rich the nymphs were ori­

ginally collected has no known history of chemical treatment. 

Although chromosome number has no taxonomic value between 

the follo\1ing four genera: Acheta, Grylloà.es, Scapsipedus and I·ielano­

gryllus, all having male diploid number of 21, the karyotypes and 

other cytological characters showed remarkable differences (see Tables 

I,;ca,XXII,XXIII, Figs. 19,194). 5. mareinatus showed more similarity, 

on the basisof Y..aryotype, to A. domesticus and I.!. desertus than to G. 

sigillatus. 

It is interesting to note that the male diploid chromosome 

number observed in the present study for Tartarogryllus burdigalensis 

was 19, but was reported by Leroy (1967) as being 21. Similarly, in 

Teleogryllus oceanicus, the chromosome num~er reported by Lim et al. 

(1969), Fontana and ITogan (1969) and Lim (1970) was 2~=27, but 2n&= 

29 according to Leroy (~. ~.). It is difficult to succest a reason 

for the discrepancy in the chromosome nuobero reported by different 

workers for the same species, because Leroy (..2E,. ~.) recorded the 

chromosome number onl.y and no detail of tue cn.romosome structure. 

Hera might, however, conceivably have Deen si tuations aimlar to th.at 

found in G. veletis (see p. ;0); i.e., the discrepancy miCht he accounted 

for by th.e occurrence of supernumerary c!:lromosooes. Leroy' s (1967) 

report of 2n8=19, rather than 25-2j, for the type species of Teleo­

gryllus (.1. posticus), hovever, cannot De e:cplained in these tertls, and, 



,.t"~""'--'-~-'~" 

if correct, vould alter the present concept of that genus (see p. 8). 

ii. Hemobiinae 

The three genera lIeonemobius, Allonemobius and Eunemobius 

showed rather more uniform Y~yotypes than did genera of the sub­

family Gryllinae. Tae first two genera, except for !Ieonemobius sp. 

near mormonius, aIl :nad acrocentric autosomes, the X chromosome 

being the largest metacentric with a light-staining heterochrornatin 

region on each arme AlI of the autosomes vere metacentric and the 
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X chromosome vas a medium-sized submetacentric with, in Eunemobius, 

some ligh~staining heterochromatin regions distributed on each arme 

The undescribed 'lfemobius' sp. from liev Zealand had the highest chromo­

some number in the subfar.ri.ly lTemobiinae, 2IJ6'=21, and Eunemobius the 

lovest, 2DÔ:7~ vflich is also the lovest chromosome number reported 

in Ortaoptera. 

The lesser chromosome numbers may be due to a past history 

of cen tric tusi on in the group. Thi s may De postula ted because, a t 

greater chromosome nwnbers, as in !leonemobius (2uô=19), all of the 

autosomes (except in Il. sp. near mormonius) are acrocentrics, whereas 

sorne metacentrics occur vith somevhat decreased chromosome numbers, 

and all the autosomes are metacentrics in Eunemobius, in which the 

chromo30me number is greatly reduced (2DÔ=7). Davenport (unpublished, 

1960) also pointed out that trthe acrocentrics probably vent throueh 

a confusion-pericentric inversion-fusion cycle to produce the meta­

centric autosome of the Eunemobius". 3ince fev speciea of Irecobiinae 

have so far been studied cytologically, intert:lediate forms of Jr..a.ryo­

types (includings chromosome nucbers complcting the, at present, 
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incomplete alternatinc series) may be ezpected to occur. AccorQinc 

to the theory ,of dOiinrrard evolutiona:r-J' chance of c!1rol'losome nunbers 

for the TIemobiinae (~avenport,unF~blished,1960), the undescribed 

':Tel'lobius' sp. would have the most primi tive cnromosor.le nunber for 

this subfamily. This ;Tould not be out of keeJ.)ins rri th t!:l.e occurrence 

of the species in ITew Zeala..'>'ld, whe:r-e Iaa-'>'l;r prim tive representatives 

of different animal eroups are found. The species is clearly not a 

true !;emobius, as the cnrotlosome number for that genus ia 2na=17 

(Lim,1911). 

Y..ar"Jotypic characters, chromosome nUI!lber, differing struc-

ture of the X chrotlosome and other chromosome structures give added 

veieht to the morpholot;ical characters indicatine that lTeonemobius, 

Allonemobius and Eunemobius must be reL~rded as belonginc to different 

cenera (Vickery and JOhnstone,1910), not subeenera. of the eenus !remo-

~ as proposed by!Tebard (1913) and accepted by Davenyort (unpu­

blished, 1960). 

In lleonetlobius, the karyotypes of !t. pa.lustris and R. sp. 

near mormonius, vere distinct from eacn other, the former species 

having all acrocentric autosomes, lIhereas, in the la.tter, there lIere ",,;, 

a larGO metacentric and a subtelocent:r-ie in addition to the remaininc 

aerocentric autosoces. The shape and size of the testes and the bodj 

size vere aIso different betveen the se two species. The c!:roDosone 

number, structure and behaviour o~ th.e X c!lromosoce, h(nrever, indica. ted 

that these wo species probably ind.eed belone to the sane canus. It 

ia expected that the taxonomie po si tion of Ji. sp. near mormonius vill 
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be confirced shortly by the combined study of morphological, acous-

tical and ot~er characters by Dr. T.J. iTalker, University of Plorida. 

In otner :Ternobiinae, the li terature reports widel.:r differing 

chromosome nuobers in Pteronecobius and Eomonecobius (Ohmachi,1935, 

1958; 3..'rlattacharjee and !!a..'I'lna,1961),clearly indicatine that these 

~"o cenera, as at present constituted, are heteroL~neous. It is,un-

fortlL'I'lately, not yet possible to assien a chromosome number to the 

genus Pteronemobius, ~.str., as the type species, P. tartarus Saussure, 

1874 (a junior synonym of P. concolor (Walker,1871)), ~~s not yet been 

cytolgoically investieated. However, accordins to Dr. V.~. Vickery 

(persona! communication,1970), this species, on morpholoeical crounda, 

is definitely not congeneric with "Pterone::lobius" fascipes (~alker), 

of which the me2e diploid chrocosome number is 17 (Chmachi,1927,1935, 

1958; Tateishi, 1932; 3ha. ttacharjee and i,fanna, 1967). It would there-

fore seem unlikely that Pteronemobius, ~ • .!!!:., has the same number. 

b. Othe:!' characters 

T'ne sex-dctermininc mechanism ia not identical throug!lout 

th~ ~~ylJoidea, but in all the species of ~ryllida.e p~eGentlJ stu~ied 

i t was round to be of the X06-X.\~ t;r.pe. Thn structure, beha.viou~ and 

r.lorpholo[;J of the :.: chromosooe are ver:! ul1iforn thrOU(;!lout the su.l>-

fani1:r G~Jl1inae (I~~s. 1)Oa,b), ~Jt rer~rr~ble differ~nces were round 

e,f,e,h) (see pp •. ~O to 46). 

The sha~ of the testi3 S~~JS a si:ril~r aituatior.. 7.~e 

( ... ) 
,,-" 

testes arc heart-shaped vith the acute end di~cted poste~o~l~ in 
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aIl specias o~ G~Jllinae studied (?ie. 131a), but they vary in shape 

and size beween di~ferent cenera, a..'I1d, in Ueoner.tobius even betrleen 

species of the same genus (Pies. 131b,c,d,e,f,e,h,i). 

Thus, in adcli tion to crLr01Josor:1e number and other Jr..aryotypic 

characters, the structure of the X c~lrOmOSOr:1e a..'1d the shape of the 

teatia have taxonomie ai[;nificance. Hembers of the subfamily j,jemo-

biinae, in aIl these respects, seer:1 to have been more divergent th~1 

those of the ~~bfamily G~yllinae durinc the process of evolution, 

al though karyotypic analyses present a converse picture (i.e. uniform 

karyotypes ,rere observed in the subi'amily !Temobiinae compared wi th 

variable karyotypes occurring in the subi'amily Gryllinae). On the 

hasia of cytoloejcal, morpholoG~cal a..'I1d ecoloeical evidence, it is 

clear that these two subfamilies have moved alone quite dii'ferent 

evolutionary pathways. }io straight phyloeenetic parallels can be 

drawn between thern. 

3. Supernumerarl Chromosomes: 

,~~c chromosome complements of sorne plant and animal nuclei 

cOfltain, in addition to tae normal cnroJ:1oso::te sets, one or more supe~ 

nUDerary, or accessory, or '3' c!lromoso;:Jes, and these have been found 

in Gr,yllus veletis(see pp. 28 and 29). The oriein a.'1d nature of 

supornumerary c:u'Or:1osomea are entirell unknown, except in a few speciea. 

Such cnromosoaes are not homoloeous ri til anJ of the normal chromosomes. 

Thej are often sca.ller and ma:! he present in SO!:1C individuals of a 

speoies or population but not in othe!"s. TheJ of'ten vary in muuber 

amone individuals or a population in vhich they occur, or aven atlong 



c. cells of a sinele organism. The usual number of supern~eraries in 

a nucleus i s one or wo, al thoueh grea ter nU/ilbe :'S are known. Supe~ 

numerary cnromosomes are much more common in plants t!lan amone ani­

mals, but White (1954) reported their occurrence in 52 species of 

invertebrates: 2 species of flaworm ~~d 50 insect species, of vhich 

nearly 60 per cent. (29 species) vere short-horned grasshoppers (Acri­

doidea) • 

It is usually impossible to tell from its exter.aal appea­

rance (phenotype) whether or not a particular individual carries 

supernU.l!lerarJ chromosomes, or their presence may be exyressed only 

in various subtle ways which are difficul t to detect, al though there 

are sorne exceptions. Nevertheless, an increase in the number of 

chromosomes seems often to be accompanied by a decrease in viability, 

survival or fertility of the organism concerned. The 'B' chromosomes 

occurring in a species of meal:r-bug (Pseudococcus obscurus Bssig), 

for example, are harmfUl to the development of these insects, es­

pecially the males (liur, 1962, 1966a, b, 1969) • In thi s regard, Ôster[:,-ren 

(1947) postulated that supernumera~J chromosomes mieht be, in effect, 

parasites possessing genes for their own survival. White (1954), 

however, believed that they were adaptative for the natural conditions 

under vhicil they developed and that the y might play a part in evolu­

tion. 
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Du-.-inc the present stud.7, supern~"!lerary chro::losoces vere 

demonstrated for the first tioe in a erjlline cricket (GrLllus veletia) 

and a su:pcrnucerarj-like chromo30me vall also fotmd in sone cells of 
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a few individuals of the nenobiine Allonemobius fasciatus. Their 

presence or absence, hmlever, did not seee to affect the appearance 

of the individuals in any noticable manner. Sorne individuals of G. 

veletis possessine supernumerary c~romosomes nere, indeed, larGer 

t~n those without such chromosoees, but the differences were not 

constant. .Tobin (u."1pllblished, 1961), in a study of the development 

of the nymphs of four Gryllus species, shmTed, in fact, tlla t indivi-

duals of southern populations of G. veletis Doulted Dore fre~ucntly 

a."1d were larger than those of northern populations, but t:lere is, as 

yet, no evidence t~~t the former are core prone to possess supernu-

meraries. ~~e prcsence of supenlumerary chroco~omc3 in n. veletis 

seOI:leè. to !1ave no special effect on the !:1or:p~!olOG.ir oi' the orcani sms 

or the cell s in whic':: they occurred, al t!!ou.Ç!1. i t miC:l t be postula ted 

(ml.ite,1954) th.a.t t!l.ey could have some adaptative value. ?he cer~etic 

adapta tion of species and populations to their environ!:lent ha:J pre-

suoabl:r been a very cel~eral biological phenomenon, ami. c~.nces of 

t!li s nature oic-~t be reL,--nrded as a basi s of biolocical evolutior~ 

In G. veletis, duriné:: a!lapX:!.se I, l;!len cells pos:lessed a 

sin.::;le supermmeraI""'J chrc!loso!le, th.e latter eit:!er s-:a:leè. 0:1 the 

s:pind.le near 0:-4e of the poles or laceed ~hind on t:!C e'-l,t:2. tor pla te; 

\f~:ere wo supern~eraries vere present, ea.ch vent ei tner to t:.~c S:l.!:je 

or to è.ifferent poles, neither laecine on the equator. ::elan'ler (1950) 

BUCt;."ested that the basic cause of such differentiel be~..aviour was a 

change in strength and r!1;rthm of division of the centromere. 

( 
'. " 
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Supcrnurnerary c!!.rol!losoncs cOr!!.:"!only oceur in Itcrididae 

(Carroll,1920; Y..incs,1923; Corey,1933; ::inouc!u,1934; POllers, 1942; 

!{elwig, 1942; mu te, 1949,1951 a, b, c, d, 1954; Rothfel, 1950; ?ay-Chaudhuri 

and j'lanna, 1951; Sharnan, 1952; .Joh.."l and :Iewi tt, 19G5, 196::i, 19G8, 1969; 

Eewitt,1967; !!eiTitt and .Jo!Ll'1,1967,1968,1970; 3b.unya and. ~:anna,1968; 
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llesterman,1969 and otbers), but have seldom been reported in Gr.ylloidea, 

althoueh they have been recorded in Cyrtoziphus ritseoae (Saussure) 

(=Hocoeoripha lycoides (ifalker)) (Oh.cachi,1935), Trigonidiin~e, and 

in a Euscyrtus species, Gryllidae, Phalangopsinae (Smith,1953). 

Supernumerary chromosomes were aIso found by I·raJr.ino .!! al. (1938), 

Steopoe (1939) and Asana et!!. (1940) in mole-crickets (GrJllotalpidae); 

ei ther one or bo supernumerary chromosomes occurred in some indivi-

duals. 

The occurrence of supernumerary chromosomes in Gryllus 

veletis and supernumerary-like chromosomes in Allonemobius fasciatus 

va.s previousl.1 unkl1own. In some individuals one vas found, in others 

bo. As northern populations of G. veletis di~fer sliehtly from 

southern populations (Jobin,unpublished,19G1), soce kinù of geogra-

phical divergence seems to have occurred between thern, and further 

study' of the occurrence of supernumeraries in different geographical 

populations of the species ciGht weIl be enlightenins. 

.. • Pol,zmorp!U. sm: 

Chromosoca.l polymorphisc is COI!l.Oon in Ortiloptera, and four 

different types are found in the faJrily Gr;;llidae: (1) &3 in Eusclrtus 

he::lelttrus in vhich the chroaosome nu.coor 2..'îd the shape of the 
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ch~o~oso~es Cru1 both he variable (Ohmachi and Ueshina,1957); (2) the 

chromosoI!le nUJ:J.ber, but not tile shape, may vary wi thin the same species, 

as reported for LoxobleOf.'lUs arietulus, 2Ug"=11 to 17 (Eonda., 1926; 

Ohrnachl,1927,1932b; Suzuki,1933; OhT!lachi and TJe shi I:la, 1955), and for 

3rachytrupe s porten tosus, 2nt =13 to 20 (Ta tei shi, 1932; !.:orn:na in 1942 

(as cited by Hakino,1951,1956); Ohnacni,1932a,1935); (3) the chromo-

some nUr:lbe~ is not variable, but one, tlfo,or more p:lrticular chromo-

sones occur in diffcrent forms, as in various Gryllidae; the hetero-

morphic bivalent is usua.lly a hook-shaped structure consisting of a 

J-shaped and a rod-~~ped chromosome, which c~~ be clearly observed 

at metaphase I; this is the most common type (Ohrnachi,1935; Hanna ~'1d 

Bhattacharjee, 1964,1966; Bha ttacharjee and J,!a.nna, 1969; Fontana and 

EO(,'"a-"'l,1969; Lim et al.,1969; Lim,1970,1971); (4) similar to type (3) 

but the heteromorphic pair does not include a hook-shaped structure, 

having only a small dot-like element attached to one end or on the 

side of the bivalent (FiCS. 122a,b); this type has been observed only 

in A1lonemobius, i t is reea,rded as a "translocation bivalent" instead 

of as an "\mequa.! bi val en t" by Lim (1971). 

The carocoso::-al polymorphisms observed in Gryllinae, in 

1Teonemobius and in Etmemobius all belone to the third t.:rpe ("urlequal 

bivalent"). Chrornosocal polyt1orphism from variation in the chromo­

~ 
soce structure, ~d.ue ei ther to interchromosomal rearrangei:ler~ts or to 

the W1equal pairine of chromosoces. 

The frcquenc.:r of the translocation bivalent, type (4) poly-

aorphiso, va.ried among th.ree Allonecobius species. In A.. fa,aciatus 
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and A. allardi, i t occurred in ~30!1e cell s ir. eyery individual, but 

in lu griseus i t 1-TaS fotl..'l'1d in almost every cell. Davenport (unpub­

lished,1960) reported a contrar:r sittmtion. He found "hook autosomes" 

(=translocation bivalent of the present tezt) in aIl species of lllo-

nemobius th.~ t he ha.d studied, except in !-... :;.-ri seus, but only in cer-

tain populations of ~'l'1y one species and not in others. In the present 

atudy, the occurrence of translocation bivalentlwas, in addition to 

bein~ observed in neta:p}~se I, also detected in A. eriseus at t~e 

spernatogonial oetaphase, in which one of the menbers of the larcest 

pair of autosomes usually had an extra srnall elp.ment attached to the 

end of the minor (short) arm (~C. 129). Alt20ueh t!le populations 

of A. eriseus involved came from different sources, it ia difficult 

to explain wP~ the results of different authors worY~ne on the saToe 

species should shml. such a corn:pletely reversed ai tua tion. Since 

t~lslocation bivalents were observed only in Allonewobius, which 

haa an intermediate chromosome nuober, translocation (in te rc han ce ) 

may have occurred durine the evolution of the Y...a.rjotypet of Dloneno-

bius from a !ieonemobius-like forme 

5. Chiasma Frequencl: 

Chiasoa f!'e'luency was found, in the present stud:r, to be 

relativel,y hiCh durinC the di;,lotene stace. The number of chiasma ta 

in Grlllus species (2nS=29) varied froc one to four per bivalent, 

al thC.l~ one chiasCc"l. par bivalent lfas th.e oost COc:1on nunber in 

diff'erent bivalents in oost species of that cenu3 (see T<>.~le .tu). 

In Gryllus, in oost of the acrocentric ch..ronoso:::en, a aine1e chiasl"A 
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occurred quite close to the centronere. The distal reeion of such 

chrooosome seldorn formed chiasoata. 

nith a decrease in chromosome nunber, the chiasma fre~uency 

increased reeardless of taxonomic position. In the species havine 

2nt ;21 (Acheta, Gryllodes etc.) two to three cbiasmata per bivalent 

were qui te commonly encountered. In Tartaroçryllus burdigalensis 

(2nt=19), hmTever, the nurnber of chiasI:tata varied from one to as many 

63. 

as six per bivalent, al tho1.1gh, in ITeonemobius palustri s (also 2Ut=19), 

oost of the bivalents had only one chiasma. In Allonernobius (2nô= 

15), A. gTiseus had the hiehest chiasma frequency (averace of 13.07 

chiasmata per cell) when compared with the other two species of the 

same genus, A. fascia~~s (avera~e of 11.82 chiasmata per cell) and 

A. allardi (avera.Ge of 11.42 chiasnata IJer cell). This ;.ras presum-

ably because the chrornosone lencth is relatively cre~ter in A. çriseuB 

t~~ in either A. fasciatlls or A. allardi. Eunemobius carolinus, 

having the lon[;est c~onosones, also had, ao a rule, the hie!lest 

c!rlasoa frequency per bivalent (fro!:! two to seven) of aIl the species 

of Gryllidae utilized in the present stud.;r. 

T::lere .. as a considerable reduction in t?le occur:-er.ce of 

chla.S=:1a ta bj- the ti::!e netap7:lase l ;ras reached, and., in t::e f'..a': ori ty 

of cenera, wost of _the bivalents showed onl:! a oinCl<:; Ch.:2.!1:-:a, ezce!'t 

ilith 



t::1e frequenc.1 of terminal chiasma.ta was also hiener in t~e species 

havine more than in tuose having ferrer acrocentrics when the chromo-

some numbers llere the salle (see Ta.ble X.TTII, Fie. 194). 

6. Chromosomal Bridw~s: 

Chromos9oal bridges occurred occasionally in sone species. 

In oost cases, these ller'e merely sticlq brid....."9s rather 'true' 

dicentric bridees; or they 1i'ere ter!:linal associations between two 

non-hoooloeous chromosomes, for the two mel!loers of a orid.[."9 would 

sepa.ratc aeain later under the stress action of the spind.le fibre at 
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the end of telophase. In lfeoneoobius palustris, for exarnple"X chromo-

sooe bridee occurred qlrite comnonly at ~~aphase II. 'rhis was neceuse 

the heterochrol!latin ends of the X chromosomes Hero aS30ciated to~ether 

durinC nei oti c di -,i si on and remained so duri nc anaphase. The rnove-

ment of the spindle fibre of two dauehter X chromosomes would also, 

sonetiMes, result in the formation of a sticY~ bridce. 

Terminal associations have a.lso bee:'"! found in other ()rthortera 

(Acridoidea) by 1fhite (1957b,19G1), Johr, 2->'ld Lewis (1965), ]ïankivell 

(1967), Southern (1967), John and ITewitt (1968). ~fuite (19fJ1) and 

?fankivcll (1967) postulated t11at these 'jo(c:-e chiasrnatc in ori::,""in; w;~en 

e chiasoa forced very close to the end of a cluromosone it mieht ter-

~nalize as the bivalent separated ~>'ld co~tract 50 that a terminal 

a3societion occurred "::>etlrecn the ends of hO::lolocous chTonatida. 7l:ese 

autho:-s did not, ho~evcr, present any evidence for the chiea::tate nature 

of these terninal aS:Jociations. The aSiJocietion would be erpecterl to 

break à.ovn tL'1der the stresa actior. of the spindle fi ~')~ (7:a,.'1kivell, 

~ ______ .~~w ___ .. __ ' ___ "'~'''''_'''''''~.'_ ......... __ . ___ .. __ .. ~-... . ... 
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19:')7). Jolm 2..'1d Lerris (1965) found tll2.t at least sorne of the te~ 

oinal associ~tions [mst be non-chiasma te. 

