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Abstract
Testes from nymphs of the last three instars of twenty species
belonging to two subfamilies of Gryllidae were studied to determine the
number, morphology and behaviour of their chromosomes. Karyotypes of
different species are described in detail with illusirations and idio-

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

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

Singapore showed anomalies in chromosome number and structure. Chromo-
somal polymorphism was quite common. Polyploid cells, and chromosone
gaps and bridges occurred occasionally in some species. One or two
supernumerary chromosomes occurred in some individuals of Gryllus
veletis, the chromosome nunber of this species thus varying from

2p8=29 to 31. Chromosome evolution within the family Gryllidae is

discussed.

Various chemical and radiation treatments were applied in
order to induce chromosomal abnormalities in some species. Chromosgonme
breakage, stickiness, bridges and lagging, and multipolar spindles,
rolyploidy, unequal segregation etc. were the main abnormalities pro-

duced by these treatments. The sensitivity to chemicals and radiation

varied between different species.

The need for further study to evaluate the cytogenetic effects

of environmental contamination is stressed.
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La morphologie du nonbre, et du comporiement des chromosomes
de vingt espéces appartenant 3 deux sous-familles des Gryllides a &té
étudide a 1'aide des testicules prélevés sur des larves parvenues aux
trois dernidres stades larvaires. La description détaillée des caryo-
types des diverses espéces s'snompagne d'illustrations et d'idiogramnmes.
Le nombre diploide de chromosomes chez les miles varie de sept 2

trente—-et-un.

Des anomalies dans le nombre et la structure des chromosomes

furent observées chez Gryllus campestris ainsi que dans une population

de G. bimaculatus en provenance de Singapour. Le polymorphisme chromo-

.~ ’ P
somique s'avera répandu. Des cellules polyploldes et des cassures
chromosomiques ont été rencontrées occasionnellement chez quelques
espéces. Un ou deux chromosomes surnuméxaires fusent trouvés dans

quelques spécimens de Gryllus veletis; fasisant ainsi varier de nombre

chromosomique de vingt-neuf a trente et un. Une discussion sur 1l'évo-

lution des chromosomes chez les Gryllides est présentée.

Divers traitements chimiques et d'irradiation furent appligués
afin de produire des anomalies chromosomigues chez quelques spécimens.
Les principaux effets observés sont: cassures de chromosomes; adhésivité;
ponts; ralentissment; falsceaux multipolaires; polyploideej répartition

inégale; etc. La sensitivité 3 ces iraitementis varie d'une espece 2



l'autre.

La nécessité d'investigations plus approfondies de 1'évalug-
tion des effets cytogénétiques de la contamination biotopique est

fortement soulignée.
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I, INTRODUCTICH

Since the beginning of twentieta century, the application
of cytological data to difrerent fgglds of biological science, es-
pecially to taxonomy, has become more and more important and useful.
In many well-known groups of animals and plants, a study of the

chromosomes has served as a valuable adjunct to taxonomic resezrch.

A critical re—examination of the taxonomy of many insect
groups has been carried out during recent years. This has long been
necessary, because much of the classification in use at the present
time is, of necessity, still based largely or wholly upon preserved
specimens, i.e., for the greater part, on external morphological
characters. This limited approach has frequently resulted in more
than one biological species being included under a single name, or
in a single polymorphic species having more than one name. GCreat
difficulty and confusion for subsequent workers has often resul ted.
Therefore, a combination of morphology, cytology, ecology, biogeo~-
graphy and other factors now form, wherever possible, the foundation
of modern taxonomy. The present study is part of such an integrated

approach to cricket taxonomy (kevan et a2l.,1964).

Chromosome number is usually considered to be the most
important cytological character of interest to taxonomists, but size,
shape and behaviour of the cnromosones may throw more lipnt on a
taxonomic problem than the number alone, particularly in groups, such
as the Acrididae (gﬂggg.), in which the chromosome number is virtually

constant. The most favouravle situation is that in which tte structure
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of the individual chromosome can be studied in detail, so that a

great number of characters can »e taken into account.

Stebbins (1950) stated: " The chromosomes, because they are
bearers of hereditary factors, should be considered as somewhat more
fundamental than other structures on whickz relationship is baged. "

It is unnecessary, and indced incorrect, however to assume that com-
plex canromosomnal systems are correlated witn a complexity of macro-
scopic structure, or taat species very similar in their general
morphology must have very similar chromosomes. Nevertheless, in many
cases, chromosomes do show co-variation with other characters exhibited
by organisms, especially those agsociated with the accumulation of

morphological changes which culminate in speciation.

Cytology has provided valuable data concerning the origin
and nature of the chromosomzl differences that exist at various taxo-
nomic levels, and it has proved extremely useful in the study of
closely related species groups, s8ibling-species complexes and poly-
morphic species. On the otzer nand, the effects of certain external
environmental factors — such as various chemicals, including pesticides
and other polluting agents, and radiation — can also be detectec
cytologically. Recently there has been a great increase in interest
in this field, whicih nas resulted in the publication during the last
three decades of a nunber of papers dealing wit: the regulis of re-~

search into the cytological eifects of environmentazl Tzctors.

Invesiigetions into radiation-—induced chronoszcnzl aberr-atioms

are of zreat fundamental importance. Hot only do they asiist in a
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proper understanding of the possible mechanisnms involved in the pro-
duction of structural changes in chronosomes, such as occur, usually
less frequently, in untreated populations, and which are inevitably
involved in evolutionary processes, but they also allow one to assunme
the genetic effects of different qualities and dosages of radiation.
murther, they enable one to determine the approporiate dosages to use
in experiments intimately connected with physiology, therapy and

protection against radiation harzards.

3tudy of the effects of chemicals on chromosomes have a
similar value to studies on radiation, and, in addition, enable one
to estimate genetically tolerable limits for the accumulation of
pollutants such as pesticides. Further, such studies provide a
better understanding of DA, HNWA and protein synthesis and the nature

of gene mutation.

It is obvious, from almost any survey of biological litera-
ture, that an extensive study of cytology witna modern techniqucs is
extrenely desirable in order to promote an understanding of bqth
taxonomic and ecological problems. The present work attempts to
relate tnese two aspects. The main purpose of the study was to in-
creage our knowledge of cytogenetic and chromosonzl aberrations
induced by powerful ecological factors, nanely toxic chemicals and
radiation, with particular reference to Gryllidae, a2 group whicha has
recently received much atitention in tae field of experimental taxonony,
botn &t HcGill University {}Macdonald Campus; and elsewacre. 4is a
necessary major preliminary part of the work, an sttempt was made to

elucidate certain taxonomic questions, and, on thae aagias of cytological
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differences beitween them, to confirm some previous findings regarding
certain members of the family. This included an investigation of

chromosomal variation occurring ' paturally ' within populations.

mhirteen species of Gryllinae were investigated, of which
four are native to North America andi two to tne West Indiesj the re-
mainder are 0ld World species, of which three are established in the
Americas. Six native Yorta American species and one lew Zealand

species of Nemobiinae vere also studied.

of
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II. CYTOCENETIC STUDIES IN RELATION TO TAXOHOKY

A. Literature Review

1. Cytological Review:

3ince the beginning of the present century, and especially
over the last twenty years, cytological studies of crickets (Grylloideca,
mostly Gryllidae) have been carried out by a number of investigators.
Zarlier studies (i.e., those publisned 25 or more years ago) included
a number on various species of Gryllinae (velonging, for the most

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

Loxoblemmus, 3rachytrupes, Teleogryllus and lelanogryllus) by 3aum—

gartner (1904), Gutherz(1907,1909), 3runelli (1909), Meeks (1913),
Honda (1926), Ohmachi (1927,1929,19322,b,1935), Tateishi (1932), fonda
and Iriki (1932), Suzuki (1933), Xomma in 1942 (as cited by lMakino,
1951,1956) and Toledo Piza (1945); one on a species of Nemobiinae