7. Chromosome Evolution within the Family Gryllidae: 

a. General 

'rhe evolution of chromosome systems must necessarily be 

connected with the evolution of orca.nic systems because the chromo­

somes consti tute the most important su":Jstrate for the eenes. In other 

words, if the unùerstanding of evolution remains a central problem of 

biology, cnromosome evolution, too, must be understood. Indeed, the 

number, structure and behaviour of chromosomes do furnish criteria 

for the understandinc of the evolutionary aspects of taxonomy. 

Bvolutionary chanees in chromosomes involve wo basic, and 

often interrelated, types of variation: nurnerical and stIUctural. 

!Tumerical chanGes are often accoDpanied by structural chanees. The 

latter, however, are always very diffjuul t to identify 2..'1d to oeaaure 

because the small size of chromosomes presents a fornidable barrier 

to their analysis, except in unusual cases, BUch as the salivary­

gland chromosomes of some Diptera, such as Drosophila. 

b. nunerical changes 

Some 2000 species of GrJllidae, ~.lat., have been des­

cribed, estimatins from the catalogues of Chopard (19(7), a.'1d cany 

DOro avait description. 30me 6 per cent. of thoae de sc ri bed (a.bout 

121 apecies) have been stud..ied c:rtoloeica.lly (sec Hakino,1951,195C; 

Ohmachi,1958; Randell and lCevan,1962; Sharma,1963; Bhattach.a.rjQc and 
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;lar,na,1967; Leroy,1967), so ti:lat, althouch this propo::-tion is snall, 

the crickets r.la~r oe included a~o!1.g the cytolocically reasonabl.}r 1Tell 

known croups of a:1i:Jals. Table :cm and ?iL:'. 195 su~:narize t!1C sl'ecies 

of Grylloiden. (e:.::cludinc Gryllotalpirhe )hi t::(~rto studieù. :?rO!:l t·:le 

t:;>..ble i t :-:ta:! be see!"! the.. t the !:'.:!.le diploid chromosome nU;:Jbers rar:.[;e 

rTid.ely, fron the lo·nest, seve!"!, to the hichest, thirty-one, formine 

a continuous, alternatinc series. :fit!:iin this rance, 211Ô=19 is the 

oost frequently fOW1d among the 121 species of Gryllidae whose chromo-

:lo!:1e nU!!lbers have been determined. HOiofever, 2nS=15 and 21 are almost 

equall:! coomon, so that it is impossible to consider any one number 

as beine t,y:pical of the family. ;T 0 standard, ba.sic, or model, num-

ber i s fOU."ld in Gryllidae as i t i8 in the case of Acrididae, ?yreo-

morp:üdac, Pa.npha[;.-:i.dae and Te tri ei dae • 

It ma:! also oe observed tha t cr:rllid croupo in rrr.ich the 

chromosooe mmber is !rien always :ÙO"rl more varia ti0!1 in nU1!lber than 

do L'rOups rri th fewer cn.xomosomes. Thus, !:!cmbers of the S"-..lbfaI:lily 

n.. 
aryllinae, whlch, on/..averace, have the hl.:;hest c!!.rom030tle nu.r:lbers as 

compared vith species of other sUbfanilies, ::llso S!10W a .:;re::lter 11Ur.le-

rical ranc..-e (2na"=11 u:p to 31, "ni th a peak a t 21). EO!Jt of the species 

in this subfaJ!1ily h.ave cnrotlosooe nw:ù,ero r~"r1.::..-i!!c froc 19 to 29, so 

that it would seem probable that ot~er species ar~ derived from those 

vhose chrooosooe nunoors lay vi tUin tuese lioi ts. The idchest and 

lovest chromosome nuobers acone the Gr,yllinae pro~ablJ re~resent the 

end-products of evolutiona.·"7 processes involvinc increases or decreases, 

in ch.rooosoae nunoor, respectivelj". ':'"ne subfa!rilj" ~·eoobiina.e ca::: ~ 



differentiated cyto1ocica11y fron Gry11inae, not only by the struc­

ture and size of the X chromosome ~~d by the nucleo1us usually being 

demonstrab1e in prophase l, ~~t also by the spermatogonial (205) 

number (avera.::,-ine lorrer), ranG"inc betrreen 7 and 21 with a peak at 15 

chromosomes. In this subfamily it nay be that most, if not a11, 

change in chromosome number has been by decrease. Thus, although 

there is currently no mode1 chromosome n~~ber, for the Gry11idae, it 

may originally have been in the vicini ty of 211.ô=21. 
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KaX'Jotype chal'lge3 of an evo1utionary nature are lalown 11i thin 

families, cenera and species. The most common and basic changes in 

animals occur a t the diploid leve1 by al terations in chromosome mo~ 

pho1oBY and/or nunber. Cha~6es in the basic chromosome number within 

a genus or fami1y ma:! be ei ther upward or dOlffiward. The most COmr:lon 

examples are dOlffiward changes which are caused bl" a process of centric 

fusion (~fhi te, 1954, 1969; Davenport, unpub1ished, 1960). This process 

is most c1ear1y demonstrated by 'species' r-aving multiple chromosome 

numbers, such as Loxob1emI:!Us arietulus and 3rachytrupes portentosus. 

In the former, the chromosome number rances from 11 to 17 (nonda,192~; 

Ohmachi,1927,1932b,1935; Suzuki,1933; Ohoachi and Ueshioa,1955); in 

the latter from 13 to 20 (Tateishi,1932; Ohoachi,1932a,1935; Homma. in 

1942, as ci ted bl" Ha.kino, 1951 , 1956) • T"ne varia ti on in chronosome 

nutlber in these apecies seems to depend on the occurrence and number 

of V-shaped autosomes. In Loxoblenous arietulus, for ezacple, indivi­

dua1s wit~ a cnromosome number of 2nS:13 exhibited, in addition to t~e 

X chro~osome, 6 V-~ped and 6 rod-shaped autosomes; those vith 2D5:15 

had 4 V-shaped and 10 rod-shaped a.utosomes :plus tne X c!:!..rollosome; ar.d 
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those wi th 2nt=14 had 5 V-shaped and 8 rod-sha.ped autosomes plus tue 

X chromosome (Ohnachi,1935). ~ne ereater frequency of V-shaped in 

individua1s with lower total cnromosome numbers is accounted for by 
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the centric fusion of pairs of rod-shaped autosomes to form V-shaped 

autosomes (Honda,192b; SUzuki,1933; Ohmachi,1935; Ohmachi and üe~hima, 

1955). 

Increase in chromosome number is rather difficult to observe 

and to prove, ~~d its occurrence is supported on1y by circumstantial 

evidence. The persistence of supernurnerary chromosomes, such as are 

known in some Grylloidea, l~s been propooed as such a method whereby 

the basic chromosome number may be increased. In Grlllus veletis, the 

basic chrooosome number is presumed to be 2~=29, as reported by Rande11 

and l:evan (1962), but one or wo supernu!:lerary chromosomes have been 

oboerved in sorne individuala, 50 that the compleoent may occasiona11y 

be 2nt=30 or 31 in this species. A comparable 5itua~ion bas algo been 

noted in Homoeoriph.e 1;rcoides (as CjTto::dphus ri.tsemae) by Ohnachi 

( 1935) a..~d in 3usc;rrtus al'. b.:r 3rni th (1953). 

As previoualy rne!""ttioned (p. 67), ~fhite (195"1,1967,1969), 

Da.venport (unpublished,1950) ~"ld Saez (1968) suceested that reduction 

in ch.ro!:losome number is due to centric fusion. en the ot:1er hand, 

:fhite (1951a.) rJaintained that centric fission (c.isdivision) has played 

no sienif'icant role in chronosone evo1ution in a.~ir.:!a1a. ::evert!1e1eas, 

John and :ievitt (1968) pointed out t!l.2.t oisdivision haa certain1;; 1Y.ler: 

~.. . 1 t . M 't' t' (~"'··t - 1Q"6) a lac .. or ~n p a."1 s, a.c., 1.n ~rl l.eu::! aes ~VUlJ ,.:, ... e1.1'a z-.)ears, ."t.J) 

a.~d t!lat its p038ib10 o~ration ir. e!ümals il'ould nerit aerioua 



consideration. Por eX?.Jlple, considerable centric fission 02.:/ have 

occurred in the evolutionary change in chromosome n~~ber be~neen that 

of European wild swine and the (European) domesticated pie (HcFee et 

al.,1966). This, however, would assume that the latter are directly 

descended from the former; but the mixed origin of modern domesticated 

swine (Zeuner,1963) mieht ezplain t~e difference in chromosome number 

without implyine centric fission. 

That misdivision has operated in the chromosome evolution 

of Grylloidea iTas sueeested long ago by Ohmachi (1935): "As for the 

Gryllodea, l am inclined to consider that it bas taken the course of 

fragmentation, but these problems are highly speculative in their 

nature so that rre cannot speak decidedly about theo." It is, however, 

my own opinion that it is still quite premature to attempt to decide 

in which direction the evolution of chromosome complements in Gryllidae 

has really moved, for insufficient species of Gryllidae have been 

studied cy-tologically, and those that have been so studied do not in­

clude the most primitive living Gr,yIIinae, such as Turanogrlllus 

Tarbinskir (cf. !1and.eII,1964). A.t t:~e present time, one can only 

presume that the evolution of chromosome complements in Gryllidae has 

pro babIl progressed in both directions, centric fusion playing a more 

important part than centric fission (fraé:mentation) or the appearance 

of supernumerarl chromosoCles. 

In discussing reduction of cnroClosome number, processes other 

than centric fusion should be considered. Certain species of Gr:;llidae 

possess an unusually lev nUIilber of chZ'oOC.90DeS, due to the apparent 
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loss of one or wore members of the prinitive chromosome complement. 

In such cases it seems unlikely ti.lat whole chromosome pairs have 

actually been lost in the course of evolution. It is mtlch more pro­

bable that the ereater part of a 'lost' chromosome has been transferred 

to another member of the chromosooe complement, only tj'le centromere 

and amall heterochromatin resions being indeed lost. The transloca­

tion bivalents found in Allonemobius provide sorne evidence for the 

occurrence of such transference during evolutionary chances from a 

Heonemobius-like condition to that found in Alloneoobius. 

c. Structural changes 

In the genus Gryllus, the differences in karyotype between 

species may be due to centrornere shifts which have converted a varyin~ 

nunber of the origjnally acrocentric chromosomes into metacentric or 

submetacentric elements without chaneinc the chromosome number. 

Evolutionar:l c::ances in total chrooosC'me length (TeL) are 

al so knOiffi in Gryllidae, eSJ)ecially in the genua Oryllus. The hichest 

TCI, in this genus is 156.01)1, i!1 G. aSSiI:lilis, 3-"11 the lon·est is 10!i ... ~411, 

in G. biI:'.a.culatus. The loyer TeL ma:! he due to a decrcase in pol:rten:r 

or in the amount of heterochromatin or catrix, or to gene duplications 

or to a conbination of these factoro. l.:n:J one t'actor could caUDe 

tiehter coiline or otë.er cha."'1L;es that ::lient resul t in a s:lOrtenin.:; 

of the chro~osooes. 

llcost t!ll species of Gryllidae have 2.!". :;:C-:':: t.7P'e of sex­

deterr:dnation aech.a:u.m:z, the z::al.e re~=e!3e!:ti!!c the di..:;acetic sez o.nd 
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the female the homogaoetic. The X chromosome is always the largest, 

or one of the lareest, in the chxooosome mass 2-~d it takes a peri­

pheral position at speroatoeonial metaphase. ~ne shape of the X 

chromosome is ioportant in the cytological classification of Grylloidea, 

and i t also shows evolutionary significance. It is usually V-shaped 

in Gryllinae, Eneopterinae and in sorne Trieonidiinae and :f.!oGopli stinae; 

Bomowhat U-shaped, with some lieht-staining heterochrornatic regions 

ei ther a t the end of each arm or distri buted on the ~d'O arms, in l!emo­

biinae; and rod-shaped in Oecanthidae, Phalangopsinae 2-"ld a species 

(Eomoeoxipha lycoides) of Trigonidiinae (Ohmachi,1935). The V-shaped 

X chromosome seems to be more primitive than the others, the T}-shaped 

and rod-shaped X chromosome probably beine derived from it durine the 

course of evolution. 

In addition to XO-XX type of sex-determination mechanism, 

multiple sex chromosomes are reported in a few species of Gr,rlloidea: 

Oecanthus longicauda (:a-XX type) (Ohma.chi,1927,1935; !!a.kino,1932); 

Euscyrtus concinnus, Euscyrtus sp., 3eychellesia sp. and Eneoptera 

surinamensis (X1X2Y-X1X1X27"2 t,vpe) (Ra.:r-Chaudhu....-j. and Hanna, 1950; 

Claus,1956; :'ianna and ?..ay-Chaudhuri,1965; 3hattacharjee and !!a.nna,1961). 

Since multiple sex chromosomes are unusual in GrJlloidea, the:r ~ 

possibl:r be re~-ded as havinC been derived froo a pri~tive XO-XX type. 

Considerinc all of the cytolocical evirll3nce tOé,--ether, we na:r 

aSSU!:le t!m t, in crickets, thera lla3 presu...'1.a::Jly a prototj"!>'3 chro!:loso!"!e 

cha..'lr;eS are no loneer evi.dent, !u.vin.; ~~n pr-ese!'1t or.l~~ in sJ>'E:cie!l 

llhich .Ï'..ave since become e::ctinct. 
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!II. ~TS OF CEEEICALS 

1:... Li tera tu.re !leview 

Huch has been published, particularly in recent yeilrs, re­

earding the effects on chromosones of a variety of chenical treatnents, 

but studies of such effects with respect to crickets have been vir­

tually nil. 

Colchicine is a substance long known to induce veritable 

chances in chromosomes and spindle apparatus, and it is much used by 

pl~~t cytologists to induce polyploidy (see Sigsti and Dustin,1957). 

Ostereren (1950) regarded colchicine action as narcosis, and aueeested 

a relationship between spindle poisoning and lipoid solubility. Hanna 

and Parida (1965a) studied the effects of colchicine on the testis 

cells of erasshoppers and found that the treatment produced varioua 

kinds of changea in cells and on chromosomes, such as c-mi totic oeta­

phase, cultinucleate cells, failure of synapais, rnultipolar spindle, 

sticky chromosomeo, etc. 

Al t!toueh various chemicaJ. substances other tha.~ colchicine 

have been known to induce genetic and chronosomal changes in both planta 

and animals (see, for exemple, Hant."Cnot and Carpentier, 1944; Hadron 

and lTigeli,1946; Rapoport,1946), it ilould seem that the discovery by 

Auerbach and Robson (1941) of the mutaeenic effects of nitroeen mu­

stard. on Drosophila stimula ted various vorkers to a tterlPt to induce 

chromosocal aberrations by different checical treatnenta. 

Folloving earlier, lilili. ted york b.7 Yosida (1950), Geulden 
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and Carlson (1951 ) and SarY~r (1956) on the cytoloeical effects of 

chenical s other than colchicine, :·:a,r._l1a and his collabora tors under­

took a series of investieations on the effects of various such chemi­

cals upon the spermatocyte chromosomes of erasshoppers (Y~a and 

Hazumder,1964; Hanna and Roy,1964; !·ianna and Parida,1965b,1966,1967, 

1968; Hanna and Lahiri, 1966; Ha .. '1na and !hlkherjee, 1966; !:azurnder and 

1.fanna,1966; Parida and I-ranna,1967; Manna,1967,1969; 3hunya and 1.ranna, 

1969). The chemicals they used included the chela tine at,"'ents ethylene­

diamine-tetra-acetic acid and cupferron; formalin; ethyl alcohol; the 

nuclei a.cid analogues maleic hydrazide, 5-bromodeoxyuridine and iodo­

deoxyuridine; the antibiotics tetracycline, nanovobiocin, grisovin, 

chloranphenica.l and streptomycin; the hormones insulin, testoveron, 

ovocycline and corline; and metallic saI ts such as aluminium chloride, 

mercuric nitrate, potassium cyanide, etc. Aberrations, such as chromo­

some, chromatid and subchrorna.tid breaks, sticky bridf;es, laggine, fail­

ure of synapsis, reduction of chiasrnata, c-mitosis, chromosome and 

chromatid type gaps, dunpine and oisdivision of chromosomes, etc. at 

different meiotic staees, were obGerved. 

Sorne information also exists for substances other t~'1 those 

men ti oned ab ove • For exampl e, the narc oUc ethyl ure thane ;ras di s­

covered by Rapoport (1946) and Voeot (1948,1950) to produce lethal 

gene-cutations and chromosome changes in Drosophila; and urethane vas 

found to induee ehromosor.ta.l aberrations, both in mi tosis and in meiosis, 

as vell as c:rtoplasmic changes, in the ;p.:rrsomorp~id era,sshoppe!" ~ 

kilocerus pictus (?) h-J 1Iacbiar (1955). 

_. ~ ,,--... -. -----.... --.~.,_ ........ ' ..... : ......... ', ... " .. ~. .. ...... ,,-, ,._-
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Saxena and Aditya (1969a,b) studied the effect of apholate 

on the reproductive tissues of the sane grasshopper species, poeki-

locerus pictus. Spermatogonia, spermatocytes and spermatids showed 

pycnotic nuclei, fragnentation of chronatin and vacuolization after 

15 d.ays of treatment; apholate also affected the D!iA content of the 

germ cells. Co~~ective tissue cells and mature sperms, however, shmfed 

no histolog.i.cal damage. Apholate also induced chromosoœ1 breaks, 

exchange and chromosomal ea,ps in the acridid grasshopper J.!elanoplus 

differentialis. The proportion of abnormal cells reached a maximum 

of 85 per cent. on the eighth day following treatment and then fell to 

about haIf this mariIllUI!1 value at 21 d.a.ys (l.J.assen et al.,1969). --
Actinom,ycin-D, an antimetaboli te which prevents RITA synthe si s, 

has been found to produce chromosome breaJr.ages in the Desert locust, 

Schistocerca grecaria (Forsk.) (Jain and Singh,1967). The effects on 

both chromosomal aberrations and on the development of spermatocytes 

resulted from disoreanization of the synthetic apparatus of the cells. 

Actinom,ycin-D vas aIso found to increase the chiasoa frequency in an 

inbreed stock of Schistocerca gregaria, but i t produced no effect in 

a heterozygous stock (Craie-Cameron,1970). The author SUGBested that 

this chemca.l might ca.use th.e induction of enz1llles involved in cross-

ing-ove:!' and suppress the a.ction of certain genes concerned vi th 

chia.sma formation. 

SODe Substances used in cytoloeica.l tecimique Day a.lso pro-

duoe chromosoma.l abnoroali ties. Ca.ffeine can De used as a pretreat-

tlent a.sent at lov concentration; i t enla.rges and disperses the chrooatic 
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caterials, maY~nz the chromosomes clearly visible (3eiss,1969). Caf-

feine, however, has also been found to provoke chromosomal ruptures 

~~d to inhibit cytokinesis, producing binucleate cella in plants 

(Hagenot ~~d Carpentier,1944; Y"ihl!:12.ll and Levan,1949; Lôpez-Saez et 

al.,1966; Giuenez-iIart{n et al.,1969). It also has a letb.al effect - --
when applied in stronger concentration (1 and 2%) ~~d it has a sup-

pressive action on the frequency of oitosis, although it was not shawn 

to induce full c-mitosis except at very stronc concentrations (Kih1~ 

and Levan,1949). 

3imilarly, phenolic compounds can be ernployed for the stu~ 

of chro!!losooe oorphology if applied at concentrations below about 10-3!-i; 

~~t ab ove t~is, they can cause chronosomal abnornalities, lethality 

ensuine w:J.en they are apr>lied at hieh. concentration (Sharma and 3h.arma, 

1965). Phenols have been applied in the case of oa~y sroups of plants, 

but very rarely for a..~in.als. A. ferT studies on t:he eenetical and c.:rto-

locjcal effects of phenols have been carried out, e.e. by ~adron and 

;,iec1i (1946), Leva..~ ~d Tjio (1948a,b) and Amer a..~d Ali (1968,1969). 

Phenols decreased the mitotic index and èis~~rbed the normal rnitotic 

~d meiotic division; they also induced the laCv~nc of chronosones, 

stickines9, fraL~entation and cytooizis. 

~lC ~0~3ible cytolocical and cenetic effects of the vide-

spread use of herbicides, f'uL;icides ~~d insecticides are currently 

eivint; tise to sone concern (Varaan:.,1947; Levan and ?jio, 1948a, b; 

!'llhlinc et al.,1960; Sawarrura,19G.;; iiuu and Grant,196'~,1967; .1.mer and 



that chroDosornal almoroalities are produced by thern, at hiCh concen­

trations, at least in pl~~ts (Varaama,1947; Levan and Tjio,1948a,b; 

Levan,1949; Y.ihloan a.."1d Levan,1949; luhline et al.,1960; Savramura, 

1964; Amer, 1965; Huu and Gra."1t, 196::';,1967; Amer and Ali, 1968,1969; 
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Amer and Farah,1968; Reiss,1969; Grant,1970), but there have been few 

studies of the effects of such substa..~ces on animal (including insect) 

chromosomes, and none hitherto on crickets. However, sorne insecticides 

(parathion, dieldrin and sevin) have been found by Youne and 3tephen 

(1970) to effect the acoustical mld sexual behaviour of Acheta domes­

ticus. The crickets fed ,ri th dieldrin and sevin stopped sinc;i.n6 for 

3 to 6 hours, and tuere was an increase in chirp rate and pulse rate 

of the calline sone once singing was resumed. Crickets treated with 

parathion were unable to produce pure callinc songa. The authors be­

lieved that parathion acted on the peripheral neuromuscular system 

and the thoracic el and, whereas both dieldrin and sevin effected the 

brain, first as an inhib:i.tant and then as an exci tant. Thus the 

physiological upsets produced by insecticides can clearly affect the 

reproduction of crickets throuBh their behaviour, but cytological 

effects ~ve not hitherto been considered. lTater loss following treat­

ment rri th severaI insecticides in Gr;rllus birna.culatus was also recorded 

by Srivastava (1969). 

B. Haterials 8-"1d Jotethods 

1. Haterials: 

Uale nymphs of the last tvo instars of t~e following speciea 

(from the sources indicated previous17) vere used: 
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Gr/llus assimilis (Fabricius) 

G. bermudensi s Caudell 

G. bimacula tus De Geer 

G. pennsllva~~cus Burmeister 

Acheta domesticus Lia~aeus 

Gryllodes sieillatus (Ualker) 

Scapsipedus marginatus (Afzelius et Brarurius) 

2. Methods: 

a. Injection-administered series 

The test insects were injected via the ab~inal pleura vith 

0.02-0.05 ml of chemical prepared in inaect saline (Baker,1950) using 

a 27-~use hypodermic needle wi th 1 cc tuberculin syringe (both aupplied 

by Fisher Scientific Co.). They vere sacrif'iced at varioua times 

after injection. The insects vere anaesthetized by ethyl acetate and 

a mid-dorsal slit vas then cut from the poaterior end of the thorax 

to the end of the abdomen and the testes vere dissected out in insect 

saline. The concentrations of chemicals use d, the intervala between 

injection and fixation,and the survival rate after 24 hours are listed 

in the followine table: 

chemicala c oncent::-a.ti ons hours between treatment survival rate 
(t,) a..Yld fixation after 24 hours 

colchicine 0.1 18,24 40;, 

colcemid 0.05,0.1 18,24 100% 

cat'feine 0·5 24 1~ 

eth,71 ace ta te 100 0.5 ~ 
(, 



cnemical s 

Glacial 
acetic acid 

phenol 

... .... concen "ra. ,,). ons 
(c;) .-

100 

0.05,0.1 

~ours "!)(d;,{ecn trea t:Tlent 
and fiy.,a tion 

1.0 

12, 2.~, 72 

S"..trVi val ra. te 
a.fter 24 hours 

0< 

Af'tez:- injection, the insects alwa;!s s:"101-1o(l ef:ects of :poi-

Boning b.1 the chemicals, i.e. there was le53 movement, the;! renained 

still, or they turned upside-dm'm af'ter a s~ort ~eriod of ti~e, es-
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pecially in the case of' th03e injected with colchicine, ethyl acetate, 

or clacial acetic acid. 

b. Feedinc-adoinistered series 

i. Food: 

Last-instar nymphs of' Q. beroudensis were f'ad on a diet 

co:.t~üninc 8 cra.:IS of c!"'~shed "bab;r rabbi t pellets" (Ocilvie Four ~ïllB, 

::o~ tre~l - the recular food for tne crickets reared in the !·!cGill 

iJnivQroi t;r, Departnent of 3ntonoloc;,r laboz:-atoz:-;r) :ri.:ced wi. th 6 cI of 

0.5:! cUJli'erron or 0.5;~ caffeine. ?resh food. containing the chenical 

1ras s'.lpplied everyria:J'. Drinr-in.::; rra ter (tap va. ter) lias suPT-lied fror;j 

a vial b;r oea.'1S of a. cotton-batte"l 'trick'. 'l".n.e test insect3 uez:-e 

starved for 48 hours prior to adcinistration of food. 7~e;r wez:-o $2cri-

f'iced a t 3 or 10 è.a.jrs aftez:- feedinc. '7:.1.0 followinc ta ble li::; ts the 

pc!'Ccnta{.-e of survival a.'1d attai!1!Jent of adul thood a.:'tcr trou t~e:1t 

in the case of crickets gi ven the oppOz:-'t' . .llU t:r of 3'..1Z'Vi Yi:..: 1 ° or :::ore 

da;rs ai"ter trea tI:!en t : 



chemcals 

cupf'erron 

ca:ff'eine 

control 

no. 0:: 
speci!:1ens 

10 

10 

14 

ii. Drinkine water: 

~ survivins 
after treatoent 
3D 6:> 10!l 

90 80 10 

100 100 100 

100 100 100 

a ttainin:; ad.ul t~ood. 
aftcr treC'. t!J011 t 

3!l 6J 7:' 10:1 

10 10 

100 100 

Third-instar nymphs of G. assi~lis were fed on a standard 

diet of untreated "baby rabbi t pellets" and supplied ..,li th a 0.01~~ or 

0.001% aqueous solution of colchicine instead of tap "ater supplied 

to the control series. The percentage of surrival is recorded in the 

follo~rir.c table: 

no. of 
,", StL.-vival after treatment -,. 

series ' . 
specimens 10D 15D 20D 25D 30D 35D 45D 

0.01% colchicine 10 100 100 40 10 0 0 0 

0.OO1~ colchicine 10 100 100 100 100 90 90 50 

control 10 100 100 100 100 100 100 90 

D=days 

c. cytologica.l teclmique 

Squash prepara ti ons only vere used. T'ne procedure i s 

described in Chaptcr II. 

C. Resulta 

The cy-toloeical behaviour of all control series yaG similar 

79. 



to that of 'normal' individuals, as descri bed in Chapter II, and no ab­

noroality showed itself in the cnromosooes. Treated series showed 

the followine results. 

1. Caffeine: 

80. 

Two different treatments, injection and food-adulteration, 

vere tried. Speci~ens of various species injected vith 0.5~ caffeine 

vere sacrificed at 5 and 24 hours after injection. Specimens fed with 

0.5% caffeine mixed vith standard food (Q. bermudensis only) were 

sacrificed 3 days and 10 days after adrninstration. The frequencies 

of chromosomal aberrations are recorded in Tables ~\V,~n,~(vI, 

Fig. 196. 

Various types of abnormali ty, such as breakaces (FiS. 132), 

stickiness (Fie. 133), clumped conditions (Fig. 134), chromosome gaps 

(Fig. 135), laseine chromosomes (Fig. 136) and stic1:.:r brid.ees (Fig. 

137) were observed. SoDe second-division metaphase cells vere found 

to be in a pol]ploid condition vhich could have been due to the des­

truction of the spindle. The most common effect observed at the late 

prophase l and metaphase l ~as the stickiness of the chromosomes. In 

most cases, interbivalent connections in the form of thin chroma tin 

tnreads connecting the bivalents vere observed (?it:;. 1]8). In meta­

phase l, the bivalents vere alva..Ys cluoped into eroups (?is. 139); no 

detail could be studied. 

The quantitative data for the abnorcalities are recorded in 

Tables :m ,.r ...... YI. T'ne !requencj of occurrence vas scorged fron ~ore 

than 300 cells e:œ.::ti.ned at a.."1:f particular stace at a p<l.rticular nour 
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after fixation. In the food-administered series, the percentase of 

breakage increased direct1y vith the increase in tirne of fixation 

after treatment (Table XXV). Caffeine seemed to have some inhibitory 

action on the ~turation of the last-instar nymphs. Cnly 10 per cent., 

as coopared 'l'ri th 100 per cent. of the control series, :,ecame aclu1 t at 

10 days after treatment. 

An ana1:rsis of the percentaee values of the different tYl'es 

of abnor!."!ali ty·-(~able DY!, Fie. 196) indicated that the frequency of 

daï:la.(;e was relative1y higher in Scapsipedus margina"tus than in the 

other two s~ecies s"tuàied. However, when the percentaees of total 

abnorœl cells rrere compared (2,- !JarL.'"Înatus:20.94~; 1.. domesticus: 

20. 7.g:~; Q. bermudensis: 20. 7~), the differences between speciea uere 

nec1iei ble. 

2. Colchicine: 

Third-instar nymphs of G. assi~~li6 nrovided vith 0.01~ col-- - . 

chicine solution in their water su!lPly showeè. certain sO:'1atic ef:ects 

of colchicine. The b~ size vas soaller ~~d th~ coloration darker 

than in control individua.ls. All trc:!.ted ind..ivi(:!:.lals died. "\fi thin .30 

dn.jo. These phenooena were 1ess apparent in inrli-.iduals given O_001~ 

colchicine solution, a-~d only about 10 per cent. died wi thin 30 days 

(see table on p. 19). Thua, colchicine had 30::e lethal effect at 

bicher concentrations, the 1CTrler concentrations producine lesser effects. 

Last-instar n,:rmphs of G. assir.ri.lis injected tri t:-. O.1:~ col-

chicine vere unab1e to survive ooyond tvo days after injection. Yar-

ious chances in the ch.ro:nosomes 2-'ld spinelle apparatus in the testis 
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cells of the experimental individuals were observed. rrhe most fre­

quent types of chromosomal aberration were fragmentation and sticki­

ness (Figs. 140a,b; Table XXXVI). Sometimes, instead of having a 

clear break in the chromosome, a constriction was found. The pro­

duction of polyploid cells (Fig. 141), chromosomal bridees and dis­

orcanization of the spindle also occurred. ?urther, colchicine 

arrested the process of meiosis, as most of the cell were found to 

be in a resting staee. Baside the abnormalitiea mentioned, the 

chromosomes became swollen, shortened (supercontraction of chromo­

somes) and stained only lieht1y. 

3. Colcemid: 

82. 

The chromosomal aberrations induced by colcemid resembled 

those produced by colchicine, but the degree of dar.1aCe vas less. The 

most significant aberrations were breaYwage (FiC. 142) and stickiness 

(Fig. 143). Colceoid seemed to affect the spindle, for unequal segre­

gation vas detected at late meiotic division (Fie. 144) and sorne 

chromosomes sometimes laeeed behind at the equatorial plate (Pig. 145). 

stioky bridges (Fig. 146) and c-mitosis (Fig. 147) occurred occasionally. 

Supercontraction of ohromosomes in oitosis vas also encounted. ~~e 

spermatids increased in size and the sperss sometimes curved into a 

ring shape. 

Tables XXVII , XXXvI show the quantitative data for abnorcalities. 

An anal7sis of these data indicates that the effect of colcemid vas 

quantitative17 and qualitative17 different as betveen Q. pennsllvanicus 

and G. asaimilis. 30ae ch.romosoaal aberrations, sucb. as laceins and. 



unequal seeregation, occurred only in the former species but not in 

the latter. The total proportion of abnormal cells l'TaS 20.85 per 

cent. in the forcer species, but only 10.96 per cent.in the latter. 

4. Cupferron: 

Only the food-administered method was used in testinc this 

substance. The effects on the chromosomes were similar to those 

produced by caffcine on the food-adL~nistered series. From table on 

paére 79, cupferron ser)med to have an inhi bi tory effect on the r.1a tur?­

tion of the last-instar nymphs and caused hieh mortality amone the 

treated specimens; only 10 per cent.of the specimens survived for as 

lone as 10 days, and no individual became adult after 10 deys, while 

all of the control series survived. 

The oost connon types of chrocoso~l abnorcality were breaks 

(Fie. 148 ) and. stickines3 (?ie. 149). The presence of extra fracment3 

iTas also observed. T:'1is was not only duc to breaks, but a.lso to the 

failure of biv~lent fo~tion by sorne chrooosones -- in ~et~phase I, 

aIl of the chroc030!1e3 ;Tcre clumpcd into a sticky-mass and bivalents 

lIere not produced. One ta four fracnents rrere observed (7iC3. 150, 

151) :;pread t~rouchout the cells, renaini~.:; ~?~rt fro~ t~~e ~in 

chro!:1atin maSSe 

Th.e qua.!'ltita.tive date. for thr! OCC'.lrre:lce of a:::r,o::"!':!.:llitiQs 

are recorded in Tables :,:rfIII,X .. "ŒT!.. The î~quenc'y of a:mo~ali ties 

increased direc tly 11':" th t!lC tioe before fixa ti on a!ter trea taon t. 



5. 3thll acetate: 

Iro indiviùual 0:: G. aS3inili3 su.rvived be"Tond one !lOU2' a~ter _ v 

bein,e injected -..ri th 0.02 ml of eth,71 acetate into the abdonen. Tl:e 

insects became inactive ar.d. turned upside-d.oim inl"lediately ai'ter 

injectior... 'Ilhe data 1,rere obtained frOf:l individuals sacrificed half 

a-l'l hour after injection. The chromoso:nal abnorm:üi ties i',ere sirnilar 

to tnose produced by clacial acetic acid. 3reakase a-l'ld sticy~ness 

'\-rere the most COl:lLlon abnormali ties produced by ethyl aceta. te (Table 

~·JrvI). At cetaphase I, the bivalents of a cell clunped into a dense 

l:laSS, but the X chromosome usually stayed apart :fron the mass (Fig. 

152). Chronosome breaks nccurred at first and second meiotic divisions, 

but ~ere much more obvious at second divi3ion. 

6. Glacial acetic acid.: 

Ho individual aurvived beyond t'llO hour3 after injection of 

0.02 cl of Glacial acetic acid into the abdonen. III of the data were 

ootained fro!:} indi. vid.uals sacrificed one liOur after injection. Amone 

t!!.e lini ted nunber of cells available for study, second division staces 

were not o~served in detail, but it i9 believed that they were not 

q,uali ta tively different fro= t~ose of the first neiotic division. 

C~ro~osone breaks, stickiness (?ic. 153) and clumpinC of cp~omo30~es 

vere observed (':.'able ."-'_tH).~ ti ta ti ve data were not obtained 

because the specioens did not survive for lone after treatmcnt. Lesa 

stain ~as picked up Dy CArooosomes treated vit~ elacial acetic acid 

than by those treated vith other substances. ;Jl suc~ chromosomes 

vere ver;{ faint in appearance when coopa:ed vi t:::. those of the control 

indi vi dual s. 
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7. rb.enol: 

Treated specimens of G. bimaculatus were injected vith 0.05 

ml of 0.05~ and 0.1% phenol prepared in insect saline (Baker,1950). 

~noy vere sacrificed at 12, 24 and 72 hours after injection. The 

occurrence of spermatogonial metaphase ;Tas more frequent tha.'1 in nor-

mal and control individuals, especially in thooe injected wi th 0.05;; 

phenol. ~nis is in aereement with previous findings. Phenol can 

have an effect on the arrest of spermatoeonial oetaphase, and sorne 

workers have used phenol as a pretreatrnent aeent for the study of 

mitotic chromosomes (Sharma and Sharma,1965). 

The most noticeable effects of phenol were failure in the 

formation of the spindle, breakace (Fie. 154) ~'1d sticldnes3 (?ics. 

155a,b). In sorne cells, the bivalents vere found widely distributed 

tnrouehout cells as a result of the destruction of the spindle (Fics. 

156a, b). lTon-disjunction (Fig. 157), numerous univalents (Fie. 158) 

and unequal segrecation (Fig. 159) were observed in individuals 

injected "i th 0.1~f, phenol and fized at 72 hours. 30rne chromosomes 

Iaceed behind at anaphase l (Pie. 160), ~"ld dicentric bridt,"es (Fie. 

161) or sticky bridges (Fie. 162) vere aiso observed. Sorne telophase 

nuclei vere found to CO!ltain pycnotic masses. 3reaY.age in the ): 

chromoaone vas observed in oitotic ~etaphase, but it "as very rarely 

round in oeiotic divisions. C-mitosia occurred in the teatis sheath 

col 1::; , too. 

The quantitative data for the abnornalities a-~ recorded in 

Tables !XIX to 'L-r::r.II, ?igs. 197,198. A..'1 2.!"'ûlIj"sis of theae data indicate 

_.- ... _--_._~_._-"-,----_ .. _-_ .. __ ... , .. 
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that chromosonal a'!:lerrationG increased eradually rrith increased tioe 

before fixation follorTinC trea tmen t. T'ne frequency oi' breaks a t 

metaphase l and II was relatively low compared with occurrence at other 

stages of division. The spiralized ~~d over-condensed state of the 

chromosomes, however, may have made the detection of this abnorrnality 

more difficult in these ~iO staces. The frequency of bridees produced 

by 0.05;~ phenol reached its pecl< at 12 hours after injection a.~d 

dropped back sooewhat with increase of the period before fixation. 

The frequenc:r of polyploidy produced by 0.1;' phenol showed a similar 

resul t. 

In aloost aIl cases, the frequency of chromosol:la.l aberrations 

l'Tas relativel:r creater in individuals of the O.î%-concentre.tion seri0s 

than in tuose of 0.057~concentration series (Table Y":'Cr:r). Hot 0!11.:r 

Has the S'tU!! total of the abnoro.:!.litiez found to be creater but the 

types of aberratio!1 were more varied. 

D. ::n. SCU38ion 

The c:rtolocical a'IJnornaJ.i ti-ns produced by d.ifferent che::l5.cals 

;rere nain1y stickiness, ":Jreakaee, bridses, lae~~nc, c-l1i tosi s, 1'01.1-

ploid,:r, r:on-riioju!1ction a..'>1d llncqu..'1.1 3ecreLë!.tio~. 'l'he first ~ro or 

three of tnese ife~ ::;enercl. effecta !lroduced by al1 of the chernicals 

uscd, but the renainder -.rere noticed on1.7 for certain c:1Emic?.ls. 

sO!Jes b.l a fain tly-staininc thread. 



occurred as a result of aIl treatments, they are consiùered to re­

l'rosent different a.spects of the :::ame reaction. Perhaps a stroneer 

attack on the chro~osome by a chemical would result in one or more 

free frab~ents, while a less severe attack would produce a constric­

tion or an incomplete break in a chromosome (Levan ~~d Tjio,1948b). 

The free fraements were of variable size, ranging from a very srnall 

dot to a rod or even an entire chromosome arme 

'fhe chrornatid fraements were mainly found in the prophase 

and usually remained paired wi th tneir sister secments. In a fetT 

cases, half-chroma tid breaks were observed in prophase 1. Kaufmann 

(1954) suggested that, under certain conditions, chemicais oieht act 

selectivelyon the component units o~ ~ crultiple-strand chromosome. 

At anaphase, free fragments usually remained at the equator, whereas 

the a ttached fragments were pulled by their parent chromosomes touards 

the poles. 

The principle of chromosornai breakaee induced by various 

chemicals 1s not fully understood. Auerbach (1949) suegested that 

chemicals produced hazards in protein reduplication which were ulti­

rnately responsible for chromosornal breaks. ~tfter a series of experi­

ments, Sharma and 3harma (1962) concluded that a dis~bance in the 

metaboli ~ of RnA vas responsi ble for ch.romosoma.l breaks. Thi s di a­

tu.rbance affected the protein synthesis and finally, indirectly, the 

mTA s;~thesis in the chromosomes, resultine in chromosoual breaks. 

They also pointed out that the vay in vhlch thia type of disturbance 

arose, vhether t!le sana or different for different chemicals, vas 



unknown. !.!anna and Parida (1967) stated that formalin produced 

breakaees, behaving as an anti-metabolite; it reacted on protein 

rather than on nucleic acid. Levan and Tjio (1948b) found that the 

production of breakages by phenolic compounds was due to an induced 

intercalary sticYiness of the chromosomes which led to the observed 

fornation of anaphase bridges and fragments. 

88. 

The frat;mentation reaction induced by chernicals in the 

present work was found to oe sinilar in nany features to that resulting 

from irradiation effects, but considerable differences rrere al so 

observed. Thus, the percentase and decree of fraementation were hisher 

for the gamma rays treateent (sec Ghapter IV) than for the chernical 

treatments. This 'f'J2.y l:.ave been due to the chemically induced chrono­

somal breaks being spread over a reasonably long period, rThilst the 

ganma rays breaks appeared virtually sioultaneously with treatrncnt. 

8tickiness of chromosomes is a connon physiolocical p~eno­

nenon effected by ~~y cheoicals and by irradiation. It :~~S oeen 

observed by Oster[::rcn (194I\.a), Vara.ama (19·n), Y.ir.lm..~n and Lev<!..~ (1949), 

Koll~r (1952), CO.rnr.zaJ1 (1954), 3ha!"i!la and ~·~ukherji (1955), :7a!:ioiar 

(1955), 011.'10 (1960), Ohno and Tanihuzi (1')60), 1:anna and ?oy (1964!, 

~~!" .. ~a ar~d. :)arid.a. (1965a, b, 1967,1968), !:...'1cr (19C5), :-:a1-.:cern a!'lQ ":.~.,cr 

(196G), L~er and. .:..li (1968,1969), l;!Ier and ?a!'2..:: ~19,~·g) ~rl o·b.ern. 

!~ t:!e pre~ünt gt'..:.è.y, i t neeneè. to be but a tœ::rorar;[ effect !lince 

the l'e:rcentace of stiekiness deerc:!.scè. ~~è.'J.a11j' !ro~ t:'.s earlj' to 

t::e la. ter sta.:,-e s of ?:!'orù.ase a!1c. r::e to.p!:J..:lsc. :~-; ~-:e t::''p~-~3e :, t~e 

dei.Tee of stickineS3 · .... a.ried. l'l'on :::-..!1 tivalent fo:::-...z:. tiO!1 te tr~e elu;;;;;inC 

of all bivalents into a sincle ~S3. 



suc..;ested tl~ t sticl:i21es3 lW.S due to e. d.e:r:,oIJ7.le::,'iza tion and crOS3-

lin}:; ne 0:: t!l8 ïITl. of t:le cl:ronoso::les. This suGGestion .. ms later 

supported by physiocher.ri.cal studies on D:T.l solutions (3parro'W and 

(1955) stated that stickiness vas not due to the depolyr:1erizatior. of 

illTA, but rather to a partial dissociation of the nucleoproteins a~d 

an alteration in their pattern of orza.!üzation. Varaana. (1947) 

thoucht that i t l'TaS ca.used oy a. reduction in viscosi ty of the natriz 

renderinc the chrotlosone surface more fluide 1ianbiar (1955) believed 

tha t a cha.'1ge took place on the chroDoso!:!e surface in which i ts di s-

cretenesB and individuali t;r 1-7ere lost BO th.a.t t:!le chromosones becaoe 

irre[;u.larly shaped 1!la3SeS froD whic!;' a few tb..in t:!U'eads projected. 