("Nemobius" (= Allonenobius)) by 3aumgartner (1929)3; two on Zneopte-

rinae, viz. one species of "Apitnes" (= Hapithus) by Baumgartner (1917)

and one of Eneoptera, by Toledo Fiza (1946)3; three, involving two
species of Oecanthus, Oecanthidae, by Joanson (1922,1931) and Hakino
(1932); and three in respect of two species of Yogoplistinae (Chmachi,

1927,1935;3 Pateishi, 1932). Several species of "Pteronemobius", Kemo—-

biinae, are also referred to by Honda (1926), Ohmachi (1927,1929,1932b,
1935) and Tateishi (1932); Ohmachi (1935) surveyed the chromosones of
28 or more species of Grylloidea, including those of somze genera, such

as Cyrtoxiphus, Prigonidiinae, not referred to adove.
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liore recently, for Gryllinae, Ohmachi (1950) and co-workers

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

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

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

list of species investigated; Sharma (1963) referrec, under the name

Cryllus, to one species each of Modicogryllus and Plebeiogryllus;

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

genera Gryllus, Teleogryllus, Modicogryllus, Platygryllus, Scapsipedus,

Tartarogryllus and Loxoblemmus. 3otelo and Wettstein (1964) studied

the fine structure of the chromosomes of a species of Gryllus. For
other subfamilies, Ray~Chaudhuri and Manna (1950) refer to Buscyrtus
spp. and to Seychellesia, Phalangopsinae, and Claus (1956) to Eneo-
tera, Eneopterinae. Davenport (unpublished,1960) investigated several

North American species of Nemobiinae. Also, in the last decade, various
grylloid insects of several genera, belonging?hifferent families and
subfamilies have received considerable attention in India from Manna
and his collaborators (1964,1965,1966,1968,1969) and by Banattacharjee

and Manna (1967,1969). The genera studied included Gryllus, Gryllodes

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

and Trigonidium (Trigonidiinae), Cecanthus (Oecantnidae) and Ornebius

and Ectatoderus (Xogoplistinae).

Lim et al. (1969), followed almost simultaneously by Fontana
and fogan (1969), have pubdlished more comprehensive accounts of two

Australasian species of Teleogryllus, which nave been very recently

augnmented by Lim (1970). The last author nas also provided further

information on several genera of lemobiinae (Lim,1971).



Ohmachi (1935) was the first worker to make a comparative
study of the relationship betwecn chromosomes and taxonomy in Gryllidae,
nearly thirty species being considered. lakino (1951,1956), in his
natlases" of the chromosome numbers in animals, included a review of
more than fifty grylloid species. Hore recent, similar reviews, re-—
stricted to the Grylloidea, nave been published by Chmachi {1958) and
by Bhattacharjee and Manna (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 Bigelow) and G. pennsylvanicus

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

29 (Handell and Kevan,1962}. This chromosome number is also rep. rted

0y

for G. pennsylvanicus (as G. assimilis) by Baunmgartner (190.:) and

Chmachi (1935), and for other Gryllus species: . agsimilis !Padbricius)

(presumadly) (Toledo Piza,1955); G. assinilis, sensu stricto {Randell

and ¥evan, 19623 Leroy,1967); G. campestris Linnaeus (Ohmachi, 1923,1935)

G. bimaculatus De Geer (Tateishi, 1932; Chmachi, 19353 Leroy,1967}; G.

rubens Scudder {Randell and Xevan,1962}; G. fultoni (Alexander}

{Randell and Kevan,1962); G. bermudensis Caudell (Leroy,1967}; G.

cepitatus Saussure (Leroy,1967); G. insularis Scudder {Leroy,1967);

G. peruviensis Saussure (Leroy,1967). Randell ana Yevan {1962} pointed

out that all the Gryllus species examined by then had the same chrono-
some nunber (i.e. 2p8=22), but that {hey found it po3sible only to
identify tae X caromosone and the larrest pair of autosomes, the re-

maining autosomes deing too small o agsociate in pairs.
84 P




In species currently referred to the genus Teleogryllus,

the spermatogonial chromosome number of T. mitratus (Burmeister), Te
commodus (Walker), T. emma (Oamachi & Yatsumura), T. oceanicus (Le
Guillou) and T. taiwanemma (Ohmachi & Matsumura) has been reported to
be 27 by Honda (1926), Ohmachi (1927,1950), Tateishi (1932), Ohmachi
et 2l. (1953), Lim et al. (1969), Fontana and Hogan. (1969) and Lim
(1970). However, that of T. oceanicus was recorded to be 2p8=29 by

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

emma (Ohmachi & uatsumura), was observed by Ohmachi et al. (1953) to
have 2p8=25. T. mitratus was, however, found by Honda and Iriki (1932)
to vary: the chromosome number was 2n6=25 in a population from Manchuria
and 2p8=27 in specimens from Xyoto, Japan. One grylline species, pur-

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

posticus (dalker), was reported by Leroy (1967) to have 2n6=19. (If

this is true, our present concept of Teleogryllus will have to be
changed — see De. 43,53). Iy own analysis of the chromosome comple—

ments in Teleogryllus showed that acrocentric chromosomes and achronmatic

gaps were very comnon in T. oceanicus but rather rare in T. commodus,
except in a population from Victoria, Australiaj polyploid cells and
lampbrush caromosomes also occurred in the intra- and interspecific
nybrids of T. commodus and T. oceanicus (Lin et al.,1969; Lim,1970).
Twenty-one ciaromosomes occur in spermatogonizl metaphase in
tne following species (names corrected where appropriate): Acheta
domesticus (Linnaeus) (3aunmgartner,1904; Cutherz,1907,1909; Meeks,1913;

Randell and Kevan,1962); Gryllodes sigillatus {#alker) (Ohmacki, 1927,

19355 Tateishi,1932); Scapsipedus parginatus (ifzelius et 3rannius)

(Randell and Kevan,1962; Leroy,1967); ¥elanogryllus desertus (rallas)
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(3runelli,1909); Lodicogryllus confirmatus (Walker) (Sharma,1963);

M. uncinatus (Chopard) (Leroy,1967); Plebeiogryllus guttiventris

(as Gryllus configuratus Walker) (Sharma,1963); Platygryllus linca-

ticepes (Walker) (Leroy,1967)s Tartarogryllus burdigalensis (La~

treille) (Leroy,1967).

3 male diploid caromosome number of 19 is Tound in some
YNemobiinae. Davenport (unpublished, 1960) indicated that ten species
of "iemobius" occurring in the eastern Jnited 3tates of America should
be separated on cytological grounds into three subgenera, as proposed
earlier on the basis of external morphology by ilebard {1913): nanmely,

Kecnemobius, Allonemodius and Bunemobius, with male diploid chromo—

gome numbers of 19, 15 and 7 respectively. lleonemobius was considered

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

the group and Zunemobius to be the most advanced. Allonemobius lay

between them, and its karyotype was presumably derived from one

similar to that of Heonemobius, in which a process of centric fusion

mi_at have occurred. Purther centric fusion was postulated by “aven-

‘port a3 naving occurred during the evolution of tie karyotype o?

Bunenmobius fros an Allonemobius-like ancestor. dis conclusion regard-

ing the above relzationships were supported by stridulation and specia—
lization of habitat. Davenport's findings pave recently been largely
confirmed and the subgerera elevated to genera {Vickery and Joinsione,
19703 Lim,197%j. Iuch earlier, 3Jaungariner (1929} had studied Allo-

nemobvius fasciatus {De Geer) in detail and had found that all of the

sutosomes were rod-shaped. They could grouped into two classes




according to the tetrad formation: three pairs formed rod tetrads
and the other four equatorial rings or doudble crosses. Thae ¥ chrono-

some was large and U—shaped.

Ohmachits (1935) review of the chrorosone conplements of
eight Old World species of Menobiinae indicated 17 to be the most
common male diploid chromosome number in this subfamily, and 15 the
next. Only one species had 19 and one had 11 caromosomes. I ore

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

of the chromosome complements of eleven 0Old Jorld species of MNemobiinae.