In the present study, dicentric chronosooal bridces '\'l'ere 

observed in cupferron, caffeine and phenol treatnents. Chro!:losonal 

bridces œ.:r originate in one of the follo1ri.ng wa.:Js: (1) a c1:ronosone 

rnaJ break before replieation ~'1d form ~'1 anaphase bridce and ~ acen-

tric fragment after the proper fusion of the broken ends (lea,1947a); 

(2) heterozycous paracentric inversion nay oceur in interphase chrooo-

somes, which will result in a sinilar confiGUration (~ai,1964); or 

(3) a chrooosomal brid.{.-e ma:r occur as a resul t of stickiness, es-

peciall;r when no fra(;ment accoopa.'1ies the oridee. ::ost of the ch.1'ooo-

sooa.l bridt.--es observed in the present study vere nerel;! of the sticl:;{ 

bri~~ typeJ • true' oridees occur::-ed at a very lev frequencj'". 

Colchicine and colcecid caused the contraction of ohro~o30oea 

(> 



et mitosis. Apart from shortenine and condensation, the chromosomes 

showed no other ebnormality. Urethane (lTambier,1955) and nethyl­

naphtho hydroquinone diacetate (Hybora and Knutr3son,1947) ,.rere found 

to produce similer effects. The contraction ;las due to an inherent 

cha-~ee in the fom and shape of protein molecules of the chromosomes 

(Ostereren,1944b). Uaobiar (1955) suGcested that the contraction 

mieht be an expression of spiralization. She added that the reason 

for different behaviour between mitotic end oeiotic chromosomes miCht 

be because the oeiotic chromosones usually have an additional spiral 

90. 

over the rnitotic chromosomes, and therefore no room for further spire-

lization would ezist. Colchicine rTas found not only to produce chromo­

sornal abnormality in crickets, but also to have a lethal effect, par­

ticularly when applied to the earlier instars. 

Phenolic cornpounds were found, in the present study, to 

suppress spindle activity and to inhibit the onset of oitosis in a 

manner similar to colcf<Ïcine and colcemid. 1Tilson (1960) found that 

2,4-dinitrophenol at 10-5M marked.l:r inhibited the elucose-stimulated 

ri3e in mitotic ectivitj in excised pee roota. ~ne nature of tAis 

inhibition was unknown, but it was prooebly associated with the ability 

of this compound to uncouple or;fi:.-en froc phosphorylation. 

Of all the treatments, phenol produced the hichest decree 

of chromosonal abnoroality of any of the chemicals tested (s€e 7able 

:Cr ... CVI). The cytoloeical da.oa",-e to plant cells cauaed by p:-:enol ilas 

been deoonstrated b1' rl2.n;/ vorkers {Levan and ?jio, 19i~8a, b; !.ev~'1, 19;9; 
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observed abnornalities sinilar to those recorded in the pres~nt study, 

3Uch as brea~~ee, stickiness, c-mitosis, la5cinc, bridce fornation, 

etc. Al t:lOUe:'l SP...aroa and Jha tte.charY:la (195G) :la.ve dernonstra ted 

advantaees in the application of phenol for t:le stud..T of karyotype, 

i t i3 not, in eeneral, safe to a?:;l:f t::üs Su0st~.nce as a pretreatnent 

aCfmt, even a t a 10r1 concentration, aa i t nay resul t in c!lromosor..al 

abnoroality. 

In the current study, clacial ucetic 2.cid, etb...ll acetate 

and cupferron affected mainly the chromosomes havine a lasser or no 

affect upon the spindle apparatus. Abnornalities 3uch as c-nitosis, 

poly:?loi.d c~,11s, anaphase 1ii th destroyed s1?indle, unequa.l segregation, 

etc., '\·;ere !lot obset'V'ed. ?rom this, i t rl'.ay be presumeit that these 

c;lemicals have very li tUe effect on the p!'oteins 'i'!üch are larcel~' 

stated that acetic acid treatrnent did not produce a sicnificant effect 

on spinelle structure. 

3ensi ti vi ty to most of the di:'fcT'0nt c::cnicals tested in 

th':! present stud.:r varied betifeen diff'erent species, al thouC:; the 

rcsponae to caffeine tre!!.trnent ',{al3 the sane even in sp0cies ~lon~-:in;: 

to (li fferent cenera. Tt i S l'articularl.: notable t~;,a t Gryllus re:lnS;j'-

lvanicus and G. aS3ir.lilis, al t:!OUeh they bot!'l. belone to t!'l.e p.:ne 

conus, shoiied reoarkable ë..if,.'erences in t;;e è..e:::.,-rec of S~;':3~ :ivi ty to 

vith biochemical procegses at di.:'i'orer;t site::; a!1<l. in 30nc...,:~::'.t di.:'f':rnnt 

aioilar ei'fecta {in spite of i.ntersl=lecific diffùrenCl?êl in t:·.~ ce.3e of 



the latter), but the forner \'Tas more effective in causinc da.mace to 

the spindle structure. Therefore, cai'i'eiliC S:lOU.là. be considered less 

safe than colcenid for use as a pretreatnent acent for karyotYTic 

analysis. 

It should further oe noted that there aI'pears to be sorne 

variation between the resul ts obtained by different workers deé'.ling 

ui th the sane chemicals. :?or eY..c1..":lple, phenols have been found by 
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TJeva.Yl and T jio (19,j.8a, b) to produce ch.romosooa.l brea.l{s in Alli U1!1 cepa, 

'\orhereas Loveless and ReveIl (1949) failed to obtain any sic;nificant 

frat,T.lentation in Vicia ~ .. li th a sir.:.ilar cuernical. On the other 

han,d, phenol did induce c!lromosomal breakaee in crickets in the pre­

sent study. lTothing is to be eained by assumine that one set of workers 

is right and the other is wrone. T'ne differine resulto are more likely 

to reflect differences in the purity of chernical use d, in the test 

oreanisms, in the sensitivities of different parts of the mitotic and 

meiotic cycle, etc. In sone cases, if scoring ia not carried out at 

the rieht tirne, breakaee potential of the chemicals may be overlooked 

(;lilson~ 1960). 



~. Literature Review 

1. General: 

That ionizinc radiations can induce chrornoso!Ja1 aberrations 

had been realized since the fund.ar:lental discoveries by J-'lohr (1919) 

and :.ru.l1er (1927,1928) in a...l'lirnals, and by Stadler (1928) in plants, 

that X-rays produced mutation in the organisms. SUbsequent1y, a 

considerable 1iterature has accumulated describing the cytogenetic 

effecta of ionizing radiations, ~. X-rays and gamoa and beta raya 

(both direct1y and by the use of various radioisotopes) and neutrons. 

Host of the atudies agree tha t the degree of chromosome dallage due 
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to radiation ia directly corre1ated with dosaee (Y~ufmann,1954; Evans, 

1962). Radiation interferes with a nucber of biochemical processes, 

especial1y those concerned with protein and nuc1eic acid synthesis. 

The effects oey be temporary and reversib1e, or perna~ent a...~d usua11y 

lethal. 

2. X-ra;rs: 

The study of X-ra.1-induced chromosomal aberrations in Ortho-

ptera has been qui te extensive, particularly in erasshoppers. Host 

of the earlier workers (Hohr,1919; 1lh:i te, 1932, 1937; 3'e1;rie, 1933, 1938; 

carothers,1940; Creit;h.ton,1941; Creiehton a..."d Bvans,1941; 3ishop,1942) 

ecp10yed testis cella of various species for the investigation of the 

effects on ~eiotic cp~mosooes. Carlson (193Ba,b,1940 ,1941a,b,1954), 

hovever, e~ned the mitotic ch-~oosoocs of neuroblast culture ce11s. 
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Chromosornal aberrations such as breakaee, ~~aphase bridges, stickiness 

and reciprocal translocation 'YTere observed in both mi totic and meiotic 

chromosomes. 

ilel~ie (1938), using X-rays, irradiated partially developed 

eI!lbryos of the erasshopper Circotettix verrucula111s (Kirby) at very 

ler1 dosaGes (200 rad to 350 rad) ~'1d studied the effects of this ra-

diation on the meiotic chromosomes of the rerrultant last-instar nymphs. 

Reciprocal translocation and breaY~ge occurred. Tr~nslocation occurred 

more frequently (in 76 or 78%~. 22 to 24% of the occurrences) between 

the laree elements (the twelve largest chromosomes) than between the 

small ones (the four smallest chromosomes). The frequency of breaY~se 

"as sreatest immediately after exposure and became less as time elapsed. 

The fraements always became reattached to their respective parent 

chromosomes at the loci of breaY~se. Carlson (1938a,b,1940,194îa,b, 

1954) etudied the neuroblasts in the embryos of Chortophaça viridi-

fasciata (De Geer) develo;pine ir. eces w!lich had Deen irradiated with 

-:<..-rays. r;:'wo phenonena, side-a-"'O bridees and 1 stickinesa 1, occurred 

at anaphase 9~ortly after irradiation. Carlson (1954) pointed ou.t 

t~t a dose as low ae 25 rad "as capa ole of inducing meiotic delaJ 

toc,:,:!'Ç'l ... -:::",_oçaria(?os}:!l), but ... adrled. t~at acentric fra.:;'!:'ie!,ts y.ere T!!.~ 

?,!,d t~l.a t non-c :lrO:'1~ tid breaks -.rere fou.nn. 

?a.:r-Chau(F~1_1.ri a~,d 3arJr...ar (1 ~52 ~ , 

etudies of the ef~ec~s of X-~-induced chro~oacr-al a-~rratiQna in 



grasshoppers, and used the dicentric bridge of anaphase l as an in­

dica tor of chromosome damage. !·ianna and hi s co-'Workers (1.l'a.nna and 

Hazumder, 1962,1967; 1.la.zumder and Uanna, 1966, 1967,1968; 1·fa.nna, 1967) 

used the occurrence of X-ray induced X chromosome aberrations as an 

indicator of chromosome damage. They found that X-ray treatoent, 

combined with chemical pre- or post-treatment, 'Would increase the 

percentage of damage (Hazumder and !.!a.nna., 1966). Similar resul ts had 

previously been reported in plants by I.lerz!:.! al. (1961) for the 

broad bean, Vicia faba L. 3esides the X-ray treatment, Manna. and 

his collaborators (l.ra.nna and Roy,1964; r·:anna and Mukherjee,1966) also 

studied the effects of other ionic radiations (Pli dependence) on 

grasshopper chromosomes. Anomalies, in the foros of breakage, frag­

mentation, constriction, anaphase bridges and multipolar spindles, 

were discovered. 
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~ruch less attention has been paid to the cytological effects 

of ionizing radiations on crickets. Similar work to that of Carlson 

(1954) and Fox (1966a,b) has, however, been carried out on the nouse 

cricket, Acheta domesticus L., by 3luzat (1964). Developed embryos 

were X-irradiated at dosages of 300 and 500 rad and neuroblasts of 

the embryos were studied cytologicalll". !"ragcented chromosomes and 

double bridges were observed at different stau~s of meiotic division; 

the sensi tivi ty to X-rays varied bet-.reen different stages of embrl"o­

genesis. Radiosensi tivi ty of eggs of Gr,yllus bima.culatus vas also 

examned bl" Sereno (1960). An exposure of 350 rad reduced the hatch 

of 0-, 1- or 2-day-old eggs to about 50 per cent and }-day-old eggs 

to 11 per cent of the controls. 



3. 3eta and Gamr.1a. :Radiation: 

In addition to the above study of the cytogical effects of 

radiation, four additional works concerning the effects of radiation 

on crickets have been published. In the first of these, treatment 

wi th the radioactive chemical L-r.,!ethionine-Hethyl-1 4C was shown to 

cause sterility of males o~ Gryllus assimilis (F.), and to inhibit 

oviposition by normal fenales when these mate with treated males 

(Abdel-r~lek and Kevan,1961). ~ne inhibited females resuned oviposi-
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tion af'ter isolation for about WO rreeks and mating wi th normal males. 

The authors presumed that sorne inhibiting factors were passed to the 

females from the treated males by way of the spermatophores. The 

chemical had no direct effect upon the females. 

Recently, Jobin ~ al. (1970) studied the sensitivity to 

gamma rays of the house cricket, .Acheta domesticus. The maximum 

lethal effects were manifested after 100 hours of development; eub-

sequently they declined rapidly. Radioeensitivity of adults increased 

with age; females were more sensitive than wales. Adulte developed 

from irradiated nynphs showed sorne abnormality in their morpholoer, 

especially of the wines. Garuna radiation was also found to affect 

life expectancy and reproduction in the sax1e species (7:enhinick and 

Crossley,1968; ITunter and Krith.a.;raJdern,1971). 30th ad.ults and n:rnp:ls 

were tested. In eaeh e:cperiment i t was round t!1.at the life eT.!'ecta.'1c.ï 

was reduced ~t~ increased dosases when the insects were irradiated 

at 4000 rad or :::lore. The life expec ta.'1Cj· of feoalea ;ran increased, 

hovever, vhen they wez-e irradiated ri t~ 500 :-ad, 1000 rad and 2000 rad; 
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no sienificant increase was found in RaIes irradiated at t~e sane 

dosaces. Only snall nymphs shmied ~~ increase in life expectancy 

when irradiated at 1000 rad. :Iunter and !Cri thaJ"alr..iern (1971) also 

reported that the number of eces laid was sreatly reduced after irra-

diation, and that ebes "tTere not laid by females treated ri th more 

than 4000 rad. 

4. lU traviolet: 

Earlier investie;ations have shown that ultraviolet radiation 

can induce chronosornal breaks (Swanson,1940,1942,1944; SlizynsY..i,1942; 

Kaufmann and Rollaender,1946) a..'rJ.d sterili ty in male Drosophila (Trac­

kenzi e a..~d Hùller, 1940; Demerec 2.1 &. , 1942; !:aufmann and Denerec, 

1942). ~ecently, oost of t~e inforr.lation on the ef~ects of ultra-

violet radiation he.s been obtained by the irradiation of delini ted 

areas ri thin cells in culture. 3everal studies have 9nmm tlk'"l. t irra-

diatinc a C!lror:lOsone brine about a 1090 of urA and r...istone at t!le si te 

of irradiation (Takeda.,1964; 31000 and Czarslan,1965) ~1d ~:~t t~c 

sl'incUe dir..ir:is~cs in size or d..:..sa~:pca:-9 te::ïy,omril.7 followinr. t~c 

irradi~tion at al1j part of a cell; it ~~S ~lso fO~~Q t~t irradiated 

cella later recon9tructed a nCn 3nall 

to the irradia tio!'. of ~~ cel!:..G.ar arc:::.. 



98. 

chromosomeS. Daughter chromosome bTOUps nove rapidly from the irra-

diated pole t01-Tards the non-irradiated opposite pole after the cell 

is treated at telophase uith an ultraviolet Ilicrobeam in a restricted 

part (Ua,ka.nishi and Y..a.to,1965). Accordine to 31mn (1959) a churning 

or cyclic movement rapid occurs in the· cytoplasm l'ri thin a few minutes 

after exposure of cells to ultraviolet rays. Therefor~, n,,_1canishi 

and Y..a.to (1965) believed that a prompt chance in viscosity rnicht 

occur at the irradiated area which would cause cytoplasmic streaming 

in the cytoplasI:l around the irradiated area. T'nis resul tant stream-

ing might push the chromosome groups towards the equator of the celle 

B. Na. teria.ls and Hethods 

1. z:a teriaJ. s: 

!Tyt:lphs and adul ts of the follol'ring species (from the sources 

indicated previously) vere used: 

G;rllus assimilis (Fabricius) 

G. bi I:lacul a tus De Geer 

G. 2ennsylvanicus Burmeister 

Acheta dOI:lesticus Linnaeus 

Scapsipedus œrçinatus (A.:fzelius et 3raJ'l!'l.ius) 

Allonemobius allardi (Alexander & ~ocas) 

AlI of the V8-~OUS species of cricket listed above were ez-

posed to carniK" ra.:Js, but only Gryllus asnimilis vas used for ul tra-

violet treataent. 
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2. Eethods: ., 
Ten to twelve individ.u.a.ls were used for eacb. treatmant. 

T"!le majori ty ilere penu! tina te-instar :na.le nyophs, al thouGh soce 

t!lird- arrd last-instar !:!ale nymphs a."ld adu! t males and females were 

a.lso used. 
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Gamoa irradiation was carried out usine an A.C.E. 'Gaa~cell 

220' cobalt 'bomb' • .An aluminiUI!l 'filter', rlhich eliminated 70 per 

cent. of the gamma and all oeta radiation, was inserted between the 

radioactive source and the material to be irradia.ted. Ea.ch insect 

to oe irradia.ted was put in a 22rnm X 35mm glass vial, closed by a 

plastic ('lTeoprene') stopper, alld placed at a distance about 8.2co 

above the bottoc of the operating tube (i.e., directly in line lii th 

the radioactive source). Four vials were irradiated simultaneousl:r 

on the same horizontal level. The e%posure rate vas kept constant 

at 54.35 r/sec, but the exposure tiI!le va.ried in different treatments. 

After treatment, the specimens vere rea.red for varyine times at a 

teopera. ture of 21.5±1 0 C under sta!ldard laborator:r conditions. In­

dividuals of the control series were reared tl.."'lder similar labora. tory 

conditions, but received no radiation treatoent. 

IndividU3.ls treated vi th ultraviolet radiation (Ggllus 

assinilis onl:r) were rea.red. froo the penul ti::late 11:f!:!pha.1. instar in 

standard one-&-allon cand.y jars placed in an incubator illU!l!inated 

froo abova by ul tr.!violet lieht. Th.e expo~ rate vas kept consta!lt 

et 65 ~/cm2/sec. 

A.t interve.ls after irradiation, the testes of ea.ch in3cct 
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were dissected out in insect saline (Zaker,1950) and fixed i~ acetic­

alconol (1: 3) for 24 hours. They -:i'e!'e then stained in alcoholic ~Cl­

carmine (Snow,1963) ~~d squash preparations in 45~ acetic acid were 

made. Two to three individuals were fized for each treatnent. ::ost 

of the data .Tere secured by eza.rnination of t~e first !!leiotic division. 

E'icures were drawn at a macnification of 1250:< usine a CaIlera lucida. 

30rne caoma-irra.diated nymphs of different species were not 

dissected, but rTere naintained under standard laboratory cul tura 

conditions in order to observe the effects of radiation on subsequent 

develop!Jent. 

c. 3.esul ts 

1. Effects on Su--rviva.l~ A~elopIlent and Reproduction: 

The affect of gamma raya on su-~va.1 was more or less similar 

for all species, e~cept G;rllus bioaculatus which showed a very hieh 

!Jorta.1ity rate (Table ~lII). G~~ rays also inhibited the develop­

~ent, especially of the younger-instar nymphs. Of the tp~rd-instar 

nymphs of G;Zllus assioilis, Acheta dO!Jesticus and Scapsipedus ~ 

einatus, vhich l'rere irradiated ri th 100 rad and reared under st~dard 

conditions after treat!!lent, a.1!!lost all shoved arrested development. 

lio further coul tinc occurred in these nympha, i. e., the]' remained in 

the third-instar until they di ed (a OO'.l. t wo ::lonths a!ter trea t:!lent) • 

A fev irradiated Il,ïOl>hs of Q.. assioili3, 1. rennsllvanicuB, Acheta 

doeesticus and Scapsipedus ::la.rp.na. tus, hO""ever, developed to the 

adult st~te, ~~t shoved abno~ vins developoent. 
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Crossing ezperiments were attempted between irradiated 

females and normal males, and ~ versa. r.!ating occurred and sorne 

eggs were laid in both cases but not a single eee hatched. lIo egg 

was produced when irradiated females were rnated with irradiated males. 

Sorne nymphs of G. assimilis, irradiated in their penulti-

mate-instar with 1000 rad, were sacrificed (as last-instar nymphs) 

21 days after treatraent. These were snaller in body size than normal 

and the gonads vere only about 1/4 to 1/3 of the size of those occur-

ring in normal last-instar nymphs. Further, the gonads were abnormal, 

being cade up largely of deGenerated connective tissues, and were 

covered vi th laree amounts of fat. 

Not all of the ab ove effects which occurred in the indivi-

duals treated vith camma rays vere observed on individuals treated 

with ultraviolet rays. The latter developed norrnally to the adult 

stace and behaved like the control series. 

2. Cytol0BÏcal 3ffects: 

a. Ga.m.~ raya 

The oost sicnificant of the chromosonal abno~~litie5 in-

duced by gamoa raya was fracoentation, cr~onosonal breaY~ceB beine 

observed a.t any st~-e of division. Therefore, in t~e prc3ent studj, 

attention ~as focused larcely o~ t~e occur=a~ce of f~!~cnts, ea-

r;ecinlly froc a qua..''1ti tative ~ric;rroi;.t. Other amo7.:~li tics, ~.4C~ 
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169,170,171), u-~equal se~Teeation (?ics. 172,173), multipolar con-

fieuration (?les. 174,175,176), ciant spe~natids (?~c. 177) and meio-

tic delay, i'Tere, horrever, also observed. The frasments varied in 

appearance, size and nunber in different cells, but no difference 

,T<lS recorded rri th re~-ard to the configurations o":Jserved as a. resul t 

of different dosaGes or in different species. 

Al though the fra~;ments varied in size, they usually were 

very soall, ap~earinG as dots, tip~ spheres, or snall to 1arse rods 

(?ics. 178,179,180,181). They rrere found scattercd throughout the 

cel1s, outside or inside the nuc1ei. This distribution of fra&~ents 

throuah the cells (especially outside the spindle areas) indicated ~ 

lack of power in po1errard m~renent, ~~d most of then could be expected 

to be eliminated. The fracments were a1so observed to lie, either in 

the vicinity of their respective parent C2romosones or as separate 

scattered entities. They ranged from one to ~~ in a sine1e cell 

(Fics. 182,183,184), the nucber, increasing, in ce~eral, with increase 

in dosage and duration of treatment. ?oroation of micronuc1ei, pro-

bab17 froc a few of the fragments, rras a1so o":Jserved. ~ne fraements, 

though infrequent, yere found at bath metaphase (?iC. 185) and anaphase 

(FiCs. 186,187). The fracoents oay have resulted from simple de1etion 

(chroma.tid and c!u-omosooe breaks), vhich might be tert:.inal or inter-

sti tial, or they ma::! have been derived durinS the for!!la.tion of chrO!!1o-

some dicentrics • .. 
In~resent study, cultiple breaks, particularly affectinc 

the oh.ro:na.tids, vere found to be qui te frequent. C!::..ronosomal gaps 
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were usually observed in the cells containing free fragments, but the 

frequency of the Gaps was less t~~ that of the free fragments occur­

ring in the same celle Amone the different species studied, the fre­

quency of iree fragments was higher in those species with higher 

chromosome nunbers (Figs. 178,188), but the frequency of breaks was 

meher in the species wi th louer chrocosome nunbers (see Table XXXIX). 

Chrocosomal bridees occurred very commonly in irradiated 

cells. Like the frasments, anaphase bridges appeared in various 

configurations, the most common beine sticY~ bridGes (Fig. 164) and 

brideea due to delayed separation of chromatids (Fig. 163). Inter­

ch.a.."lge bridges (Fig. 189) occurred only occasionally. Host of the 

bridees ultimately broke up due to the mechanical pulling of the 

spindl e fi bre s. 

Interbivalent connections occurred frequently. During the 

diplotene and diakinesis, usually more than haIf the bivalents were 

connected, while, in sorne ce1ls, all bivalents were involved. At 

metaphase I, sorne cells clumped into a mass (FiC. 190) or into a few 

groups (Fie. 191). At diakinesis, different combinations of quadri­

valents, bivalents and fragments were observed. The formation of 

quadrivalents vas probably due either to the reciprocal translocation 

of broken chrooosooe ends or to the sticY~ness of the chromosomes. 

Quantitative data for fracoentations are recorded in Tables 

.txXV~II and ~\I7.. The frequency of occurrence vas scored froD oore 

than 600 cells exaIlined after different dosaees Zl..'1d a t apecif'ic staees 

at partic\ùar hours after treatoent. 3ecause of the linited occurrence 
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of second oeiotic division ce11s, a quantitative study for t~;s stace 

could not be cade. The resul ts indicated that anaphase l and te1o-

phase l were the !:lost sensitive stages and that the percentace of 

damaGe increased with increase in dosaGe and/or duration of treatnent. 

A &raPhical representation of the percentaGe of da~ce (Fig. 199) 

takes the foro of a..'I1. ezponentia1 curve. Ho siGtlificant resti tutiorl 

of breakaze occurred in the cel1s rrithin 10 da:rs after radiation. 

b. Dl travio1et 

Penultioate-instar nymph6 of on1:r one s1'ecie6, Gry11us 

assirni1is, were used to study the effects of ultraviolet radiation. 

~~e deve10pment and surviva1 rates of individuals treated wit~ ~5 

~/cm2/sec ultraviolet ~owed no difference fro~ those of the co~trol 

seric~. :;.') chro::lo30na1 abnorma1i t.l occurred. after 20 d.a:rs of con-

tinuous treatment. Abnorma1ities, ~~ch as breaks (FiC. 192) and 

stickiness (?i.e. 193), were, hOHever, observed after 25 da.ys of con-

tinuous trnatnent. The qua~tit~tive date are as follows: 

duration of 
treatcent(days) 

20 

25 

30 

o (control) 

PI = pro,pha.se l 
:{r = taetaphaoe l 

HI! = netaph.e.se II 

....r, ce11 s showinc 
stickiness 

~ ce11s shmdne breaks 
PI !Œ Er! 

11.2 
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D. Discussion 

The present study has shown that ga.mr;ta rays not only induce 

chromosomal abnoroalities, but also have an effect on surviva1, deve-

10pment and reproduction. The percentage rnorta1ity increased with 

~~ increase in dosaGe and either ebgs were not produced, or on1y 

sterile egGs were laid by the treated fema1es. Sici1ar resu1ts were 

a1so observed by Henhinick and Cross1ey (1968), Jobin et al. (1970) 

and Eunter and Kri thayakiern (1971). Physio10.:;i.ca1 changes caused 

by t~ radiation have not been adequate1y exp1ained. However, from 

cyto10cica1 evidence, the high rnorta1ity and steri1ity arnong test 

insects are shoim to be due to aerious c!lromosoma1 danaee. 

After radiation treatment, most of the ce11s in the teatis, 

especia11y those of the ear1ier-instar nynphs, wera found to Je :.11 

interp~ac, because the most sigilificant affect of radia ti0!1, be:>ides 

brenkace, is inhibition of both mitosis a-'1d neiosis. If a cel1 uere 

approac:rinc pro?hase ct t the tirJc of trea tnen t, i t 'iiot.ùd '.le inhi b:. ted 

fror:! entenne this stace, or if i t tiere in Cf).r1.:r proph.asc, i t niC:~4t 

ap~ear to recrcs3 in ~~~se (?~lcr,1954). On the ot~cr hand, if a 

tio!: il:!.fl <l.Pll1il)~., it would cC::'l'lete its division rrit::out i!'"!terru.ptiO!"l. 

':'Iio t.7l'cs o~ f::'a[,:~'len t:l tion us~ly occu::-retl a::tcr irrn.d.ia-

tion in a tissue co:-:t.-:linin,: div:'dinC co9118: C!lro!:1oso~e t;,-pe a.--:1 c::ro-

ecroccnt:-ic of ::la te ri cl. • '.,., ..:,.... of 



the c~onosome type may either be an intrachange, resulting in one 

or two fraL~ents, sometimes accornpanied by the formation of a ring 

bivalent, or one ,Thich usually resul ts in the fo!'!!la. tion of a dicen­

tric bridge plus one or trro fragnents. Chrooatid type aberrations 

are essentially sinilar to those of the chronosoce type, but show 

Dore variety of change, such as translocation, duplication, etc. 

~lree hypotheses have been put forward to explain the me­

cr..a...l1.ism of chromosomal breakage due to radiation. The "breakage 

first" hypothesis, proposed by 3tadler (1928.), is that a sinele 

deletion is caused by a single break either in the chromatid or in 
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the chromosome. The "contact hy];>othesis", suggested by Serebrovsky 

(1929), is t!~t breaY~ge is produced in a chromosome following a single 

'hit' by X-rays at a place where the parts previously remained in close 

association. Investigations on the chromosomes of the plant, Trades­

cantia, supported these trro hypotheses (Sax,1938,1939,1940,1941). A 

third h,ypothesis knOim as the "ey.change hypothesis", however, was 

propooed by Revell (1959). According to this, all chromatid and 

chromosome breaks resul t from e:cchanges of the intra-chromosomal type. 

Certain cases of fraGmentation in the present study can be ezplained 

better by the exchange hypothesis than by the two previous hypothes~s. 

?he occurrence of soce types of fraementation, however, do not fit 

well vith any of the three above hypotheses, and a different ezplana­

tion is necessarJ. 

Y.i.h1man (1961) believed t!-~ t a t least one t;pe of break, 

extraoe fraccentation of sooe or all chromosones in a cell, does not 



arise by an ezchan&~ mechanism. Such extreme fragmentation has been 

described under diÏÏerent names, such as chromosome "shattering" by 

Lovelace (1954), "pulverization" by D'.AJ:la.to (1950) and "total Zusam­

men'bruch" by!·!arquardt (1950). The present study supports 1~ih1man's 

be1ieÏ. ~ne occurrence oÏ nunerous Ïra6~ents in a ce11 must be a 

result of multiple brecl~s caused by radi~tion and 1s not eXJ?lica.~le 

on the basis of exc~~ce. 
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::=!:vans (1962) pointed out that radiation ind'_lced 1aree nU!!oers 

of breaks in chronosomes. In some inst~~ces there may be restitution 

of a fracmented c!U'or.losome frOID i ts several parts, in some cases 

structural rearraneement may be invo1ved; a~d in others, free frag­

nents appear and reoain as sHch. T'nat is to say, in some cases re­

joininc occurs to cive rise either to the ori~~nal co~ficuration or 

te 't:!.,~ 10:,!"-;,.:;, ~ion of ~:œ~1a!lce aberrations, but in other cases, no such 

rejoinine- occura. '7'1e evidence fron th'3 experi:'1ents on intensi t.:,r of 

radiation and fracturJ.tion by 3az (1939,1940,194n and ?aoorei (1940) 

indicate that a ~r~ak re~ins avai1able for rejoinine for only a 

1iMited period of tine (up to one hour). ~10~ (1954) found that 

\then breaks 2.re induced du-""inc the presynthesis period of DF!!., i.e., 

a "chro:::losone break", a~o'lt 40 to 80 pel' cent showed no evidence of 

sister-chronatiè. union, whereas when breaks are induced d1U'inC t!1e 

posts;rnthesis perio2., i.e., a "chro::Jatid break", oore than 90 per cent. 

s!1oved siste:-chro::-.a tic!. müon. :';-hen br~aJr..2.ce end5 are capa. '!:lIe of re­

joininG, the rroœ;,ili t:l of rcsti tution of the oriGinal. c:~rono!3o:T;e 

ap:pca.rs to depend, not on a dii'ference in the t.!,r;at:.a.;e I)roc(Js3, :rut 

oair4J on vncther or not otner breaks arc availa~lc with which 
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in terchanGe ca.Y! occur (V3a, 1946). In sonc cases, c:hance circltr:lS-

tances idll l'revent rejoi~ir::- (LC2.,1947"J). 

radiation produced indirect effects 0:1 t::0 p:::-oè.uction of chror.losomal 

aberrations or cene ~~tations, ~nd t}~t ioni~inc radiations acted in 

the sa me manner as SO!:le orcanic lJerozid.e::z v[hose action can 1::>e I:Jodiri.ed. 

KaufIna-'1r. (1954) ste ted tha t the procc33 of inducerl chro::Joso::Jal brea.kace 

ca.'1l1ot at present be deacribed cither as a direct or an indirect 

affect, for, whether the cher!lical reactions ori[;,"inate for t!le most 

part fro!!! molec:ùes in nucleic acids and proteins, or are r.tediated 

t~œou~h aS30ciated aqueous solutions, is not clear. ~owever, the 

protection aff'orded by dissolved substances, suc:: as c.:rsteamine, ver-

sene, SOdil~ cyo.nide, cystein, etc. (3acq,1951; 3acq ~ 0.1.,1951; 

!5.kaelson,1954; :liley, 1957; ?..ay-Chaudhuri, 1961; 3rah!!la ~ al., 1961, 

1962) strongly support the contention that the effects of radia~ion 

are indirect. 

~ensitivitJ to radiation, in the present studJ, vo.ried be-

to(leen diffe:::-ent tnes of cells and division staGes. 3avahacer (1960) 

indicated t~t octapl141se-o.naphaae l mcht be trle !!lost sensitive of 

t!te division sta.;es. 30zeoan and :::et:; (1949) sUL;;.;eated t:::.at t:'lC hlchcst 

frequenc:r of aberrations occU!':::-ed follolTinC ir:::-adi:. tion a t ar~ll?t.~se 

hovever, believed tb.a.t !:!ciotic netaph.a.se va3 the i.:loat ser:sitive stace 

for the 'production of aberration!). T!~3::.a:;'":>e ;artl;r ":>ecaus~ of t::'e 

~"'c~""'e 1."", "~e n""'l.-- of ft"'-"""s ~"e'" +~'e cr,.,.." ... 0 '"0""'''' sT'll;+a (~<>.,.. 10~O\ ...... _lIIIiiiOwllJ ... - ,,- ....... ~- .., \1- ....... - P--.- ., .. - ...... J ...... ;j........ r - 101 ".J~, /~, J J 
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or to the strand breakinc Dore readily at this stace (:,~~rsl:ak, 1937), 

or i t ü,ay oe because reè_uceè. l'esti tutiO::1 oceurs a t !:'!etal)!1:tse (3a::, 

1 ~40). 

As the testicular follicle3 of t~le crickets stuclied. in t:~e 

present irork included different divisional staces at t!!e sane deve­

lopnental tine, it is difficult to indicate the eY~ct stages involved 

a t the ti!:Je radiation lTas applieè.. Pro:: tlle fact t;l.? t the hiC::est 

daoace occurred at a.'rlapnase l and telophase l, houever, one mieht 

as~e that cells approac!une metaphase, or already in metaphase, are 

the :nost sen si tive. It has also been reported that cells id th short 

oeiotic cycles and intermitotic periods are more sensitive to radia­

tion ~d suffer crea ter d.a.r..a.ee than those wi th loncer cycles (l:oller, 

1947; YJloirl ton and :iid.l'J.er, 1950) • 

In the present study, 900e Diant sperL'latids l-rere formed after 

irradiation. ~nese sonetines incorporated more th.a..l'J. two sets of chro~o­

sooes. The for~tion of b~a.l'J.t speroatids nay have been as a result 

of normal meiotic division beine inhi bi ted on accour.t of irradi~ tion 

by .:;a.m:na rays. Similar resul ts arte:::- :r.-rays trea toe:1t Dave been re­

portcd for sooe Acrididae (}fhite,1932; !ü.ino,1939; ~reichton and 

3Va.l'J.s,1941; Carlaon,1941b). Y~ufmrurul (1954), hmiever, succested t~t 

ciant sper::!atids oicht originate in prophase cells tha t revert in 

phase at the time of treatoent and those c~ooo~or-es ~~de:::-eo a seconQ 

doublinC as thej procreas tovard meta~~se for a seco~d ti~e. 

rc;{s could induce onl,r a single c!lro:::atid break at any oven locuo 
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on a C!lro!!losome. Later, nal"-.7 studies inclicated that an X-ray 'hit' 

could bre~ one or ~ro c!lromatids and t~~t secondary effects of a 

single 'hit' could cause breal:s sirnultaneously at the same locus 

(patterson,1933; Hoore,1934; Carlson,1937; Y..aufmann,1937; Sax,1938). 

In the present stud.:r, laree numbers of both chrormtid a..'l1d chromosome 

breaks occurred after ~amma ray treatment, clearly showing that a 

sinGle 'bit' can, indeed, break more than one c~~omatid at the same 

locus, and/or, that secondary effects of a sinele 'hit' may produce 

further breaks on the chromosomes. Single hi taapart, however, mul-

tiple hits of camma rays were presumably the main cause producing 

the numerous breaks and fraé,"!!lents occurring in individual cells. 

In Fig. 199 the n~~ber of breaks are plotted against radia-

tion dose a..'l1d show a..'l1 exponential increase in breaY~ge with increased 

dosage. This is in aereement with Zimmer (1941) who indicated that 

the curves for multiple-hit events would be of the powered exponential 

type, rather than of the straicht-line type for sinffle-hit events 

(Saz,1938,1940). Zimmer (~. ~.) added that, under certain condi-

tions, such an exponential curve could have an almost linear middle 

rtmge. 

In the crickets here studied, t~ere was sooe variation in 

radiosensi tivi ty betrreen different species. Differences in the res-

ponse of chromosones of different species to ionizinc radiation woald 

depend upon a laree nuober of facto=s, one of the moat i~portant bei~c 

the total voll.l.J:le of the chrooosomes in the nuclei (t3ster~; ... ren ~ al., 

1958; S~~d ~ 21.,1961; 3Vans,1961,1962). The increased effects 
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which accompanied the increase in cbrooosone volune was interpreted 

by these authors as beine due to ~~ increased tareet size. This, 

therefore, mieht be the reason why, in the cricket species studied, 

those v-aving hieher chromosome numbers also showed greater damaGe 

(more fragments) in a t,-iven cell than did species ri th lower C!lrO!:lo-

sorne nunoers. The latter crou!, (e.g., Acheta domesticus), hO'l-TCVer, 

showed bicher frequency of total breakage than did the former ~~oup. 

This !!lieht be explained on the pre!!lise t!lat "the lonc chromosoncs have 

been found I!luch nore sensitive to radia tion t""""~ the short chromosomes" 

(Sharma and Chatterji,1962). 

The present etudies have sho1m the. t ul trD..violet radia ti on 

produces some structural chances in the cl!.ro:nosones, but the fre-

quency of aberration induceù b.:r a [,"Ïven dose of ul traviolot rD..ys was 

found to be ouch lower tn.an tnat resultine from sam...f1a radiation .:;iven 

in a similar dose. 
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v. CœTCLUSI01IS 

Cytology has erea tly influenced the systeoa tics of ma.ny 

groups by offering a new approach to research on phylogenetic rela-

tionships, for i t supplies addi tional evidence and nerr concepts leadine 

to a better understanding of a particular group. The study of syste-

natics, therefore, may be ereatly improved by the deveIoprnent of 

cytolob~cal investigations. 

In Gryllidae, the chromosome nurnber is not constant (i.e. 

there is no 'model' number) thrOU&~out the whole family, nor even 

within ar~ one subfamiIy. This implies, either that the family ia 

polYl>h;rletic, for which there is li ttle or no ot:1er evidence, or that 

considerable evolutionary chanee has occurred within the groups and 

that the fr>""ljly in thuG one of great antiquity, uhlcn the fossil re-

cord indeed ShOrTS (Zeu.Tler,1939; 3:b.arov,1968). Evidence so far avail-

able sueeests that,in the course of evolution, various eroups of 

crickets have been involved in both UIïr12,rd a.>'ld dO"'rmward c}1..anees in 

ehro~osome nunber from a po~sible a.>'lcestral eo~plenent in the vicinity 

of 2nêt:: 21 • 

Thus, the chro!:loso!:le nunber alonp. is a -rahm"':>le c!~aracter 

which oa;! oe '.lsed in the classifie::!.tion of tl:e 0r:r11id.ae. ?~ryot.i?I?::; 

r<:f;l'ect sinee diffcrent cc::er;?, 

ar.d :·!el~O[tTlllus, na.: :laYe t~e Sa::le c'"ro!:1Qso:::e !;'..t::!ber b<;t !J:~o;.r ~a!'ked 

diffe::-ences in lieP'.:.~ne s.e'. ot:~er c;.;;'telg.:.zieM c:'a!"acto!'s. }:ar.;rot.;rpic 

dif'ferences are also usef'ul a t the s:pecies level a.nd se:-ve p.3!,ccially 
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weIl tu distinBUish betrreen Gryllus species. 

Chromosome number, the structure of the X chromosome and 

other cytoloejcal characters, the form of the testes, combined with 

morpholoeY and acoustic behaviour, set the subfamily Gryllinae apart 

from the 1femobiinae. Further, studies of many species may perhaps 

reveal not on1:r comparable differences bet1·reen other subfamilies and 

families of Gr:rlloidea but also the desirability of further generic 

differentiation in certain groups. 

Hïth respect to the cytogenetic effects of radiation, the 

present work indicates, in a limited way, for crickets, that radio­

sensitivity increases with increase in cl1romosome number and chromo­

some length, and that there are variations among different species. 

However, the configurations resulting from the damage caused indicate 

no great difference as a result of different dosages or in different 

species. 

Chrornosomal abnorrnalities are also produced by chemical 

treatments. Some chenicals, such as colchicine, caftaine, phenol, 

have been used as a pretreatment substance for atudyine the chromosome 

morphology when applied at low concentrations. The present stu~ 

shows, however, that these ohemicals, especially phenol and oaftaine, 

are not safe to employas pretreatment agents, ~/en when applied at 

lov oonoentrations. 

~ne oytogenetio ahnormalitiea oaused bj stronc, artifioally 

induoed, environmental factors, suoh as unnatural amounts of ionizing 

radiations or oonoentrations of torio ohenioals, Da:! be ver.! e:reat. 
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Pollution of the environnent by such aeencies may therefore have very 

serious lone-term consequences. However, it s~ou1d be borne in mind 

that, even in the absence of such agencies, similar abnormalities 

occur to a lesser de0Tee (or even to a comparable deeree, as was 

possibly the case with the Gryllus campestris studied). Further inves­

tigations on the relative effects of chemicals and radiation on chromo­

somes are clearly necessary in order to solve the problems concerning 

the degree of cytological damage directly attri butable to various 

forms of environmental contamination. 
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VI. Sm!I·~Y 

1. ~nirteen species of the subfamily Gryllinae and seven species of 

the subfamily J:Temobiinae }1..ave been studied cytologically. The 

spermatosonial numbers range froD eleven to thirty-one in the 

former group and from seven to twenty-one in the latter. 

2. The chromosomes of Gryllinae assume various shapes and sizes; they 

nay be spheres, short to lone rods, J-snaped or V-shaped. The 

distribution of these various types of chromosomes amons different 

species differs. The subfamily shows uniforoity of the foro of 

the sex chromosomes and of the testes. 

3. The male diploid c~~omosome n~~ber is 29 in aIl species of Gr;llus 

ex?~jned, e~cept for sooe individu~ls of G. veletis possessin~ 

supernumerary chronosomes. Analysi s of Jr..a.ryotypes showed that 

acrocentric chromosomes were very common in Q. veletis, G. bima-

cula tus ~~d 0. ca.mpestris but rather rare in Q. asoimilis, G. 

berr.ntdensis, G. pen..l'lsylvanicus and G. rubens. The variation in 

karyotype and the complete incompatibility batween certain species 

of G~Jllus indicated that some ioportant structural chances have 

occurred during evolution, even althou~~ these C~l'lees have so 

far led to no change in the basic chromosome nUlllber. 