Tae most common male diploid nunber reported by them was 15, only one
species had 19, two nad 17 and three nad 11. Their paper is referred
to and updated by Lim (1971).

Variable chromosome numbders are reported in the nemobiine

genus Pteronemobius. Kanna (1969) stated that this genus was the

most heterogeneous amongst the Gryllidae. This was also stated by
Vickery and Johnstone (1970) and Vickery (1971, in preparation) and

was clearly indicated by Lin (1971). P. furumagiensis (Chmachi and

Furukawa) was recorded by Ohmachi (1927,1935) having a 2nd conplement
of 19, the autosones consisting of two pairs of V's and seven pairs
of rods and a slender U-shaped sex chromosome. 3ixteen sutosomes

(two pairs of V's and six pairs of rods) and a V-shaped 7 chromosoae

were observed in P. flavoentennalis (3hiraki) (Ghmachi,1929,1935).

A further three species of Pteronemobius having the same chromcsone

number are: P. nitidus (Skiraki) (Ohnachi, 1927,1935), P.csikii

(Bol{var) (Honda,1926), and P. fascipes {Halker) (Ohmachi,1527,1935;
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Tateishi,1932). Two other species, P. taprobanesis (ialker) (ilanna

and Bhattacharjee,1964) and P. mikado (Shiraki) (Ohmachi,1927,1935)
have 2p8=15. P. ohmachii(Shiraki) possesses the lowest caromogome

nunver, 2n8=11, among so—called Pteronemobius species; all the chromo-

somes were V-shaped in this species (Ohmachi, 1927,1935). Pteronenobius

clearly includes species of more than one genus (Linm,1971) but only
partial revisions have yet been attenpted (Vickery and Johnstone, 19703
Vickery, in preparation). It may be notei that P. fascipes will

vecome the type species of a2 new genus. P. hargreavesi Chopard, P.

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

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

Variability within "species" had also been recorded. The

chromosome nunber of the grylline Loxoblemmus arietulus Saussure has

been variably reported by different workers. It was given as 2pd=13-
15 by Honda (1926), 11-13 by Ohmachi (1927,1932b), 14 and 15 by Suzuki
(1933) and 13-17 by Chmachi and Ueshima (1955). 411 agreed that the
variation of the chromosome number was due to the occurrence of mul-
tiple cnromosomes. "L.arietulus", however, probably comprises more
than one species, and, indeed, Ohmachi and Ueshima (1955) (without
giving them formal names) distinguished three sibling species —-—
"Panbookame", "Moriokame" and "Haraokame" -—— in Japan. The chromo-
some number ranged from 2p8=13 (consisting of X plus four pairs of
netacentrics and two pairs of acrocentrics) to 17 (X plus one pair

of metacentric and seven pairs of acrocentricsj. The extra three

pairs of metacentrics in the individuals with 2p8=13 were rultiple
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chromosomes which were formed by the linkage of two non-homologous
euchronosomes. rultiple chromosomes have also been observed in

Brachytrupes portentosus (Lichtenstein). The male diploid number is

reported to be eitaer 15 or 17 by Momma in 1942 (as cited by Hakino,
1951,1956); 14,15 or 20 by Ohmachi (19322,1935); and 13,14 or 15 by
Pateisni (1932).

Cytological studies of tne hybrids between certain American
field crickets were undertaken by Randell and Kevan (1962). The hybrid

crosses between G. assimilis and G. penngylvanicus, and between G.

agssimilis and "Texas nalf-triller" (a species not yet formally named )

showed great variation in the chromosome number in metaphase II. A
double bridge was found in anaphase I of the hybrids obtained by

crossing G. fultoni and G. veletis. These chromosomal aberrations,
it was presumed, might be caused by tne failure of synapsis and in-

complete pairing in the hybrids.

The sex—determining mechanism appears to be XX2-%08 in most
grylloid species. ultiple sex chromosomes (K1X1X2Xé$—I1X2Y3) have,
however, been reported in Zuscyrtus sp.; E. concinnus (flaan) and
Seycnellesia sD., Phalangopsinae (Ray—Chaudburi and Manna, 19503 lanna
and Ray-Chaudhuri,1965). During meiotic division in the male, onc of
the small univalents (supposed to be the Y chromosone) goes to one
vole and tae other iwo {one large and one small acrocentric, sup~-
posedliy thne X-complex, K1X2) move near o the oppositec pole. ul-

tiple sex chrozosones also occurred in Sneoptera surinamensis {He Genr),

Zncopterinae {Toledo Piza, 19465 Claus,195¢). According to Claus (1956:
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the multiple sex chromosomne wWas Z1T1Xé7'9-I12223, rather than V8-
K1XZY6 as reported by Toledo Piza (1946). T, wes a small metacentric,
x2 an acrocentric and Y was a large metacentricj botn X chromosomes
went to the same pole, opposite to the Y chromosome, and no pairing
was observed between them. A pseudo-multiple sex chromosome was

studied by Smith (1953) in an Indian phalangopsine gryllid Zuscyrtus sp.

Yatural heterozygotes have been recorded in the Gryllinae,

Plebeiogryllus guttiventris, P. sp. near guttiventris, Hodicogryllus

confirmatus, Teleogryllus commodus and T. oceanicus and in the emo-

biinae, Paranemobius sp., Pteronemobius bicolor (Saussure), P. tapro-

banesis, Neonemobius palustris (Blatchley) and Eunemobius carolinus

(scudder; (Manna and 3hattacharjee,1964,1966; Bhattacharjee and lanna,
1969; Lim et 21.,1969; Fontana and Hogan, 19695 Lim,1970,1971). The
heteromorphic bivalents can be identified by their hook-shaped

appearance in metaphase I.

The fine structure of meiotic chromosomes was studied, for

Gryllus argentinus Saussure, by Sotelo and Hettstein (1964). Elec-

tron-microscope investigation demonstirated tnat the medial component
was integrated by three longitudinal planes of filaments and each
plane was integrated by two units: longitudinal in the frontal view

and transversal in the lateral view.

In addition to investigations directly involving a study
of chromosomes, a few other publications involving the cytology of
crickets have appeared. In studies on the spernatogenesis of Acheta

donesticus, using phase-contrast microscopy, Hath and Bhimber (19513)
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found that the Golgi body was either granular in form or vesicular

in appearance. !itochondria varied in form during the development

of the sperm and fused to form a mitochondrial body in the spermatid.
The acroblast appeared as a large vesicle and the nucleus of the mature
spern was spiral in structure. lany secondary spermatocytes did not
undergo cytokinesis, and spermatids nad one, two,or nore nuclei.
However, Levine (1966) found that cytokinesis does occur in most of

the primary spermatocytes aznd in 2ll spermatogonia.

Under the electron-microscope, the nuclei of the early

oogonia of Acneta domesticus have been shown to contain several small

DHA bodies, whereas in the later stages (leptotene, zycoiene and
pachytene), the young oocytes have only one large DHA body; the DHA
body exhibits a filmentous shape during metaphase and anaphase (}unz,
1969). Several workers have analysed the extra DHA in the female pern

cells of Acheta domesticus (Nilsson,1960; ieinonen and Halka, 19673

Y

3ier et al.,1967; Lima—de-Faric et 21.,1368; Cave and Allen, 1969},
Lime-de-Faric et al. (1968), nowever, found that every oocyte of

Acheta domesticus contained a R4 body, which increased in size during

the early meiotic prophase but whica began to disintegrate by breaking
into several small pieces at tre end of the diplotene. 3y late diplo—
tene, the whole body disappeared and had released DIfi, histone and
74 into the nucleus. These authors stated thait there was no con—
parable structure in the nale meiotic propaase. Funz 71969} 2lso
pointe. out that, although the X chronosome of the nale sern cells

ig very similar to the DHA body of tne female, there iz no regular
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contact between the sex chromosome and the nucleolus. Cave and Allen
(1969) found that the DA body in oocyies of icheta was intinmately
associated with one or more chromosome pairs and that at diplotene,
large quantities of nucleolar material accumilated at the periphery
of the body. 3yntnesis of this extra DA continued long after DITA
synthesis was completed by the chromosomes during early meiotic pro—-
phase. Poletaeva et al. (1970) found that there was no change in the
amount of DNA during prophase I in A. domesticus, but the amount of

histones increased progressively.