'l'wo popula.tions of "G. bima.culatus", one from the l!.Zores and .... "ne 

ot:ler from Sinea,pore, probabl:r balone to different species. 

Chromosomal aberrations occurred in the ?1 é~neration of the 3in-

sapore population; they produced no offsprine. 
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5. Two male individuals of G. campestris, froID Hungary, l'rere studied 

and they showed many chromosornal abnormalities ;rhich ;rere similar 

to those induced by chemicals and radiation. The reason for the 

abnorrnalities is unknown, but a possible cause is discussed. 

6. The uniformi ty of karyotype throughout those members of the suh­

family Hemobiinae studied is very rernarkable. lill of the auto­

somes "Tere acrocentrics in Ueonemobius, except in 1'!. sp. near 

mormonius, and in Allonemobius, while the autosomes were aIl meta­

centrics in Eunemobius. ITOl-feVer, the structure and size of the 

X chromosome and the testes varied.from genus to genus. 

7. One or tiro supernumerary chromosomes occurred in sorne individuals 

of Gryllus veletis, the chromosome number of t~~s species thus 

varied between 2nt=29 and 31; no supernumerary C!lrornosome ;ras 

observed in the sympatric species G. pennsllvanicus. The presence 

or absence of supernumerar,y chromosomes had no noticeable effect 

on the outward appearance of individuals of G. veletis. 

8. Chromosomal polymorphi sm was qui te common in both Gryllinae (ez­

cept in the eenus Gryllus), and in Uemobiinae; it usuall:r occurred 

in the form of a single heteromorphic pair. Translocation bivalents, 

instead of the heteromorphic bivalents occUXTing in other genera, 

vere observed in Allonemobius. 

9. Chromosomal bridges occasionally appeared in G. veleti s, 52. pennsyl­

vanicus, Q. rubans, Gryllodes sigillat"us, "!Teonemobius palustris, 

lT. sp. near mormonius, Allonemobius griseus and A.. fasciatus. 

They vere mainly sticky bridees and vould separa te again a. t la te 



\. telophase under the influence of the spindle fibres. 

10. An analysis of chiasma frequency wi thin diplotene cells iras made. 

There was a positive correlation between chromosome lencth and 

chiasma frequancy, but this relationship was not strictly linear 

throuehout the chromosome complement, either within or between 

species. 

11. It is suegested that the evolution of the chromosome complement 

in the Gryllidae has probably progressed by both incree.se and 

decrease in number (possi bly from an ancestral munber :i.n the vi­

cinity of 2n~=21), centric fusion playing a more important part 

than centric fission. 
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12. Various chemicals, caffeine, colcemid, colchicine, cupferron, 

ethyl acetate, clacial acetic acid end phenol, were used to induce 

chromosomal abnormality in sorne apeciea. 

13. Two methods of adninistration, injection and feedinG, were used. 

In the injection-administered serie3, 0.02-0.05 ml of che=.ic~ls 

were introduced via the abdo~inal pleura ~~d the insects were 

sacrificed at V~OU3 times after injection. In the feedinc­

administered series, the aq'.leo'.lS solutions of checicals ;rere 

either mized with the standard food or ~~pplied in dri~~ne ~ater. 

14. Chromosooal abnoroalitics, suc~ as breaka&~, stic7~ne3a, bridees, 

la&eine, c-nitosis, polyploidy, non-diajunction and ~equal secre­

sation vere observed as a result of chemical treatment. Cf aIl 

the treatments, phenol ~rod.uced the hiehest de&ree of abnoroali t:r. 



15. In addition to the production of chronosonal abnornalities, soDe 

cheoicals, such as colchicine ~~d cupferron, were fou.~d to have 

a lethal effect; cupferron ~~d caffeine also had an inhibitory 

effect on the maturation of the last-instar nymphs. 

16. HYllPhs of various species were exposed to gamma. radiation usine 
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a cobalt 'bomb'. The dosages applied were kept constant at 54.35 

r/sec but the exposure time varied in different treatments. The 

irradiated insecte l'lere studiecl at different intervals. Gamma 

radiation was found to have an effect on oViposition, reproduction 

and survival of the tested insects. 

11. Comparative radiosensitivity in different species was scored par­

ticularly from the frequency of cnromosooe fragmentations, although 

other aberrations such as stickiness, bridges, lagging, m~tipolar, 

unequal seeregation, gaps, etc. were also observed. }Ti th reE,-ard 

to chrOI!losomal breakage, the species having higher cUromosome 

numbers were ouch more sensitive than those with lower numbers; 

cells approachinc metaphase appeared to he in the ~ost sensitive 

stace· 

18. T'ne occurrence of numerous breaks and fragments in a single cell 

might be a result of multiple 'hits' b:r ga.mma. rays. 

19. The frequency of aberration induced by ultraviolet radiation was 

f'ound to be mucn lover than that produced Dy ~ ra.:/s, S'iven 

in a similar dose. 

20. The sensitivity to different che::ti.cals and radiations varied be­

tveen different species. 

--_. _."-""~~"'-"""'-'''''''''''''-~'--'' .~--, ... _---.'--~"-' .. ~ 
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21. Changes in chronosome number would appear to have occurred within 

the Gryllidae duxing, the course of evolution. Chromosome number, 

as weIl as other cytologieal features, thus provide valuable 

taxonomie eharacters in this fa~~ly. 

22. Further investiGGtions on the relative effects of chemicals and 

radiation on chromosomes are necessary in order to solve problem 

concerning the decree of cytological damage attributable to 

various forms of enviroIlIlental contamination. 
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Tables and Figures 



Table l Frequency of four different types of chrono nones in 
Gryllidae. 

Species A ST ~r~ 
.Jo';' r: Total chromosome pairs 

Gryllus veletis 10 ::; 1 15 + X .; 

G. pennsylvanicus 3 7 2 3 14 + X 

G. assimilis 4 7 1 3 14 +X 

G. binaculatus 9 5 1 14 +X 

G. bermudensis 4 7 3 1 14 +x 

G. rubens 7 2 4 2 14 +x 

G. campestris 9 3 1 2 14 +X 

Acheta domesticue 4- 1 2 4 10 ;. X 

Grlll ode s 
sigillatus 5 5 1 10 + X 

Scal2sil2edus 
marginatus 3 2 2 4 10 + X 

Helano~'Tlllus 
desertua 3 1 5 2 10 +x 

Tartarogryllus 
burdi ealensi s 3 3 1 3 9 1- X 

ITeonemobius 
palustris 9 1 9 + x: 

:rr. sp. near 
mort!lonius 7 1 2 a + X 0/ 

AllonemobiuB 
f'asciatus 7 1 7 + X 

A. allardi 7 1 7 + x: 

!. ji. Dri.seu~ 7 1 7 + 7 . 
!)memobius 

c. carolinus 1 3 3 +:;: 

::ote: l. ... ac roce:: tri c ~rn ratio: 7.01-co 
3T = su':>tel oce!"', tric . ar.:! !"'a ti 0 = 1 .71-7. C'': . 
S1r~ = !r:.,leJ:.!c --:~C en t~:. c : ar;:l ~tio = 1.31-1.70 
r~ = ceta.ce!ltric . ar::l ratio = 1.00-1.30 . 

... ~ -. , ... -.. -....... , ... "' ...... ~, ..... " .. ~., .... ,,_._ ........ _-_.~ ... - ..... _~ .. ~. "-'" ,,-_. ,- .. 



Table II Karyotype of Gryllus veletis (2nd= 31). 

chromosome length arm chromosoIJe xl A. cen tromeric 
number in ).l ratio de si gnation index 

1 2·75 A 5·50 0 

2 3.01 A 5-30 0 

3 3.14 A 5.08 0 

4 3.26 A 4.89 0 

5 3.35 2.44 ST 4.76 28.90 

6 3.43 A 4.65 0 

7 3.56 A 4.48 0 

8 3.65 2.00 ST 4.37 33.15 

9 3.72 A 4.29 0 

10 3.84 A 4.15 0 

11 3.95 A 4.04 0 

12 4.14 2.06 ST 3.85 32.60 

13 4.36 A 3.66 0 

14 4.60 2.01 ST 3.41 33.04 

15 4.93 2.02 ST 3.23 33.06 

X 15.97 1.15 J'l ,j6.39 

TeL 121.62 

( 



Table III Y.ary 0 type of Gryllus pennsylvanicus (2nô:29). 

chromosome length arm chromosome X/A centromeric 
number in II ratio designation index 

1 2.86 A 7.02 0 

2 3.24 A 6.20 0 

3 3·54 1.26 I·~ 5.67 44.06 

4 j.87 1.47 S'TT. .:,'1 5·19 40.31 

5 4.11 1.76 ST 4.89 36.00 

6 4.41 1.95 ST 4·55 33.78 

7 4.54 2.10 ST 4.42 32.15 

8 4.85 2·53 ST 4.14 28.24 

9 5·05 2.50 ST 3.98 24.95 

10 5·09 A 3.94 0 

11 5·73 1.35 51·1 3·50 42.58 

12 6.12 2.31 ST 3.28 30.06 

13 6.46 2.71 ST 3.11 27.24 

14 7.64 1.23 H 2.63 !T/t.76 

;c 20.10 1.13 ;·1 .+6.76 

TeL 14 7 .,~5 



Table IV Karyotype of Gryllus assimilis (2nt:29)(p~tigua population). 

chromosome length arm chromosome X/A centromeric 

number in 1l ratio de si t,"l1a ti on index 

1 2·57 A 7.76 0 

2 3.07 1.98 ST 6.50 33.55 

3 3.49 2.12 ST 5·71 32.0j 

4 3·57 A 5·59 0 

5 4.04 A 4.94 0 

6 4.19 2.36 ST 4.76 29.59 

7 4·5° 2.16 ST 4.43 31·55 

8 4.71 2.18 ST 4.23 31.42 

9 5.05 2.34 ST 3.95 29·9° 

10 5.28 1.99 ST 3.78 33.33 

11 5.56 A 3.58 0 

12 6.05 1.69 SM 3.29 37.02 

13 6.63 1.22 M 3.01 li4.9 i 

14 8.53 1.21 H 2.33 ;5·13 

X 19.96 1.12 ~j: 47.09 

WL 156.01 

~ 
t 

! 

1 
! 
1 



Table V Karyotype of Grlllus bimaculatus (2n6=29)(Azores population). 

chromosome leneth arm chromosome X/A centromeric 
number in }l ratio de signa ti on index 

1 2.48 A -~. 79 0 

2 2.74 A Ir.33 0 

3 2.89 A 4.11 0 

4 3.02 A 3.93 0 

5 3.07 1.89 ST 3.86 34.52 

6 3.19 A 3.72 0 

7 3.27 A 3.63 0 

8 3.36 A 3·53 0 

9 3.41 1.91 ST 3.48 34.31 

10 3.49 A 3.40 0 

11 3.58 2.31 ST 3.31 30.16 

12 3.13 1.19 ST 3.18 35.65 

13 3.94 A 3.01 0 

14 4.18 2 '-, .).,. 3T 2.84 23.22 

X 11.88 1.1 a !': ,~5·79 

TeL 104.97 

{ 



Table VI Karyotype of Gryllus bermudensis (2nt=29). 

chromosome length arm chromosome 
X/A 

centromeric 

number in p. ratio designation index 

1 2.65 A 7.55 0 

2 2.91 1.62 SI,! 6.14 38.04 

3 3.31 1.93 ST 5.94 34.12 

4 3.53 A 5.61 0 

5 3.69 1.85 ST 5.42 34.68 

6 4.24 2.02 ST 4.72 33.01 

1 4.30 2.09 ST 4.65 32.32 

8 4.64 1.90 ST 4.31 34.48 

9 4.18 2.09 ST 4.18 32.21 

10 4.97 A 4.02 0 

11 5.13 1.82 ST 3.90 35.28 

12 5.30 1.62 .... ·r 
'>1'1 3.11 38.11 

13 5.83 A 3.43 0 

14 6.45 1.51 sa 3.10 38.15 

x 20.02 1.16 M 46.20 

TeL 145.44 



Table VII Karyotype of Gryllus rubens (2nt=29). 

chromosome length arm chromosome X/A centroneric 
number in 11 ratio designation index 

1 2.41 A 7.03 0 

2 2.69 A 6.)0 0 

3 2.80 1.49 Sltf 6.05 40.00 

4 2.97 1.67 SM 5·70 37.37 

5 3.12 A 5.43 0 

6 3.28 A 5.16 0 

7 3.36 A 5·04 0 

8 3.48 1.99 ST 4.87 33.33 

9 3.76 A 4·50 0 

10 3.89 1.66 S:fii 4.35 37.53 

11 4.13 A 4.10 0 

12 4.53 2.06 ST 3.74 32.67 

13 5.02 1.43 SM 3.37 41.03 

14 6.39 1.12 H 2.65 47.10 

X 16.95 1.19 1.f 45.48 

TeL 120.17 



Table VIII Karyotype of Gryllus campestris (2nt=29). 

chromosome length arn chromosome X/A centror.leric 
number in Jl ratio designation index 

1 2.41 A 6.35 0 

2 2.63 .A 5.82 0 

3 2.84 A 5.39 0 

4 3.08 A 4.97 0 

5 3.24 A 4.72 0 

6 3.51 A 4.36 0 

7 3.62 A 4.23 0 

8 3.69 2.06 ST 4.15 32.52 

9 3.88 A 3.94 0 

10 3.97 2.00 ST 3.85 33.24 

11 4.17 1.90 ST 3.67 34·53 

12 4.43 A 3.45 0 

13 4.75 1.68 SM 3.22 37.26 

14 5.80 1.19 1:! 2.64 45·51 

X 15.32 1.10 H 47·58 

'roL 119·33 



; ., 

Table IX Frequenoy of o~~o~osomal abnornalities of Gryllus 

oa:œestri3. 

~ t;rpes 

o-rni tosis 

pol;r.ploid.:! 

ohromosomal breaks 

stioy...iness 

olumping 

non-di sjuno ti on 

lagging 

bridges 

une quaI segrecation 

PI Prophase l 

HI J.!etaphase l 

il Anaphase l 

TI · Telophase l · 
lITI · lletaphase II · 



Table X Karyotype of Acheta domesticus (2nt=21) 

chrO!:10S0n8 lencth arm chromoscne 
X/A centroneric 

nUf.1oer in J.1 ratio de si [7!ati on index 

1 3.00 A 6.32 0 

2 3.29 .A. 5.76 0 

3 3·50 2.15 ST 5.42 31.71 

4 3.65 .6.. 5·19 0 

5 4.19 A 4.52 0 

6 4.90 1.45 S"·~ 3.87 40.81 

7 5.17 1.13 !;~ 3.60 46.30 

8 5.59 1.31 S!,r 3.39 43.11 

9 6.11 1.26 H 3.10 4,~ .11 J.'';' 

10 6.45 1.17 !! 2.94 ·15.B9 

X 18.97 1.16 !.~ It'~ .23 

TeL 110.84 



Table XI l~ryotype of Gryllodes si6~11atus (2nt:21). 

chror:losor.1e lenet~ arn C :lrO!!lO sone ~/. centromeric 
nunber in Jl r:::.tio de 3i .:.n.2.. ti on _"- .il .. index 

1 3.08 A 5·71 0 

2 3.54 . 4.96 0 " 

3 3.57 1.79 ST 4.92 40.05 

4 3.64 2.08 ST 4.83 32.41 

5 3.96 A 4.4t1 0 

6 4.07 2.86 ST 4.32 25·79 

7 4.37 2.99 3T 4.02 24.94 

8 4.64 A 3.79 0 

9 5.03 4.03 ST 3.49 19.88 

10 5.67 A 3.10 0 

X 17.59 1.15 1,: ,te.33 

TeL 100.56 



Table XII Karyotype ofScapsipedu~.marginatus (2nt=21). 

chroDosome lenc:th arr:! C!lrornosone X/A centromeric 
number in ).l ratio designation index 

1 3.90 il. 4.58 0 

2 4.38 3.03 ST 4.08 24.65 

3 4.75 A 3.76 0 

4 5·20 .A. 3.44 0 

5 5·51 1.71 ST 3.24 36.84 

6 5·72 1.66 SI,::: 3.12 37.58 

7 6.36 1.30 I,! 2.81 43.39 

8 6.82 1.31 SH 2.62 43.25 

9 7.33 1.26 .. 2.44 44.20 .. , 

10 8.14 1.20 Ir 2.19 45 .L~5 

x 17.89 1.12 .. ,q.12 

TeL 134.92 

( 



( 

Table XIII Karyotype of r.!elanogryllus desertus (2nt=21). 

chror.losome lensth arm chromosome X/A 
centromeric 

number in J.l ratio desienation index 

1 fÎ., 1,t A ,1.10 0 

2 4.69 A 3.62 0 

3 5·11 1.81 ST 3.32 35.42 

4 5.70 1.49 SM 2.98 40.00 

5 6.38 1.62 31<1 2.66 38.08 

6 6·58 A 2.58 0 

7 7.03 1.37 ..... 
::'>1:.l. 2.41 42.10 

8 7.30 1.34 sn 2.32 42.60 

9 8.01 1.46 31·1 2.12 40.57 

10 8.99 1.18 i·! 1.89 45·71 

x: 17.00 1.15 .. 46.35 'o. 

TeL 145.10 



Table XIV Karyotype of Tartarogryllus burdigalensis (2nt~19). 

chromosome lencth arn chromosome X/A centromeric 
nurnber in p- ratio desienation index 

1 3.48 il. 5·40 0 

2 3.96 2.75 ST 4.75 26.51 

3 4.24 A 4.43 0 

4 4.56 3.07 ST 4.12 24.56 

5 5·21 2.58 ST 3.61 27.83 

6 5.72 A 3.28 0 

7 7.02 1.31 SH 2.67 43.16 

8 7.85 1.29 H 2.39 43.56 

9 10. 9/~ 1.09 1: 1. 71 47.80 

X 18.81 1.12 l~ ., 47.10 

TCL 124.92 

( 



Table XV Y.aryotype of' Heonemobius palustris (2nt=19). 

chromosome length arn chromosome X/A centromeric 
number in II ratio designation index 

1 3.95 .4.. 4.01 0 

2 4·12 A 3.85 0 

3 4.40 A 3.60 0 

4 4.64 A 3.42 0 

5 4.93 li 3.21 0 

6 5·20 A 3.05 0 

7 5·42 !. 2.92 0 

8 5·92 li 2.68 0 

9 6.96 A 2.28 0 

X 15.87 1.10 !,r 47.58 

TeL 97·92 



Table XI!I Karyotype of Ueonemobius 5p. near mormonius (2nô=19). 

chronoGone leneth arn chror.1osome X/A centromeric 

nUl:1oer in p. ratio de sicnati on index 

1 2.77 A 5.90 0 

2 3.46 A 4.72 0 

3 3.96 .i. 4.13 0 

4 4.12 A 3.97 0 

5 4.45 A 3.67 0 

6 4.96 A 3.29 0 

7 5.18 A 3.15 0 

8 5.46 4.99 ST 2·99 16.66 

9 12.44 1.09 II 1. 31 47.74 

X 16.36 1.13 H 4G.94 

TeL 120.76 



Table XVII Karyotype of Allone~obius fasciatus (2nô=15). 

chromosome length arm chromosome X/A centrbmeric 
number in p. ratio de ai ena ti on index 

1 3.14 .A. 4.52 0 

2 3.16 A 4.50 0 

3 4.32 .!\. 3.29 0 

" 4.52 A 3.14 0 or 

5 4.93 A 2.88 0 

6 6.00 A 2.37 0 

7 6.4·4 .!~ 2.20 0 

X 14.22 1.07 .. 48.28 

TeL 73.42 



Table Z:rlIII !Caryotype of .Uloncmobius allardi (2~t=15). 

c::'rom030me lencth arI:l chro:nosome X/A centromeric 
nU!:lber in Jl ratio de si Lî12. ti on index 

1 3.16 J,. 4.74 0 

2 3·57 A 4.20 0 

3 3.76 A 3.98 0 

4 4.12 A 3.64 0 

5 4.57 A 3.28 0 

6 6.04 .A. 2.413 0 

7 6.42 }" 2.33 0 

X 15.00 1.1G l ~ '~C .15 

TeL 74.40 



Table XIX Karyot.YI>e of Allone::lObius .;ri seus (2nct::.15). 

chromosome lencth arm clu'omosome X/A centromeric 
number in J.l. ratio desil,"nation index 

1 3.55 A 4.39 0 

2 4.05 A 3.85 0 

3 [Ir. 74 A 3.29 0 

4 5.10 .A 3.05 0 

5 5.05 A 2.76 0 

6 7.91 7.05 A 1.97 12.38 

7 8.01 7.57 A 1 • 9/.~ 11.61 

X 15.GO 1.09 .- .~ 7.94 

TeL 93.80 



Table XX Karyotype of EtL~emobius carolinus carolinus (2nt=7). 

chror.losorne len.:;ti: a.rn c~lrOmOSOI!le 
X/A centromeric 

nunber in 11 ratio desi[,"!l.a tion index 

1 10.67 1.15 T< .',. 1.26 47.70 

2 12.27 1.24 Ti 1.10 44.58 

3 13.84- 1.10 J.: 0.97 47.54 

.. 13.52 1.41 3;7 41.42 . 
-" 

TC!, 89.21 

( 

1 
1 

1 

1 

1 
f 
J 
l 

1 
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Table XXI The percentage chiasma frequency of Gry11idae (scored at dip1otene). 

Species 
7Xta 6Xta 5Xta 4Xta 

~ chiasma frequency 

3Xta 2Xta 1Xta Xta/ce11 Xta/biva1ent 

Gry11us ve1etis 5.52 30.62 63.q6 21.37 1.42 

Q. J)enn8yl,,-~~icus 10.25 46.50 43.25 27.20 1.70 

G. assimilis 
TAntigua population) 10.97 36.~7 52.16 24.46 1.63 

G. assimi1is 
TJamaica population) 10.85 38.37 50.7B 24.78 1.65 

G. bimacu1atus 
TAzores population) 6.94 37.10 55044 22.59 1.50 

G. bermudensis 1.95 Il.19 42.39 44.47 25.60 1.68 

G. rubens - ----- 0.44 6.00 3B.22 55.33 23.23 1.55 

Acheta domesticus 1.06 5.56 20.44 45.50 27.44 20.95 2.09 

Gryllodes 
slg111at~~ 0.82 10.05 46.13 43.00 18.63 1.6~ 
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Table XXI - continued. 

Species 
7Xta 

Scapsiïedus 
marg natus 

Tartarogr tllus 
burdiga ensis 

Neonemobius 
palustrls 

N. sp. near 
mormonius 

Allonemobius 
fasclatus 

A. a11ardi 

A. &. griseus 

Eunemobius 
~. caro!inus 2.90 

6Xta 5Xta 4Xta 

1.09 5.39 

0.31 1.74 5.37 

2.00 6.00 

0.25 

O.la 

3.3a 

10.94 25.14 29.02 

~ chiasma frequency 

3Xta 2Xta lXta Xta/cell Xta/bivalent 

21.37 45.79 26.36 23.25 2.10 

15.95 46.9a 29.75 19.40 2.15 

0.33 42.86 56.g1 14.35 1.43 

4.00 32.00 56.00 16.60 1.66 

2.87 41.26 55.62 11.R2 1.47 

2.25 37.76 59.a1 11.42 1.42 

16.30 34.44 45.~R 13.07 1.63 

20.00 12.00 12.17 3.04 



~ 
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Table XXII The percentage frequency of the ring-formed chromosomes of Gryllidae 
(scored at diakinesis). 

number of ring-formed chromosomes 
Species 0 1 2 3 4 5 6 

Gryllu_~ veletis 13.00 34.00 34.50 15.50 2.50 
+2.17 +2.27 ±2.09 ±2.17 +0.25 

Q. pennsylvanicus 27.70 42.00 26.32 2.40 
±0.96 +0.76 +1.05 +0.47 

G. assimi1is 30.30 46.60 21.50 1.50 
TAnt{gua population) ±2.4l ±,2.1l +1.47 +0.50 

G. assimi1is 27.50 47.32 22.50 2.66 
TJama{ca population) ±1.03 +0.97 +0.92 +0.35 

G. bimaculatus 11.75 3R.50 33.f!.7 12.75 1.87 
TAzores population) ±1.09 +2.07 +1.49 +1.27 +0.51 

G. bermudensis 20.33 44.50 26.08 7.41 1.33 0.33 
;tl.94 :!:,3.04 ;t2.43 +1.42 ;ta .39 +0.14 

Q.. rubens 24.50 47.32 22.50 4.00 1.00 
+1.03 +0.97 +0.92 +0.35 +0.19 

G. campestris 20.68 54.31 21.55 3.44 
+1.10 +0.7R +1.02 +0.56 

Acheta domesticus 11.50 35.80 3R.20 12.60 1.30 0.30 
+0.84 +0.66 ;t1.06 ±.o. 68 +0.36 +0.21 
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Table XXII - continued. 

number of ring-formed chromosomes 
Species 0 1 2 3 4 5 6 

Gry110des 27.14 44.29 24.29 4.29 
sl/dllatus ±.1.05 +0.79 +0.91 +0.44 

Scapsipedus 21.75 39.00 27.75 9.16 1.91 0.41 
mar~inatus +1.90 +0.87 +1.16 +1.11 +0.57 +0.14 

Tartarogrt11us 12.37 40.37 32.62 13.25 1.25 
burdlp.aensl~ +0.82 +1.33 +1.37 +0.97 +0.36 

Neonemobius 49.83 43.83 6.08 0.26 
palustr1s ±.4.48 ±.2.78 +1.84 +0.18 

li. sp. near 38.80 33.40 27.78 
mormonius +0.78 +0.42 +0.54 

A11onemobius 4.16 21.00 29.32 26.00 14.66 3.98 
rasclatus ±,0.78 +2.91 :!:2.25 :!:1.83 ±2.43 +1.36 

!. a11ardi 25.40 47.00 24.40 3.20 
+1.77 +0.99 +1.31 +0.49 

A. g. griseus 4.54 38.72 40.90 15.44 0.36 
+0.42 :!:1.21 +1.39 +0.91 +0.18 

Eunemobius 3.08 35.38 61.54 
~. carolinus +0.41 ±,0.97 +0.84 
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Table XXIII The percentage frequency of interstitial chiasmata and 
terminal chiasmata of Gryllidae (scored at metaphase I). 

Species Interstitial chiasmata Terminal chiasmata 

Gryllus veleti s 76.55 0.60 23.45 0.60 

G. pennsylvanicus 86.93 1.55 13.07 1.55 

G. assimilis 
{Antigua population) 89.44 0.37 10.56 0.37 

G. assimilis 
{Jamaica population) 87.20 0.87 12.80 0.87 

G. bimacula tus 
{Azores population) 69.34 1.06 30.66 1.06 

G. bermudensi s 88.25 0.50 11.75 0.50 

G. rubens 90.40 1.00 9.60 1.00 

G. cam;eestris 79·93 0.14 20.07 0.14 

Acheta domesticus 97.24 0.29 2.76 0.29 

Gryllodes sigillatus 92.53 0.94 7.47 0.94 

Scapsipedus 
marginatus 98.96 0.10 1.04 0.10 

Tartarogr-,fllus 
burdigalensi s 97.32 0.39 2.68 0.39 

Ueonemobius 
palustris 96.32 0.52 3.68 0.52 

N. sp. near 
mOrI!lonius 96.08 0.76 3.92 0.76 

Allonemobius 
fasciatus 85.38 1.11 14.62 1 .11 

A. allardi 83.93 1.09 16.07 1.09 

.!. ~. e~~~ 89.32 0.82 10.68 0.82 

3unemobius 
c. carolinus 100.00 0.00 
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Table XXIV * Number of species having the same chromosome number in Grylloidea • 

7 9 11 13 14 15 17 H~ 19 20 21 23 25 27 29 31 Total 

. Gry11inae 5 2 2 3 6 15 1 5 7 13 1 60 

Nemobiinae 3 3 9 6 5 1 27 

Mogop1istinae 1 l 2 4 

Eneopterinae 1 2 2 1 1 4 Il 

Trigonidiinae 2 4 2 8 

Pha1angopsinae 1 2 1 4 

Scleropterinae 1 1 

Oecanthidae 1 4 1 6 

Total 3 1 14 4 1 17 10 1 25 1 17 1 5 7 13 1 121 

* From Makino (1951,1956), Ohmachi (195a), Rande11 and Kevan (1962), Bhattacharjee 

and Manna (1967), Leroy (1967), Lim (1971) and the present work. 
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Table XXV Frequency of abnormalities produced by different methods of administration 
of 0.5% caffeine in Gry11us bermudensis. 

1 

1 mode of duration of % abnorma1ities 
treatment breakage stickiness 1 administration (days) 1 PI MI AI TI Dip1. Diak. 

t , 
l 

1 

In.1ection 1 6.79 4.92 Il.30 10.00 92.59 Il.19 

! 
i Food 3 5.63 5.09 Il.36 7.25 R3.a9 9.56 \ , 

10 15.90 10.10 29.07 19.00 9R.OB 20.27 

PI Prophase l 
MI : Metaphase l 
AI : Anaphase l 
TI : Telophase l 

Dip1. Dip10tene 
Diak. : Diakinesis 

, 



Table XXVI Frequency of abnorma1ities produced by 0.5% caffeine administered by 
injection. ' 

duration of % abnorma1ities 
species treatment breakage stickiness bridges c-mitosis 

(hours) 
PI MI AI TI Dip1. Diak. AI MI 

GrS11us 5 3.05 1.57 4.35 3.13 ~9.29 10.46 
ermudensis 

24 6.74 4.92 11.30 10~OO 92.59 11.19 

Acheta 5 1.70 2.13 
domesticus 

4.76 3.03 7R.4R 3.75 10.~1 

24 2.50 3.15 Il.11 6.77 89.34 15.91 62.f\6 

scaEsi1edus 5 2.54 2.76 g.70 10.46 66.67 8.39 3.60 23.08 
marg natuB 

24 6.74 5.23 11.90 16.~5 93.07 11.11 37.93 23.55 

PI Prophase l 
MI : Metaphase l 
AI : Anaphase l 
TI : Telophase l 

Dip1. Dip10tene 
Diak. Diakinesis 



Table XXVII Frequency of abnormali ties produced by 0 .05~·~ colcenid 
after 20 hours of treatment • 

Species 
PI 

Gryllus assirJilis 

G. pennsylvanicus 3.88 

PI Prophase l 
III 1letaphase l 
AI Anaphase l 
TI Telophase l 

.. ~ abnormali ties 
br0~.ké'.ze 

.tu TI AI 

2. 7 (~ 42.70 

69.01 

Table XXVIII Frequency of chrornosomal abnormalities produced by 
1:1, cupferron in Gryllus burmudensis • 

Duration of 
treatment 

PI 

3 d.a.ya 

10 claye 

PI 
!·I 
AI 
TI 

Dipl. 
Diak. 

Prophase l 
!:!eta.pha.se l 
J...naphase l 

: Telophase l 
Diplotene 
Diakinesis 

T·rr 

. ~ abnorrnali ties 
atJ.CY..J.ness 

AI Dip!. Diak. 

83.27 10.02 

10.21 96.86 



Table x:ax Frequency of chromosomal abnormalities produced by 
O.05:S phenol after 12 hours of treatnent in Gryllus 
bimaculatus. 

~ abnortlalities 

breaks laggil1G bridges poly:ploidy stickiness 

prophase l 4.63 28.20 

r.1etaphase l 5·29 15.36 

anaphase l 9.76 1.22 7.32 16.13 

telophase l 7.41 

prophase II 3.57 37.50 

netaphase II 1.30 0.87 20.11 

anaphc'"l.se II 4.35 7.69 

telophase II 

interkinesis 4.65 

( 



( 

Table XXX FreQ.uency of chror!Josomal abnornalities :produced by 
0.1 :'i phenol after 12 hours of trea tmen t in Gryllus 
bimaculatus. 

~ 'l'.7]!es 
sta ...... es _ ~--~--~~--~--~~~------~~~~----~~~----"8reaks lasc,-ine bridges polyploidy stickiness 

:"- abnormalities 

prophase l 10.3G 55.31 

netaphase l 

a.'l1aphase l 18.94 2.21 20.83 

telo:phase l 

:proph,,1. se II 52.69 

2.02 20.85 

o.."laphase II 7.97 1.97 12.27 

telophn.se II 15.91 

i!1terkinesis 25037 



Ta~Jlc ~c..'C':I Freq,uency of chromosomal abnorIlali ties produced by 
O.05~ phenol after 24 hours of treatnent in Gryllu3 
bir.lD.cula. tus. 

;~ abnor::lUli ties 

bred:s lac.::;inc bridces pol~rploid~/ stickines3 c-::-.i to:::;i z 

?:,opnasc l 8.)3 60.G7 

f.lctaphase l 7.25 0.14 22.39 

a;1aphase l 17.42 5.16 10.97 24.05 

telophase l 14.55 14.55 7.27 

prophase II 16.93 2.12 55.87 

nctt:'.phase II 5.13 28.25 1.92 

t:'.naphase II 9.38 20.00 

telo!Jhase II 6.45 9.68 3.23 

intez-Y-1.nesis 25.23 



Table XXXII Frequency of cnrol!losornal abnormali ties produced by 
0.1% phenol after 24 hours of treatment in Gr;?llus 
bi l'!'l.acul a tus. 

% abnormalities 
-------------------

breaks lagging brid€es polyploidy tickiness c-mi tosis 

p~Ol?ha6e l 62.08 

rnetaphase l 0.12 27.35 

élnaphase l 27.87 14.08 12.68 

telophase l 22.58 

prophase II 26.67 63.64 

metaphase II 3.53 2.35 

anaphase II 12.82 22.58 

telophase II 16.67 8.33 

interkinesis 



Table 7J.7~II Frc~uencJ of chro~osomal abnorrJalities produced by 
0.05~ phenol after 72 hours of tldatnent in Gryllus 
bi!:lacula tus. 

~ r::;rpcs 
A 

<:!::)no:!:'::.~li ties , : 
»taees --... brco.l:s lec[:,"in..; bri(:'ces pol~Tloid;jr sticldnes:J 

prophase l 12.69 49.56 

metaphase l 8.34 0.10 28.83 

anaplmse l 20.00 3.41 3.90 1·S.67 

telophase l 9.,16 21.79 

prophase II 27.03 61.29 

me tapha se II 5.80 0.89 30.21 

anaphase II 11 .11 4.04- 1.01 26.92 

telophase II 7.58 4.55 

interkinesis 38.71 



--

Table XXXIV Frequency of chromosoma1 abnorma1ities produced by 0.1~ phenol after 72. 
hours of treatment in Gryllus bimaculatus. 

-', 

~. Types % abnorma1ities 
", 

Stages breaks 1agging bridges ,non- abnormaI 
polyploidy stickiness dis,iunction segregation 

~ 

prophase l 22.09 1.84 63.30 

Metaphase l 32.58 29.28 5.88 

anaphase l 2R.79 27.27 10.61 39.58 7.58 

telophase l 46.67 20.00 13.33 

prophase II 28.30 0.63 65.13 

Metaphase II 9.56 1.17 39.35 

anaphase II 15.19 g.86 2.53 2.53 30.36 5.06 

te10phase II 14.71 5.88 

interkinesis 54.55 



Table x:.œr Hean fre'luency of chromosomal abnormali ties produced 
by 0.05;~ .md 0.1;i phenol in Gr;rllus binaculatus. 

-0 

-4 freClUenc;j' of abnormal cells at Types of i; 
conc CA

\ differ-ent fixation hours 
abnormalities • ,J) 

12 2i~ 12 

breaks 0.05 5.16 10.15 12.15 

0.10 12.08 16.22 24.13 

laB'eing 
0.05 2.93 13.66 14.50 

0.10 11.01 20.48 23.31 

bridees 0.05 7.32 7.15 2.45 

0.10 6.63 6.15 8.82 

polyploidy 0.05 0.87 1.13 0.49 

0.10 3.96 1.82 1.54 

sticlr.ineos 0.05 20.83 35.10 35.58 

0.10 31.44 40.63 44·50 

non-di sjullction 0.05 

0.10 5.88 

abnormal 0.05 

SeLTQ.j-a. tion 0.10 6.32 

c-oitosis 0.05 1.92 

0.10 2 -=:-; • ..J., 

" 

l 
! 
:j 

1 
~ 
l 
l 
" 1 
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Table XXXVI 

Chem1cals 

Colchicine 

Co1cemid 

Caffeine 

Cupferron 

Ethyl acetate 

Glacial 
acetic acid 

Phenol 

Frequency of chromosoma1 aberrations produced by different chemicals in 
Gry11idae. 

% chromosoma1 aberrations 
non- abnorma~ breaks st1ckiness lagging bridges c-mitosis po1yp1oidy disjunction segregation 

~.16 ~3.80 3.15 

6.14 52.99 4.64 1.02 

12.92 ~4.90 28.80 23.31 

13.64 90.06 8.49 

7.69 93.16 

6.16 94.59 

13.61 34.68 14.31 6.42 2.13 1.63 2.94 3.16 



Ta. bl e Ar..AVII Dosace-::1ortali ty relationship produced by ca.r:1J!la. rays. 

~ survj.val 
Species Dosa~e 10:D 15:D 20D 25:0 30D 35D 

Gryllus assimilis 1467r 100 100 67 67 30 0 

1630r 100 100 100 50 0 

1848r 100 100 50 25 0 

2174r 100 50 25 0 

2283r 100 50 25 0 

2446r 100 50 25 0 

G. pennsylvanicus 1630r 100 50 0 

2174r 100 50 0 

G. bimaculatus 2174r 34 34 0 

Acheta. domesticua 1467r 100 100 100 67 30 0 

1630r 100 100 100 67 0 

2174r 100 100 100 50 0 

2446r 100 100 50 0 

ScaJ>si~dus 
martË;na tus 1630r 100 100 100 67 0 

2174r 100 100 67 50 0 

.A.llonemobius 
e.11a.rdi 1087r 100 100 100 100 50 0 

D da..:rs 

1 Co) 



( 

~able XC0!III ~osaee-duration-fre~uency ~elations!~p of the 
fra[;!!lentation produced by GaIlL':!a rays in G~yllus 
assinili s. 

à.u:ration of .A fraQ:1ent2.tion dose treatnent 
," 

PI r.:r il TI 

1467 r 48 hou"!':> 25.30 40.69 96.23 97.0G 

1630 r 24 h01.J.!'S 30.07 31.7.'3 96.69 98 .27 

48 hou.rs 31.40 39.83 97.06 97.30 

67 hours 52.29 54.98 100.00 100.00 

80 hours 71.11 G5.11 100.00 100.00 

96 hours 78.22 84.14 100.00 100.00 

10 days 9~·. 78 93.02 100.00 100.00 

1848 r 24 hours 26.34 20.4,t 96.96 95.60 

48 hours 39.02 34.92 97.37 98.90 

67 haurs 76.40 58.91, 100.00 100.00 

96 hours 86.22 79·93 100.00 100.00 

2283 r 24 hours 45.79 5'~.56 100.00 100.00 

96 hours Be. Tg 93.07 1CO.00 100.0,,) 

2446 r 48 hours 58.93 62.92 100.00 108.00 

"nT r:--C=,lLa30 , 

::r ~:et::?p!~Se -. - .jJ~Q.~::Z se .... 
~ .!. 

TI '!'e 1 ol'!lase l 



Ta'"::lle ;L1J:~C Frequency of fra[,'iIlentation produced by cam.''la rays in 

Gryllidae. 

Species 
duratioYl 

Dose of _! fraçr.1en ta ti on 

tre?.toent :::r: 

Gryllus assi!:lilis 2174 r 67 hours 37.89 I~G. 72 98.27 98.71 

G. bimac1üa tus 2174 r 67 hours 33.23 43.37 71.43 82.30 

G. pennsylvanicus 2174 r 67 hours 34.00 37.92 89.24 94.30 

Acheta 
domesticus 2174 r 67 hours 54.48 64.67 100.00 100.00 

Sca~si~edus 
marginatus 2174 r 67 hours 53.62 73.91 70.35 78.67 

Alloner:Jobius 
allardi 1087 r 67 hours 48.83 65.23 100.00 100.00 
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Fie· 1 Idiogram 

Fie· 2 Idiogram 

FiC. 3 Idioc;ram 

Fie. 4 Idiogra.m 

FiG. 5 l di oc;ralIt 

Fie. 6 ldiogram 

of Grll1us 

of Grl11us 

of Gryllus 

of Gryl1us 

of Grl11us 

of Grl11us 

veletis. 

penn. s;'[l vanicus • 

assioilis. 

bima.cula tus • 

bermudensis. 

rubens· 
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Fig. 7 ldiogram o~ Gryllus campestris. 

Fig. 8 ldiograrn of Acheta domesticus. 

Fig. 9 ldiograo of Gryllodes sigillatus. 

Fig.10 ldiogram of Scapsipedus r.l2.rgina tus. 

Fig.11 ldiogram of Helanogryllus desertus. 

Fig.12 ldiogram of Tartaro~lllus burdi~lensis. 

) 



-
... --- --- -- ----- ; 

- --g- . .....; "g .. .. ... 2 ... • 
(,,) HJ..!ltG1 ",.10.1. (lt) HJSG1 ",.1.0.1. 

- --- -• - :: --
___ o. .. T .. 
2 i .. 2 ;, 

( ") HJ.!IN31 ",.LOJ. ( 1'1, HJ.9N31 ",.1.0.1. 

----- --- 2 - -- -
2 ~ g ;. 2 ~ 2 

.;.. 

1", Ml!IN3'1 "'.LOJ. l"lHJ.!lH3' "'J.OJ. 

(J 

; ,'-.' ;';,., .' ." .. ,:. ., .. ~ . 



Fig.13 ldiogram 

Fig.14 ldiob-"I'am 

Fig.15 ldiogram 

Fig.16 ldiogram 

Fie·17 ldiogram 

Fig.18 ldiogram 

of Neonemobius palustris. 

of lTeonemobius sp. near mormonius. 

of Allonemobius fascia tus. 

of Allonemobius allardi • 

of Allonemobius "Tiseus l2:iseus. 

of Eunemobius carolinus carolinus. 
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Fig. 19 Comparison of karyotypes of grylloid species: 
(a) G. veletis; (b) G. pennsylvanicus; (c) G. assimilis 
(Antib~ population); Cd) G. bimaculatus (Azores 

population); (e) G. bermudensis; ~f) G. rubens; 
(g) G. cacpestris; (h) A. domesticus;-(i) G. sigillatus; 
(j) s. marginatus; (k) J.!. desertus; (1) T. burdigalensis; 
(m) N. palustris; (n) li. sp. near mormonius; (0) A. 
fasciatus; (p) A. allardi; (q) A. ~. griseus; (r) E. 
c. carolinus. 
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AlI the figures are 1000X, unless stated otherwise. 

Fig. 20 

Fig. 21 

Fig. 22 

FiC. 23 

Spermatids of Gryllinae. 

a. early stage 
b. later stace 

Karyotype of Gryllus veletis. 

1,~etaphase l of Gryllus veletis, a single supernumerary 

chromosome at the sarne pole as the X chromosome. 

Metaphase l of G. veletis, a. single supemur:lerary 

chrooosome at the opposite pole to the X chromosome. 

r.fetaphase l of G. veletis, a single supemumerary 

renaip~ng a.t thë equatorial plate. 
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Fig. 25 Metaphase l of G. veletis, two supernumerar,y chromosomes 
at the sa~e pole as the X chromosome. 

Fig. 26 Metaphase l of G. veletis, showing two supernumerary 
chromosomes, one at the opposite pole and one at the same 
pole to the X chromosome. 