In conclusion, it may be mentioned that Tyrkus (1971) has
recently developed a new cytological technique for the study of the
morphology of the mitotic chronosomes with particular reference to

Acheta domesticus. Insect naematocytes, instead of germ cells, are

used for karyotypic analysis.

2. Taxonomic Review (with reference to ithe genera here studied):

The field and house crickets here studied all belong to the
gryllid subfemily Gryllinae, tribve Cryllini, subtribe Cryllina, as
defined by Randell (1964), to whom reference for details of classi-
fication may be made. Native field crickets occur connonly in re-
latively open places over much of the world betwesn a little over
50% . and a little under 4505., and, in most of Yorth, Central and

South America, tkey can be found almost everywhere within these limits.

The first description of an American field cricket was that

of Acheta (now Gryllus) assimilis, from Jemaica, published nearly two
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centuries ago by Fabricius (1775). No less than forty-seven species
were described from llorth and South America and the West Indies between
1775 and 1903. In 1503, seventeen names were applied to American
field crickets (Rehn and Hebard,1915). Lutz (1908) and Rehn and
Hebard (1915), after studying a2 great series of specimens, concluded
that only one highly variable species was represented and all the
American species were reduced to synonymy under tle name Gryllus
assimilis (Fabricius). For many years all American field crickets

were almost universally known by this specific name.

During this time there was also considerable confusion in
the generic nomenclature of grylline crickets, the name Acheta Fabricius,

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

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

of Gryllus Linnaeus, 17533 various species now referred to Cryllus, s.
str., were referred to Liogrylius Saussure, 1877. Uvarov (1935) clarified
the position regarding Gryllius, by implication synonymized Liogryllus
with it, and proposed a new generic name, Gryllulus, for domesticus,
which he regarded as being generically distinct, and this name had

fairly wide acceptance. Roberts (1941), however, pointed out that
Acheta Fabricius was available, with domesticus as its type species,

so that Gryllulus fell as its synonym. Gurney (1951) transferred
assimilis back to Acheta, and North American workers followed his

lead. The criterion defining the limits of Acheta (merely the arrangaent

* Criginally written domestica, a practice which survived for a long
time, but Acheta is masculine, and in concurrence with the Inter—
national Code of Zoological Komenclature, the spelling was emended

by Kevan (1955).
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of tae ocelli) was unsatisfactory, however, and, for reasons given

in a footnote to their paver, Jobin and Bigelow (1961), at the sug-
gestion of Dr. D.Y.HcE. Kevan, indicated that Yorth imerican field
crickets should be referred to the genus Gryllus if the classification
were to be natural. Randell (1964) tacitly confirmed this. IHe found
that the structures of the male genitalia of the species localized
naturally in Yorth America were more similar to G. campestris Linnaeus
(the type species of Grzllus) and otner Cld World species than to

Acheta domesticus.

As indicated above, since the work of Rehn and Mebard (1915),
the native North American field crickets were, for many years, all

jumped tosether under the neme Gryllus (or Acheta) ascimilis. TField
[ \ 7

observations, however, had suggested to some workers that this was
not acceptable. Criddle (1925), for exzample, recognized formally two
different 'races' of field crickets in Nanitobaj; called by hin the

spring cricket, G. asgimilis pennsylvanicus Burmeister, and the fall

cricket, G. a. luctuosus Serville. o interbreeding between these
two seasonal populations occurred. Tulton (1952) confirmed Criddle's
finding and wrote that at least four distinct populations of field
crickets were distriouted in the 3tate of Horth Carolira. They were
reproductively isolated from each other and differed hiologically,
pnysiologically and ecologically. Fifty nybridization experinments
were made and all gave negative results. Fulton did not, however,
assign formal specific names to his various populations. 3ehavioura1

differences between populations were further demonstrated by ilexander
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(1957), who revised the taxonomy of ficld crickets of the eastern
United 3tates of America, reinstating severazl of the specific names
that had fallen into symonymy and describing one new species, Acheta

(now Gryllus) fultoni, for which no previous name was available.

Alexander and Bigelow (1960) believed that the subspecies established
by Criddle (1925) had become reproductively isolated through a seasonal
separation of adults ("allochronic speciation"), and gave them full

specific status as sibling species. The spring cricket they described

as Aciheta (now Gryllus) veletis (since no existing species name was

available). The fall cricket was designated as typical A. pennsy-

vanicus; luctuosus, the name used by Criddle (1925), being a synonym

(Alexander,1957).
The first biological hybridization for field crickets was

reported by Cousin (1933), who crossed Gryllus campestris and G. bimoa-~

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

same autnor: G. berrudensis Caudell fenales crossed with G. canpestris

males (Cousin,1946); G. {as Acheta) peruviensis 3aussure wita G. cam-

pestris (Cousin,19542); and G. {as Acheta) argentinus with ('. cunmpestris

(Cousin,1954b5,1955). The fertility of the hybrid generationa was
reduced in 211 of these crosses. 3igelow {1960) studied interspecific
crosses anong four species of American field crickets and found that
nyorids were produced when ne crossed G. rubeng femzles with both 3.
veletis nales { in his paper referred to as "N33"} and §. ansirnilis
nales; G. agsimilis femeles crossed with boin G, ruoens males and G,

pennsylvenicus nales; G. veletis feazles with G. rubens nzles; and
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G. pennsylvanicus females with G. assimilis males. All otaher attempts

to cross the four species in different combinations (notably.g. pennsyl-
vanicus wita G. veletis) gave negative results. Eight similar crosses

between Gryllus species were also made by Randell and Kevan (1962).

Crossing experiments with house crickets, Acheta, s.str.,

by Ghouri and McFarlane (1957) showed that a Pakistani and a Canadian
population were reproductively isolated. Geographic isolation and
behavioural differences (failure of insemination, differences in
action during courtship or, may be, in the odor of the male) were con-
sidered to be involved. It is now clear that two distinct species
were involved, only the Canadian population being referable to the
cosnopolitan house cricket species, 4. donesgticus. The Pakistani
'strain' has now proved to ve A. hispenicus (Rambur), a widely dis-
tributed but less common 0Old World species (Dr. A.S.K. Chouri, per-

sonal communication,1970).

In addition to tae field and house crickets of the subtribe
Cryllina, one member of the tribe Gryllini belonging to the'subtribe

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

the present work. Yo special comment on its taxonomy is called for,
except to note taat Randell (1964) established its systematic position
within the Gryllinae.

tGround crickets' belong to the subfamily lemobdiinae.

Several snall lorth Anerican species of these were lon; confused unier

-

a single specific nane, liemobius fasciatus (De Geer). Fulton {1931,

1933,1937), after a series of studies, pointed out that the 'species’
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1. fasciatus was divisible into three physiological or ecological
traces'. The races were jsolated from each other by their habitats
and they did not interbreed in the areas of overlap. ile designated

one of these races as typical H. fasciatus and another as . fasciatus

tinnulus (Fulton); the third, N. allardi, was described by Alexander
and Thomas (1959), who cleared up certain misunderstandings in the

specific nomenclature.

Wwith reference to generic nanes all YNorth American species
b

were long regarded as belonging to one genus, Yemobius. However,

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

bius and Eunemobius, for the Yearctic species, all being distinct

from typical Old World Hemobius. He also proposed a fourth subgenus,

Brachynemobius, to contain sone Mexican species. lembers of all but

this last group have been available for the present study.

Pulton (1931) indicated that genitalic characters supported
Hebard's separation, and Davenporti (unpublished,1960) agrecd on cyto—
logical grounds (see p. 9). Recently, Vickery and Johnstone {1970),
on the basis of the siridulation, genitalia and other morpaological
characters, have shown that the species of Nearctic lemobiinae, fornerly

placed in Nemobius, and later transferred to Pteronenobius by Chopard

(1967), belong to (at least) four distinct genera (not one genus with

three subgenera). Thegse are lebard's Yeonemobius, illonemobiug and

Zunemobius together with a now jJenus, Pictonenobius. ione 18 veI

closely related either to Temobius, sS.sir., or to Pteronemnodius,

azlttough they aave more in cozmon wita the latter and belong to the
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sane tribe (Pteronemobiini). Their generic status is confirmed on
cytolozical grounds by Lim (1971).

Johnstone and Vickery (1970) have also made certain correc—
tions in the specific nomenclature of lforth American Hemobiinae,
particularly in respect of the species name palustris (3latchley).
411 of the species in which the males have subdistal tibial glandular
spines (including those belonging to the Hearctic genera referred to

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

Pteronemobiini.

Yith reference to the systematics of the single I'ew Zealand
species of Nemobiinae studied, little can be said at present, except
that it belongs to the ilemobiini. This tribe is in very serious need
of revision. Johns (1970) indicates the present unsatisfactory taxo-
nomic situation regarding the New Zealand species, but his suggestion

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

Xemobius as formerly, is (at least partially) incorrect. The species
here considered can only be referred tentatively to a systematic

position possibly associated with the Australian "Hemobius" bivittatus

(Walker) (see Chopard,1951), but apparently not to the genus Hemobius,

3- str.

. Xaterials and Hethods

1. Materials:

The systemztic positions, origin and history of the species

used in this study are as followsa:
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Jubfanily Gryllinae
mribe Gryll =i

Subtribe Gryllina

Genus Species Origin History

Cryllus veletis S.He Quebec reared in the labo-
(Alexander & ratory since 1969
Bigelow,1960)
pennsylvanicus 53.%. Quebec reared in the labo-
Burmeister, 1638 ratory since 1969
assimilis intigua both reared in the
(Fabricius,1775) Jamaica laboratory since 1959
bimaculatus Azores (3ta reared in the labo-
De Geer,1773 Haria) ratory since 1965.

Singapore field collected in

1968 by Dr. T.¥. Chen

bermudensis Bermuda reared in the labo—-

Caudell, 1903 ratory since 1959

rubens Morida field collected in

Scudder, 1902 1970 by Dr. T.J.
alker

campestris lhungary field collected in

Linnaeus, 1758 1970 (spent a short

time in insect house
in Budapest Zoo
before receivedfrom
dr. B. Yagy)

firms ¥lorida reared in the labo-
Scudder, 1902 ratory since 1962
Acheta domesticus 3.H. Quebec reared in the lavo~-
(Linnaeus, 1758) (cosmopolitan, ratory since 1967
cld World)
Gryllodes gigillatus Pakistan rezared in the labo-
{dalker, 1669} {tropicopo- ratory since 19564
litan, 0ld
Yorld)
Scapsipedus marginatus Janzaica rezared in the labo—-
(Afzelius et {Lfrica, intro- ratory since 1952

3rannius, 1804}  duction)
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slelanogryllus desertus

TPallas, 1771)

Jubtribe 3ciobiina

Partarosryllus burdigalensis

Tiatreille, 1802)

Subfanily XNemobiinae
mribe Pteronemobiini

Yeonenobius

alustris
,Blatchley,1900)
3p. near
mormonius

{Scudder, 1896)

Allonemobius fasciatus

(De Geor,1773)

allardi

(Alexander &
Thomas, 1959)

igeus gggseus
(E.H. dalker,

1904)
sunemodius carolinus
carolinus

(Scudéer, 1877}

Prive Yemobiini

. »*
temobius'

s Pteronemobius of Johns (1970), but not this

sp.? near
bivitiatus
zHalker,1689)

Hungary

Azores (Sta

laria)

Lac Carré,
Zuebec

#lorida

Pincourt,
Juebec

Pincourt,
Quedbec

¥.D. du Laus,
uevec

Pincourt,

Juebec

¥Yaikours,
few Zealand

field collected i
1969 by >Dr. 3. Mgy
and subsequently
reared in the labo—
ratory in Tudapest
and, in 1970, lzc-
donzld College

>
-

reared in the labo-
ratory since 1965

reared in the labo—
ratory since 1963

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

field collected in
1969 by Sr. V.R.
Vickery

field collected in
196% by Dr. V.R.
7ickery

Pield collected in

1969 by iLyman iuseur
5taff

field collected in
1969 by dr. V.R.
Yickery

fielé collected in
1970 by Dr. P. Joans

renugs: agre3 retier
i at

¥itn current concept of Nemobiug, 4hich is, nowever, in need of

revision (dr. ¥.R. Vickery, person

al communication,1971..
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Unless otherwise stated, the stocks from which laboratory
cul tures originated were field collected at different times by various
members or former members of the Departiment of Zntomology, licGill

University.

Throughout the study, nymphs of the last three pre—adult
instars were used to provide both testes and ovaries for cytological
examination. 411 the data recorded, however, were obtained from
testicular follicle cells, because, in immature ovaries, nitotic cells
are rare and no meiotic division occurs. The oogonial metaphase was

used merely to confirm the expected female diploid chromosome number.

2. Hethods:
a. Culture and rearing

The culture and rearing methods used through the present
study were the standard ones adopted in previous studies on crickets

in the Department of Entomology, HcGill University (Ghouri and ¥cFar-
lane,1957).
b. Cytological studies

After anaesthetizing the crickets with ethyl acetate, the
gonads were dissected from living individuals in insect saline (3aker,
1950), fixed in Farmer's fluid or Carmoy's fluid {3mith,1947) for 24
hours, and thern stained according to 3now's method (Snow,1963). Tem
porary squashed preparations were nade in most cases. The coverslips
were ringed with a mixture of paraffin and vaseline, and the slide

thus prepared remeined in a satisfactory sizte for four to five weeks.
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4 permanent dry-ice-freezing method (Darlington and La Cour,1962) was
also used occasionally for special purposes. Xor further details of

the methods used, see Lim (1968).

c. Analysis of data

Drawings of chromosome complements were nade with the aid
of a camera lucida at a magnification of 1250X. The chromosone number
was detecrmined by first counting the number in the spermatogonial
metaphese, and then confirmed by determining the haploid number in
both the first and the second meiotic divisions. The chromosomes
were differentiated into four groups according to the position of the
centromere and the arm ratio, as proposed by Levan et al. (1964) and
modified by Lim (1968): (1) metacentric (11): arm ratio=1.00-1.30;
(2) submetacentric (sH): arm ratio=1.31-1.70; (3) subtelocentric (57):
arm ratio=1.71-7.00; (4) acrocentric (1): arm ratio=7.00-c. Centro-
meric index (i) was calculated from the formula i;1003/c where s the
lenzth of short arm and ¢ total length of the chromosone {(Levan et 2l.,
1964 ).

A side—screw divider and a triangular boxwood metric scale
(ooth supplied by The tughes~0wens Co., tontreal) were used 23 tools
to measure the lengths of the chromosores {mainly £ron drawings). The
total chromosome length (TCL), arm ratio and cenironeric index were
then calculated. Idiograns of ihe karyvotypes were made according <o
the data obtained. In tke idiogrens, the caronosonmes were arran’ed
in order of descendirn; lengtn of the short arnd. .The nfundanental

pumbert ig the totel musbder of aras occurring in the cutosozes 07 the
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disloid set (iatthey,1951). The ratio of /1A is the lengtnh of the

¥ chromosome divided by that of tre larpgest autosome.

During diakinesis, all the chromosones becone condensed and
can be distinguished individually. The shape and structure of the
chromosomes are more or less constant at diakinesis, which is the best
stage for studying the frequency of ring-formed chromosomes. Thus,

211 of the anzlysis of this type of data was carried out on cells of
this stase. The freguencies of unequal bivalent, terminal and inter—
stitial chiasmata were measured at metaphase I because these characters
could be obzerved most clearly at this stage. During the diplotene,

the chromosomes usually show maximum chiasma frequency and each chromo-
some can be distinguished; chiasmata were thus most conveniently studied

during this phase.