Fig. 21 a.J.ti. totic metaphase of Q. veletis (2n3'=29). 
b.Diakinesis of G. veletis, showing 15 chromosomes. 

Fie. 28 a.Anaphase l of G. veletis, two supernumerary chromo­
somes moved to opposite pole. 

b. Late anaphase l of G. veletis, showing one super­
numerar,y chromosome lagged behind or~ equa tor area. 
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Fig. 29 

Fig. 30 

Fig. 31 

Fig. 32 

Fig. 33 

Fig. 34 

Interkinesis of G. veletis, supernumerary chromosome 
formed a small vësicle (arrow) apart from the dividing 
nucleus. 

Polyploid cell of G. veletis (800x). 

Anaphase l of G. veletis, showing a sticky bridge. 

Metaphase l of G. veletis, all of tne chromosomes are 
homOlllo~hic . -

Karyotype of Gryllus pennsylvanicus. 

Barly meiotic prophase of G. penn sylvanicus, all of 
the chromosomes are connected to each other and closely 
associated with the r.ucleolus. 
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FiC. 35 

FiG. 37 

Fig. 38 

Fig. 39 

Hetaphase l of G. pennsylvanieus, shorTing a sinGle unequal 
bivalent. 

Anaphase l of Q. penn sylvani eus , ShOlfin[; a sticky bridge. 

Karyotype of Gr;rllus assiIJilis (Antigua population). 

Spermatids of G. assirnilis (}~tigua population) 
a. Early stage-
b. La ter stage 

Early mature spe~s of G. a3sioilis (Antigua population). 
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Fie. 40 

Fig. 41 

Fig. 42 

Fig. 43 

Fig. 44 

FiS. 45 

I,retaphase l of G. assimilis (Antigua. population), the X 
chromosome appears as cross-shaped. 

Metaphase l of G. assimilis U ... '"l.ti&"I.l.a population), aIl 
of the chromosomes are ho~om~~hio. 

Metaphase l of Q. assimilis (Jaoaica population), aIl 
of the chromosomes are homom_orphic. 

Karyotype of Gryllus birna.culatus CA.zores population). 

Hetaphase l of G. birna.culatus CA.zores population), all 
of the chromosooes are !1omoJUo.;-phio. 

Spermatids of Q. bi~culatus (Azores population). 
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Fig. 46 

Fie. 47 

Fie. 48 

Fig. 49 

FiC. 51 

Spermatogonial oetaphase of 'G. bimaculatus' (Singapore 
population), oost of the chromosomes are sticY~ connected 
together. 

Late anaphase l of 'Q. bimaculatus' (Singapore population), 
sh01nng unequal sec;regation of the chromosomes. 

!.!etaphase-anaphase l of 'G. bimacula tus' (Sineapore 
pOpulation), sh01fing numerous fraementations. 

Polyploid cell of 'G. bimaculatus' (3incapore popula­
tion). (800X) 

Anaphase l of 'G. bimaculatus' (Singapore population), 
shcming chromosomal bride'3. 

Telophase l of 'G. bimaculatus' (Sineapore population), 
chromosomal bridge occurs. 
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Fig. 52 

Fig. 53 

Fie. 54 

Fig. 55 

Fig. 56 

Fig. 57 

l.ful tinuclei of 'G. bimaculatus' (Sinea,pore population) 
at interld.nesis.-

TeloDhase l of 'G. bimaeulatus' (Singapore population), 
soce ehromosomes-laeeing behind. 

J.~eta.phase l of 'G. birna.eula tus' (Sincapore popula ti on) , 
achromatie &~P oceurs. 

Ka!"Jotype of Gryllus bermudensis. 

Anaphase l of G. berrnudensis, the X ehromosoce appears 
as cross-shaped and it moves to the pole more slowly 
t~~ the autosomes. 

!:etaphase l of G. berIJUdensis, aIl the chroI!!oso!:les cu-e 
honel~Orphic. -
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FiS. 58 

Fic. 59 

Fie. 60 

Fig. 61 

FiS. 62 

Polyploid cell of G. bermudensis (800K). 

Karyotype of Gryllus rubens. 

Hetaphase l of G. rubens, Sl101-Tin[; stick; ness bivalents. 

!.1etapha.se l of G. rubens, a non-homoloeous a.ssociation 
occur ( arrow ). -

r.!eta.phase l of G. rubens, an unequal bivalent, achrooatic 
ea,ps and chromosomal break (arrow) occur. 

~~a:phase l of G. rubens, showing a sticky bridze. 
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Fie. 64 

?ic· 65 

Fie· 66 

Fie. 67 

Karyot;'l'e of Gryllus car.!I;estris. 

r,Ietaph.a.se l of G. campestris, showing chromosornal break. 

Anaphase l of G. campestris, a chromosomal bridge occurs. 

Late prophase l of Q. campestris, showine the heavy 
sticY~ness chromosomes. 

Fie. 68 !.!etaphase l of Q. campestris, showins c-mi totic effect. 

Fie. 69 Polyploid cells of G. campestris (400X). 
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Fie. 70 Hetaphase l of G. campestris, sllowins numerous tLYl.ivalents. 

Fie. 71 A..'Ylaphase l of G. car:lpestris, a few chromosomes lag,ging 
behind. 

FiC. 72 Late metaphase l of G. campestris, showine non-dis­
junction effect. 

FiC. 73 Late anaphase l of G. canpestris, ~'Ylequal se~reeation 
occur. 

FiC. 74 j,~etaphase l of G. campestris, sorne bivalents connect 
tocether forming a pseudomultivalent. 

FiG. 75 Eeta::phase l of Q. campestris, aIl bivalents are clumped 
into a mase. 
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Fig. 76 

FiC. 77 

Fig. 79 

Fig. 80 

Fie. 81 

Uetaphase l of G. campestris, all bivalents are clumped 
into a few small mass groups. 

Testicular follicle of G. campestris, most of the cells 
were polyploidy. 

Karyotype of Acheta domesticus. 

Metaphase l of A. domesticus, all of the chromosomes 
are homOllqrphic:-

Karyotype of Gryllodes sigillatus. 

Metaphase l of Q. sieillatus, showing an unequal bi­
valent and achromatic gap. 
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Fie. 82 .Anaphase l of Q. sigillatus, an E-bridge occurs. 

FiC. 83 Early spermatids of Q. sigillatus. 

Fi6. 84 Spermatids of G. sigillatus, showing a small half-moon 
shaped apical body. ~ 

Fig. 85 Late spermatids of G. siçillatus, the apical body has 
disappeared. 

Fi~. 86 Karyotype of Scapsipedus marL~natus. 

Fig. 87 Metaphase l of S. mar[;.~natus, aIl of the chromosomes 
are homoJll!')~hic-; 
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Fig. 88 Metaphase l of S. margina tus , shol'iine; an unequal 
bivalent. 

Fie. 89 Hetaphase l of 3. margina tus, an achrornatic eap occurs 
(900X) • 

Fie. 90 Karyotype of Helanogryllus desertus. 

Fig. 91 Karyotype of Tartaroçryllus burdigalensis. 

Fig. 92 Diplotene stage of T. burdiqalensis, the X chromosome 
appears as a dense mass. 

Fig. 93 Hetaphase l of T. burdigalensis, showing achrornatic gap::: 
(900X). 
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Fie. 94 Diakinesis of T. burdiçalensis, four ring-formed chromo­
somes can be observed. 

Fie. 95 Karyotype of Heonemobius palustris. 

Fie. 96 Metaphase l of !T. palustris, the X chromosome appears 
as an irregular mass, havine one end heterochromatin 
and the other end euchromatin. 

Fie. 97 .~aphase l of IT. palustris, double bridges occur. 

Fig. 98 Telophase II of lT. palustri s, showing a chror.lOsona.l 
bridge. 

Fig. 99 Hetaphase l of U. pal;rstris, a single unequal bivalent 
occurs. 
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Fig. 100 

Fie· 101 

Fig. 102 

FiC. 103 

Metaphase l of Il. palustris, showing achromatic gap. 

Karyotype of lTeonemobius sp. near mormonius. 

Early meiotic prophase of lT. sp. near moroonius, a 
giant nucleolus occurs. 

Hetaphase l of li. sp. near mormonius, X chromosome 
is formed as an-irregular rnass, having one end eu­
c!U'omatin and the other end heterochromatin. 

Fie. 104 Metaphase l of IT. sp. near mormonius, achromatic GaPs 
occur. 

FiS. 105 J.!etaphase l of 1T. sp. near morIlonius, showinc a chromo­
BOmal break (arroÏ'l). 
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Fig. 106 

Fig. 107 

Fie. 108 

Fie. 109 

Fig. 110 

Fie. 111 

Anaphase l'of N. sp. near mormonius, chromosomal 
bridges Carl be-observed. 

Karyotype of .~lonemobius fascia tus. 

Prophase l of A. fasciatus, the X chromosome is broken 
into pieces. 

Hetaphase l of A. fasciatus, shows an extra sme.ll 
univalent. 

1.ietaphase l of A. fasciatus, showinc a tra.nslocation 
bi val en t (arrow T. 
Anaphase l of A. fasciatus, a sticky bridee can be observed. 
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FiC. 113 

PiG. 115 

FiC. 116 

FiZ. 111 

Y~ryotype of Allonemobius allardi. 

Early meiotic prophase of A. allardi, the X chromosome 
appears as a big, slender ring-formed body. 

Anaphase II of !. allardi, the X cèromosoce moves to 
t~e pole slower than the autosomes and it forms a 
dicentric bridGe. 

lletaphase l of A. al 1 a.rdi , one DIrA body occurs. 

g:etaphase l of A. allardi, shorring tlfO DIIA bodies and 
a translocation-biva.lent. 

?<Ieta.phase l of 1::.. al 1 ardi , achroma. tic gap can be 
observed. 
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FiG. 118 FÂryotype of Allonenobius griseus bTiseus. 

Fie. 119 Early meiotio prophase of !.. ,fi. .;;ri seus, the :: ohromo­
sorne appears as a J-shaped bo~. 

ne. 120 a. r.!etaphase l of !. • .fi. §Tiseus, tlle X o2~orlOsome 
appears as ring-formed body. 

b. l·tetaphase l ot: A. J;.. [,Tiaeus, t21e X onrorIosome 
appears as V-sp-aped body. 

Fig. 121 L'I'laphase Ilot: li • .;;,. çriseus, the X ohromosome moves 
to the pole slovTer than the autosomes. 

Fig. 123 Anaphase l of A. ~. uriseus, showine a stioky bridge. 
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FiS. 122 

Fig. 124 

Fie. 125 

FiZ. 126 

Fig. 127 

a,b. Hetaphase l of A • .fl.. griseus, sbouing a transloca­
tion bivalent. -

Karyotype of Eu-'Ylemo bi us carolinus carolinus. 

Prophase l of E. c. carolinus, the X C!lrorJosome appears 
as a dense maSSe 

Polyploid cell of 3. c. carolinus (80üx) • 

l.fetaphase l of E. c. carolinus, showine an un e quaI 
bivalent. 
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Fig. 128 

Fig. 129 

Fig. 130 

Fig. 131 

Fig. 132 

Fig. 133 

Metaphase l of 'Uemobius' sp.? near bivi ttatus, 
showing n 11 • 

Spermatogonial metaphase of A. ~. griseus, showing 
the extra small piece (arrowT attached to the end of 
the minor arm of one of the members of the largest 
autosomes. 

The different structures of X chromosome during early 
prophase I: (a,b) Gryllinae; (c,d) Heonemobius; (e,f, 
g,h) Allonemobius (800X). 

The shape of the testes: Ca) Gryllinae; (b,c) H. 
palustris; (d) H. sp. near mormonius; (e) A. rasciatus; 
Cf) A. allardi;-(g) A. ~. çriseus; Ch) E. c. carolinus; 
(i) 'lfemobius' sp.? near bivi ttatus (4xT. 

r.:etaphase l of Scapsipedus margina tus, showing breaks 
(arrows) produced by 0.$% caffeine. 

Metaphase l of Grlllus bermudensis, showing stickiness 
effect produced by 0.5% caffeine. 
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Fig. 134 

Fig. 135 

Fig. 136 

Hetaphase l of Scapsipedus margina tus , aIl the chromo­
somes clumped into a dense mass (produced by 0.5~~ 
caffeine). 

Metaphase l of §.. margina tus, showing achroma tic gaps 
and breaks (arrow) produced by 0.5% caffeine. 

Anaphase l of Gryllus bermudensis, showing laeging 
chromosome produced by 0.5% caffeine. 

Fig. 137· Anaphase l of G. bermudensis, showing sticky bridge 
produced by 0.5% caffeine. 

Fig. 138 

Fig. 139 

Prophase l of G. be rmuden si s, the chromosomes are 
connected with-their chromatin threads (produced by 
0.5~ caffeine). 

Metaphase l of G. bermudensis, showing cluoping 
effect produced-by 0.5% caffeine. 
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Fig. 140 

Fig. 141 

Fig. 142 

Fig. 143 

Fig. 144 

a. Diplotene stage of Gryllus assimilis, showing 
stickiness chromosomes produced by 0.1% colchicine. 

b. Diakinesis of G. assimilis, the de6~ee of 
~tickiness (produced by 0.1% colchicine) greatly 
reduce in this stage. 

Polyploid cell of G. assimilis produced by 0.1j~ 
colchicine. 

Anaphase l of Gryllus pennsylvanicus, shorring breaks 
(arrow) produced by 0.05% colcenid. 

Prophase l of G. penn sylvanicus, showing sticY~ness of 
chromosomes produced by 0.05% colcernid. 

Anaphase l of Q. pennsylvanicus, showing unequal 
segregation produced by 0.05% colcemid. 
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Fig. 145 

Fig. 146 

Fig. 147 

Fig. 148 

Fig. 149 

Fig. 150 

Telophase l of G. pennsylvanicus, snowing a lagging 
chromosome produced by 0.05% colcemid. 

Anaphase l of G. penn sylvanicus, a sticky bridge 
(produced by 0.055b colcemid) can be observed. 

Prophase II of G. penns~lvaniCus, showing c-mitotic 
effect produced by 0.05/' colceoid. 

Metaphase l of G. be rmuden si s, showing chromosomal 
breaks produced-by 0.5% cupferron. 

Prophase l of G. bermudensis, sorne chromosomes are 
connected by the sticky substance (produced by 0.5% 
cupferron) • 

Metaphase l of G. bermudensis, wo fragments occur as 
a result of 0.5% cupferron treatment. 
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Fig. 151 

Fig. 152 

Fig. 153 

Fig. 154 

Fig. 155 

Metaphase l of G. bermudensis, showing four fra.gments 
produced by 0.5% cupferron. 

Metaphase l of G. assimilis, the autosomes are 
clumped into dense mass but the X chromosome stays 
apart, it is a result of ethyl acetate treatment. 

Prophase l of G. assimilis, the stickiness effect 
produced by glacial ace tic acid. 

Metaphase l of G. bimaculatus, showing chromosomal 
breaks produced-by 0.1% phenol. 

a. Prophase l of G. birnaculatus, showing stickiness 
chromosomes produced by 0.1% phenol. 

b. Metaphase l of G. bimaculatus, showing stickiness 
chromosomes produced by 0.1% phenol. 
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Fig. 156 

Fig. 157 

Fig. 158 

Fig. 159 

Fig. 160 

a. 14:etaphase l of G. bimaculatus, the chromosomes 
scatter all over the cell because of the destruc­
tion of the spind.le produced by 0.1~fo phenol. 

b. Metaphase l of G. bi macul a tus, showing the 
similar effect as in (a) produced by 0.1~ phenol 
(800X) •. 

Metaphase l of G. bimaculatus, non-disjunction effect 
produced by 0.1% phenol. 

Anaphase l of G. birnaculatus, nurnerous fragments 
(as a result of 0.1% phenol treatment) can be observed. 

Anaphase l of G. bimaculatus, showing unequal segre­
gation produced by 0.1% phenol. 

Anaphase l of G. bimaculatus, sorne chromosomes are 
lagged at equator are a (produced by 0.1~ phenol). 
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Fig. 161 

Fig. 162 

Fig. 163 

Fig. 164 

Fig. 165 

Fig. 166 

Anaphase l of G. bi macula tus , dicentric bridges occur 
as a re sul t of-O ~1 % phenol trea tmen t. 

Anaphase l of G. bimaculatus, numerous sticky bridges 
(produced by 071% phenol) can be observed. 

Anaphase bridges of G. assimilis (irradiated with 
1630r gamma ray and fixed a t 24 hours after trea tmen t ) • 

Anapnase bridges of Acheta domesticus (irradiated with 
2174r gamma ray and fixed at 67 hours after treatment). 

stickiness effect of gamma ray in G. assimilis (irra­
diated with 1848r and fixed at 67 hours after treat­
ment). 

stickiness effect of gamma ray in Allonemobius allardi 
(irradiated vith 1087r and fixed at 67 hours after 
trea tmen t ) • 
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Fig. 167 

Fig. 168 

Fig. 169 

Fig. 170 

Hetaphase I of G. assimilis, showing achromatic gaps 
as a result of gamma ray treatment (irradiated with 
1467r and fixed at 48 hours after treatment). 

Metaphase I of G. pennsylvanicus, achromatic gaps and 
fragments occur (irradiated with 2174r gamma rayand 
fixed at 67 hours after treatrnent). 

Lagging effect of gamma ray in G. assimilis (irradiated 
with 1630r and fixed at 67 hours after treatment). 

Lagging effect of gamma ray in G. permsylvanicus 
(irradiated with 2174r and fixed at 67 hours after 
trea tmen t ) • 

Fig. 171 Lagging effect of gamma ray in Acheta domesticus 
(irradiated with 2174r and fixed at 67 hours after 
treatment). 

Fig. 172 Telophase I of G. assimilis, showing unequal segrega­
tion (irradiated with 184er and fixed at 24 hours 
after treatment). 
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Fig. 173 

Fig. 174 

Fig. 175 

Fig. 176 

Fig. 177 

Fig. 178 

Telophase l of ~. marginatus, unequal segregation and 
sticky bridge occur (irradiated with 2174r and fixed 
at 67 hours after treatment). 

Mtlltipolar configuration of A. domesticus (irradiated 
~ith 2174r and fixed at 67 hours after tre~tment). 

Multipolar configuration of s. marginatus (irradiated 
~ith 2174r and fixed at 67 hours after treatment). 

J.!ul tipolar configuration of G. assimilis (irradiated 
~ith 2446r and fixed at 48 hours after treatment). 

The occurrence of giant spermatids as a resul t of 
gamma ray treatment in G. pennsylvanicus (irradiated 
~ith 2174r and fized at 67 hours after treatment). 

!fumerous fragments occurred in G. assimilis after 
irradia ted wi th 1630r and fixed-a t 67 hours after 
"!'-reatment. 
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Fig. 179 

Fig. 180 

Fig. 181 

Fig. 182 

Fig. 183 

Fig. 184 

lfumerous fragments occurred in G. assimilis after 
irradiated with 2446r and fixed-at 48 hours after 
treatment. 

lTumerous fragments occurred in G. bimaculatus after 
irradiated with 2174r and fixed-at 67 hours after 
t:;:-eatment. 

liumerous fragments occurred in G. pennsylvanicus 
after irradiated with 2174r and-fixed at 67 hours 
after treatment. 

Metaphase l of G. assimilis, shOi'Ting one fragment 
(irradiated with 1630r and fixed at 24 hours after 
treatment). 

Metaphase l of A. domesticus, showing three fragments 
(irradiated with 2174r and fixed at 67 hours after 
treatment). 

Anaphase l of G. bimacula tus, showing numerous frag­
ments (irradiated with 2174r and fixed at 67 hours after 
trea tmen t ) • 
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Fig. 185 

Fig. 186 

Fig. 187 

Fig. 188 

Fig. 189 

l,retaphase l of G. assimilis, snowing a ring fragment 
(irradiated wi th 1848r and fixed at 24 hours after 
treatment). 

Anaphase l of G. assimilis, ring fragment and lagging 
chromosomes can be observed (irradiated l'Ti th 1848r and 
fixed at 24 hours after treatment). 

Late anaphase l of G. assimilis, ring frab~ent and 
lagging chromosomes-occur (irradiated with 1848r and 
fixed at 48 hours after treatment). 

Late metapnase l of A. allardi, only a few fragments 
occur (irradiated with 1087r and fixed at 67 hours 
after treatment). 

Telophase l of A. domesticus, snowing interchange 
bridge and a fev fragments (irradiated with 2174r and 
fixed at 67 hours after treatment). 
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Fig. 190 

Fig. 191 

Fig. 192 

Fig. 193 

Metaphase l of G. assimilis, all the chromosomes are 
clumped into a dense mass (irradiated with 1848r and 
fixed at 24 hours after treatment). 

Metaphase l of s. margina tu s, the chromosomes are 
clumped into a few groups (irradiated with 2174r and 
fixed at 67 hours after treatment). 

Breakage effect of ultraviolet in G. assimilis. 

Stickiness effect of ultraviolet in G. assimilis. 
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c:J INTERSTlnAL CHIASMATA 

.. TERMINAL CHIASMATA 

20 

a b c d e f 9 h 

80 

j k m n o p q r 

Fig. 194 Comparison of frequency of intersti tial and terninal crüasma ta 
in grylloid species. 

(a) G. veletis; (b) G. pea~sylvanicus; (c) G. assicilis 
(Antigua population); (d) G. assimilis (Jaoaica population); 
(e) G. bimaculatus (Azores population); (f)G. bermudensis; 
(g)G:- rubens; (h) G. carnpestris; (i) A. dor:iësticus; (j) G. 
sifllatus; (k) 2,. marginatus; (1) T. "ourdi· ensis; 
Cm H. palustris; (n) li. sp. near mormonius; 0) A. fasciatus; 
(p) A. allardi; (q) A. H,. griseus; (r) E. E.,. carolinus. 
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