As all tne chromosomal characters undergo some change during
the different stages of meiosis, the data presented for each character

apply only to the particular stages of development indicated above.
C. Results

1. Chronosone llumbers:

The chromosome numbers of the species studied are listed in

the folluving table (mn=mitotic metaphase; IT=neiotic metaphase I3

~.’

¥II=meiotic metepnrase II,.

Subfamily GCenus Species md =ng 138 BT}
Gryllinae Gryllus veletis 29,30,31 - 15,16 14,115,156
penngylvanicus 29 30 15 14,15
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{ sunfanily Genus Species mnéd e T8 118
Gryllinae Gryllus 2gsinilis 29 30 15 14,15
binaculatus 29 30 15 14,15
27,29 — variable variable
bermudensis 29 30 15 14,15
rubens 29 30 15 14415
campestris 29 - 15 14,15
firomus 29 30 15 14,15
Acheta domesticus 21 22 11 10,11
Gryllodes sigillatus 21 22 11 10,11
Scapsipedus marginatus 21 22 11 10,11
Melénogryllus desertus 21 - - -
Tartarogryllus burdigalensis 19 20 10 9,10
Hemobiinae Heonemobius palustris 19 20 10 9,10
Sp. near
mormonius 19 - 10 9,10
Allonemobius fasciatus 15 16 8,9 7,8,9
allardi 15 16 8 7,8
griseus
griseus 15 16 8 1,8
Eunemobiﬁs carolinus
carolinus 7 8 4 3,4
‘Hemobius' sp.? near
bivittatus 21 - 11 -

s R
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chromosomes at tae same pole as tae X chromosome (Tig. 25); (iv) two
supernumerary chromosomes, one at the opposite pole and one at the
same pole as the X caromosome (Fig. 26). Only 6 individuals (out of
20 studied) were without a supernunerary chromosome. Tae male diploid
number was 29 (g8=15) (Figs. 27a,b) in these individuals as previously
reported by Randell and ¥evan (1962). In some individuals (7 out of
20 studied), one or iwo supernunerary chromosomes occurred in some
cells but not in others, even of the same individual. During anaphase
I, the supernumerary ChATOmOSOmEsS, in some instances, moved to the same
pole as the X chromosome (about 42.9%), while in others, they moved

to tne opposite pole (about 49.77%) or remzined at the equator area
(7.4%) (Figs. 28a,b). At telophase I, the supernumerary chromosomes
eitner moved to the end of the poles or remained at the equatorial
plate. They formed small vesicles with a structure similar to that

of the X caromosome at interkinesis (Fige 29).

Polyploid cells (Fig. 30) and sticky bridges at anapiase T
(Fig. 31) occurred occasionally. All of the chromosones were homo~-
morphic (Fig. 32), no heteromorphic pair was observed. The frequencies
of tne chiasmata and ring-formed chromosomes are sunnarized in Tables

Ta,0d1,0011, Fig. 19%.

(2) G. pennsylvanicus

o supernumerary chronosome wWas observed in this species.
The diploid chromosone nunder was 29 in the male and 30 ih the fenmale.
There were only tiree acrocentric pairs (1,2 and 10); seven sudtelo-

contric pairs (5,6,748,9,12 and 13); two sudnetacentric pairs {4 and
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9); and two metacentric pairs {3 and 14}. The 7 chronosome was the
largest metacentric. The mean TCL was 147.45p, ranging fron 135.92p
to 158.56p. fTne fundanental nunmber was 50. The ratio X/LA was 2.63
and the averace length: of each chromosome was 5.08p {see Tables 7,IIT,
Pigs. 2,19,33).

All of the chromosomes were connected to each other and
closely aszociated with the nucleolus during early meiotic prophase
(Fig. 34). At metaphase I, a single unequal bivalent appeared in some
cells (about 30%, from 1( individuels) {(Fig. 35). 4 sticky bridge
configuration occurred in some of the anaphase I cells (Fig. 36). |
The frequencies of chiasmata and ring-formed chromosomes are summarized

in Tables XO,XTT,TIT, Fig. 194.

(3) G. assimilis
(a2) Antigua population:

The spermatcgonial complements showed 29 chromosomes, The
karyotype cons:isted of four acroceniric pairs (1,4,5 and 11); seven
subtelocentric pairs (2,3,6,7,8,9 and 10); one submetacentric pair
(12); and two metacentric pairs (13 and 14). The X chromosome was
the largest metacentric witnh an arm ratio of 1.12. The mean TCL was
156.01p, ranging froz= 141.68p to 178.40u. The fundanental number was
48. The ratio K/LA was 2.33 and the average length of eaci chromosone

vas 5.37p (see Tables I.IV, Figs. 3,19,37).

The size and tze shape of the spermatid (™73, 38a,b) and

of the early sperz (fig. 39) were guite different fron those of other
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Gryllus species deacribed previously. The sperpatids were almost
rectangle—snaped instead of oval- and spindle-shaped, as in otaer
Gryllus species. The X chromosome sometimes was cross—shaped instead
of V-ghaped at metapnase I (Fig. 40). lo heteromorphic chromosomne
occurred (Fig. 41). The frequencies of chiasnata and ring-formed
chromosomes are summarized in Tadbles Z(I,(II,XXIII, Fiz. 194.
(b) Jamaica population:

The morphology and behaviour of ithe chromosomes were similar

to those of the Antigua population, as expected. All of the chromo—

somes wWere homomorphic (Fig. 42). The freqguencies of chiasmata and

ring-formed chromosomes are sumerized in Tables KT, XX11,TXITI, Pig.

194.

(4) G. bimaculatus

(a) Azores population:

This species has the smallest—sized chromosomes acmongz the
Gryllus species studied, and tnere was very little difference in
length between each chromosome pair. The male diploid chromosone
nunber was 29. Tae karyoiype consisted of nine pairs of acrocentrics
(1,25354,6,7,8,10 and 13); five pairs of subdtelocentrics (559,11,12
and 14); and a metacentric X chronosonme. The mean 7ClL was 104.97n,
ranging from 95.84n to 114.32u. The fundamental number was 33. The
ratio /L4 was 2.34 and the averaje length of each chromosone wWas

3.59u (see Tebles I,V, Figs. 4,19,43}.

The nucleolus (1 or 2 in nuaber) was always found to de



1 aszocizted witih the X chronosome during meiotic prophase and they
renzined in tae nucleus until early diakiensis. 411 of the chromosomes
were nomoriorphic(Fig. 44). The snape of the early spermatid was tri-—
an;jular (Piz. 45) instead of oval -shaped as in most Gryllus species.

The frequencies of chiasmata and ring-formed chromosomes are sumnarized
in Tables LI ,XXII,XKIII, Fig. 194.
(v) Singapore population:
The population from 3ingapore survived through one genera-
tion only. Yo egg was produced by any female of the F1 offspring.

Cytological aberrations were observed in the F1 generation
and the chromosome number varied even within a single individual.

The male haploid chromosome numbers scored from 6 F1 individuals were

as follows:

chromosome number (n8) 13 14 15 16 17 18
no. of cells involved 6 100 110 54 28 2
per cent 2.0 33.3  36.7 18.0 9.3 0.7

The stickiness of the chromosomes in the F1 (Fig. 46) was much greater
than in the Azores population; the chromosomes of most of the cells
formed a2 mass, so that no detail could be observed. Other chromosomal
aberrations such as unecual segregation (Pig. 47), asynapsis, frapg-
mentation (Pig. 48), polyploid cells (Fig. 49), chromosomal bridges

at anaphese I (Fig. 50) and telopnase I {Piz. 51), multinuclei (Fig.
52) and lagging chromosones at telophase I (?ig. 53) were observed in

the F, male offspring. The ?1 fenmale offspring showed abnormal oopge-

1

('§ nesis and nad only sterile ovaries.

AR
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£, Mo neles from the parent generation were 21so studied.
lfore than hal?f of the cells /alxout 68.74) had 2 diploid chronosone

nunver of 27 (n8=14) instead of the normal numver 29. jichromatic

centric; those of pairs 3,5,6,7,3,9 and 11 were subtelocentric; the

The ¥ chronosone was the only metacentric, The mean TWT was 145.44n,

ranging from 120.72p +o 183.04p. The fundamentzal number was 18, The

O
)

ratio X/L4 was 3.10 and the average lenzth of eoc!

5.10p {see Tadles I,TI, Tics. 5,19,55).

At anaphase T, the X chromosome hod 2 cross-chzped arrearance

(i, 56). "o hete~amorphic nccurred

autosones had noved to the poles
(Piz. 57}, out polyrloid cells were obzerved occagionally (™, 520,

The frequencies of chiasnata znd ring-formed chromosomes are sunrarized

in '?ables .(.\i’.\.,«IGI’:C'._II, :“ic- 1940

’

{6) G. rubens

The nale diploid nunher wag 2% in this species, The korvo-
tyre consisted of seven acrocentiric pairs (1,2,5,6,7,2 and 115 4twco
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largest metaccntric wit: an arm ratio of 1.19. The mean TCL was
120.17n, ranging from 110.80m to 130.72pn. The fundamental number was
42. Thne ratio X/LA was 2.65 and the average length of each chromosome

was 4.14p (see Tables I,VII, Figs. 6,19,59).

The sticky substance which formed tae interbivalent connec-
tions was very pronounced in this species. It was found to occur not
only at prophase I, but was also observed at metaphase I (Fig. 60).
In some cases, a non-nomologous association occurred, involving the
centric end of one bivalent and tne non-centric ernd of another (Fig.
61). The phenomenon was quite unusual in the 'normal' (laboratory)
population, although the interbivalent connection was found to be a
caromosomal abnormality frcquently produced by cienmical or radiation
treatnents {as described later in Chapters III and IV). Achromatic
saps and, occasionally, chromosome breaks.were observed at metaphase
I (Pig. 62). Sticky bridges (in about 7.6% of tne cells) occurred

at anaprase T and telophase I {®ig. 63). One or two heteromorphic

rin

[o N

vy

bivalents occurred (Fig. 62). The frequencies of chiasmata zn
\

L)\—

~
.

fornmed chromosones are sunmarized in Tabdbles I, XIT,7ITI, Fip. 194.

b
¢

(7) G. canpestris
Two specinens collected in the field some 15 ko 7. E. of
3udapest, Iungary ( and sudsequently transferred to tihe inzect house
at the 3udapest zoological park before itransmitial to Tanada) were
studied, The nale diploid cihromosome nunder was 22, as reported for
tae species by Chmachi {1922,1935). There was very little variation

in length between cdifferent pairs of autosonmes, and nost of tae
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chromosomes were rod—saaped. The karyot;pe consisted of nine acro-
centric pairs (1,2,3,4,5,6,7,9 and 12); toree subtelocentric pairs
(8,10 and 11); one submetacentric pair (13); a2nd one metacentric pair
(14). The X chromosome was nmetacentric with a secondary constriction
on the proximal end of the short arm. The mean TCL was 119.33p,
ranzing from 96.56p to 137.36u. The fundamental number was 38. The
ratio K/LA was 2.64 and the averaze length of each chromosome was

4.11p (see Tables I,VIII, Figs. 7,19,64).

The chromosome mass of the two individuals studied was
extraordinarily abnormal. The caromosomal abnornalities included:
breaks (Fig. 65), anaphase bridge (Fig. 66), stickiness (Fig. 67),
c-mitosis (®ig. 68), polyploidy (Fig. 69), numerous univalents (Fig.
70), lagging chromosomes (Pig. T1), non-disjunction (Fig. 72) and
unequal sezregation (Fig. 73). Tre frequency of the abnormalities
is recorded in Tadle IX. The degree of stickiness varied from a few
light staining thread-like connections between bivalents forming a
pseudomil tivalent (Fig. 74), to a2 condition in which all the chromo-
sones were clumped into a large dense nass (®ig. 75) or a few small
mass groups (Fig. 76). 41l cells were polyploid or showed chromosomal
abnormality in soame testicular follicles (Pig. 77) in one of the in-
dividuals. The chromosomal abnormzlities in the scanty material
studied for tnis species were similar to those produced by chemical

treatnent, especially by phenol compounds (see Chapter III).

(8) Eo firmus

The male diploid chromosome nunber was determined as 29, but
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no study of the details of the chromosome structures was nade.

(9) Gryllus bybrids

Iybrids between geveral species of Gryllus vere studied
cytologically by Randell and Kevan (1962) and various abnormalities
in the chromosomes were described. lo effort was made, therefore,
to duplicate the particular crosses already made by these authors,
but, since the present work is largely concerned witnh caromosomal
abnormalities, numerous and repeated attempts were made'to produce
hyorids from otiher crosses between available species. lone of these
hybridization experiments was successful and no progeny (and, there-
fore, no cytolgoical nzterial for the present study) was obtained,
although some interspecific pairing occurred in some cases and ovi-
position of infertile eggs sometimes occurred. Thus, although the
production of hybrids from severzl different crosses between Gryllus
gpecies is possible (see pp. 18 and 19), other species seen to be
penetically incompatible.

The following were the unsuccessful crosses attempted:

G. bimaculatus, female X C. veletis, malej G. veletis, female X G.

bimaculatus, male; G. agsimilis, female X G. bermudensis, malej G.

bimaculatus, femzle X G. assimilis, male; G. bermudensis, female X

G. assimilis, m2lej C. bermudensis, femzle X G. bimaculatus, nale.

ii. Genus Acneila

A. domesticus

™wenty-one chronosomes were counted in speroatogonizal

36.
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metaprase. Toe karyotype consisted of four acrocentric pairs (1,2,

!

4 and 5); one subtelocentric pair (3); two subuetacentric pairs (6

and 8); three metacentric peirs (7,9 and 10) plus the largest of the
metacentric ciromosomes, the X cihromosome. The mean TCL was 110.84u,
rancing from 88.64p to 129.36p. Tae fundamental number was 32. The
ratio X/LA was 2.94 and the average length of eacn chromosone Was
5.27u (see Tables I,X, Figs. 8,19,78).

4t diakinesis, the X chromosome still remained mass-siruc-
tured and deep~stazined as in the earlier prophase. Therefore, the
chiasma frequency in this species was meagured only from tie autosonmes
and ercluded the X chromosome. All chromoscmes were nomamorphic (Fiz.

79). Tae frequencies of chiasnata and ring-formed chromosomes are

sunnarized in Tables XXT,XXII,XXIII, Fig. 194.

iii, Cenus Gryllodes
G. sigillatus
The male diploid chromosome number wWas 21. Ten pairs of
autosomes and e single metacentric X caromosome were obzerved. Pairs
1,2,5,8 and 10 were short to long acrocentrics; pairs 3,4,6,7 and 9
were subtelocentrics; no submetacentric or netacentric autosome
occurred. The mean TCL was 100.56p, rancing from 86.56u to 113.36q.
The fundamertal number was 32. Tae ratio X/Ls was 3.10 and the average

length of each chromosome was 4.78p (see Tables I,XI, Figs. 9,19,30).

A single unequal bivalent occurred in metaphase I (Fiz. 81),

and achromatic geps appeared in some cells (”ig. 81). 4n Z-bridge
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was observed in some anaphase cclls (Mig. 82). The shape of the early
spermatids was quite different from otaer species (Fiz. 83), more or
less semi—-circular, half being deep-staining and half ligat-staining.
Some early spermatids had a2 concave surface. Tuae late spermatids

were elongated with a sma2ll triangular or oval-shaped, deep staining,
apical structure, which was separated from the main body and later
disappeared (Figs. 84,85). The frequencies of cniasmata and ring-

formed chromosomes are sumnarized in Tables KXT,XXIT,XXIIT, Fig. 194.

iv. Cenus Scapsipedus

S. marginatus
The male diploid chromosome number was 21. The karyotype
consisted of taree acrocentric pairs (1,3 and 4); two subtelocentric
pairs (2 and 5); two submetacentric pairs (6 and 8); and four meta-
centric pairs (7,9,10 and tre X chromosome). The mean TCL was 134.92p,
ranging from 108.83p to 160.00p. The fundamental nunber was 34. The
ratio X/LA was 2.19 and the averace length of each chromosome was

6.42u (see Tables I,XII, Figs. 10,19,86).

The cells were mainly homomorphic{™ig. 87), but in a few,
(about 6.1% from 20 individuals), single urequal bivalent occurred
(Fig. 88). This wasf&symmetric unequal bdivalent, i.c., seteromorpnic
peir with different centronere positions. This might tave been an
occurrence of abnormal segrezation of the bivalent. Achromatic gaps
occurred occasionally (Fig. 89). Tae frequencies of chiasmata and
ring-formed chromosones are summarized in Tables I, TCI, 01T, Fig.

194.
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v. Genus lelanogryllus

¥, desertus

Only one male specimen was studied in order to confirm the
chromosome number found by Brunelli (1909). The karyotype and the
idiogran of this species were a2lso studied. 3Brunelli (1909) reported
only the spermatogonial number as 21; he neither described nor figured

the shape and size of the chromosomes.

In the specimen examined, 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 metacentric pair (10).

The X chromosome was metacentiric with an arm ratio of 1.15. The mean
TCL was 145.10p, ranging from 135.60p to 156.08p. The fundamental
number was 34. The ratio X/LA was 1.89 and the average length of

each chromosome was 6.90p (see Tables I,XIII, Figs. 11,19,90).

3ecause only a younger—instar nympnh was studied, noc meiotic

division was observed.

vi. Genus Tartarogryllus

T. burdigalensis

The spermatogonial complement was found to be 19 in this
species. Tne karyotiype consisted of three acrocentric pairs (1,3 and
6); three subtelocentric pairs (2,4 and 5); one submetacentrié pair
(7); two metacentric pairs (8 anc 9); and the largeat, 2 metacentiric
X chromogome. The mean TCL was 124.98u, ranging from 107.76u to 137.84u.

The fundanental nunber was 30. The ratio %/L4 was 1.71 and the average
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length of each caromosome wWas 6.57Tn (see Tavles I,XIV, Pigs. 12,19,
91).

The X chromosome formed a dense mass throughout meiotic
propnase (Fig. 92). Therefore, no detail of chiasma frequency in the
4 chromosome was measured. A single uncqual bivalent and achromatic
saps occurred in some retaphase I cells (Pig. 93). i:ree or four
ring-formed chromosomes usually occurred in diskinesis (Fig. 94).

The frequencies of chiasmata and ring-formed chromosomes are sum—

narized in Tables O, I,XXIII, Fig. 194.
b. Subfanmily lemoviinae

i. Genus ileonemobius

(1) ¥. palustris

The male diploid chromosome number was 19, and all autosomes
were acroccntrics. The X chromosoxne was metacerntric with: a large
1i;it-staining heterociiromatin region 2t the end of each arm. The
nmean TCL was 97.92n, ranging from 30.76p to 132.60u. The fundanental
nunder was 18. The ratic K/LA was 2.29 and the average length of each
chromosone was 5.15u (see Tables I,iV, Fizs. 13,19,95).

Durins meiotic division, the two armz ol tie X cl:romosome

were associated with eacl: other to form a2 tiick irresular mass, one

matin (Pig. 96). A single or doudble bridge occurred at anaphasge I
and II (Fig. 97); dridges also occurred at telophase I, II (Pig. 98]

and ermatoonial anaphasa., The frequency of chiromosonnl bdridgec
[ o “



%% bridzes

Stages No brid; e One bridge T™wo bridges
anaphase I 5273 40,00 T.27
anaphase II 89.13 10.87 -
teloprase I 79.91 19,16 0;93
telophase IT 30.49 19.51 -

A single unequal bivalent occurred in many cells (adout 58.417) (Fig.
99) and achromatic gaps were observed in a few (2.777%) (Fig. 100).

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

found in the genera Allonemobius and Bunemobius. 0f 12 individuals

studied, the testes of 10 individuals appeared 2s in Fiz. 131c, and j
only 2 individuals as in Fig. 131b. The frequencies of chiasmata and
ring-formed caromosomes are summarized in Tables ZT,XXIT,XIII,

Mige. 194.

cr bes Vit a or (e P 5 AN Lm osd ot T v LP e b nd

(2) L. sp. near mormonius

In this species, the male diploid chromosome number was 19,
the same as i. palusiris. Tae karyotype could be distinguished from
that of the latter species by the presence of a2 very large pair of
V-shaped autosomes. The species showed the greatest chromosome mass
among the species of lYemobiinae so far studied. The karyotype con-
sisted of seven acrocentric pairs {( 1 to 7); one subtelocentric pair
(8); and one metacentric peir (9). Tae X ckhromosome was metacentric
wite more than ralf of its length showing light-staining heterochromatin, §

The mean TCL was 120.76p, renging from 101.60u to 138.10u. The
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fundamental number was 22, The ratio X/LA was 1.31 and the average
length of each chromosome was 6.35p (see Tables I,XVI, Tigs. 14,19,

101).

The structure and behaviour of the X chromosome Weresinilar
to thoseof the X chromosome of li. palustris, i.e., it showed partly
heterochromatin and partly euchromatin during meiotic division., A
giant nucleolus, which was not observed in the previous species,
occurred at early prophase I (Fig. 102). The two arms of the X
charomosome were associated with each other to form an irregular mass
at metaphase I (Fig. 103) and sometimes it formed a sticky bridge at
anaphase II. Achromatic gaps occurred in some cells (about 20.77%)
(g. 104) and chromoson:l breaks (Mige. 105) were observed occasio—
nally in others (6.02%). Chromosonal bridges were encounted at ana-
phase I and II (Fig. 106) and telophase I. The frequency of bridges

was as follows:

°5 bridges

Stages Ho bridge One bridge Two bridges Three bridges
anaphase I 65.72 22.86 571 571
anaphase IT 93,11 6.89 - -
telophase I 92.31 7.69 - -

The shape of the testis (Fig. 131d) was different from that
found in N. palustiris, being more or less bell-shaped and very small
{epproximately 1.0-1.5 n= in leng;th), one testis being bizrer tharn
the other in each of two individuals studied. The freguencies of

chiasmota and ring-formed chromosones are sunterized in Tadles 7T,

vt
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IFIT, XTI, Tige 194.

ii. Qenus Allonenobius

(1) i. fasciatus

The male diploid chromosome number was 15. Seven pairs of
acroceniric autoscmes and a2 single metacentfic X chromosome were
obgserved. The mean TCL was 73.42u, rangins Irom 67.32p to 84.12n.
The fundamental number was 14. The ratio X/LA was 2.20 and the
average length of each chromosome wWas 4.89n (see Tables I,XVII, Figs.

15,19,107).

The X chromosome nad two short segments of light—staining
neterochromatin at tze end of each arm (Fig. 107). During early
meiotic prophase, tne X chromosome appeared thicker and shorter, as

compared with other species of Allonemobius, and took on a ring-form,

or Wwas J-snaped or broken into pieces (Pig. 108). 3Some individuals

(2 out of 12 studied) had an exira small univalent in some cells,
waich stayed apart from the other bivalents atl nmetaphase I (Pig. 109),
and showed positive heteropycnosis similar to the X chromosome during
early prophase I. Translocation bivalents occurred in some cells
(®ig. 110). Sticky oridges occurred occasionally (M7, 111)., Zach
testis was in the form of a drawn—out and contorted 3 or mignt he
described as havin; a mustache-like appearance {lenzgtn approximately
4e5=5.0 am) (Fig. 131e). The frequencies of ciiasmata and ring-formed

chromosomes are swimarized in Tables XXI,70II,X(II1I, ig. 194.
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(2) A. allardi

The male diploid chromosome number was 15. The karyotype
consisted of six rod-shaped pairs and one sphere-~shaped pair of auto-
somes, and the X chromosome was metacentric with some light-staining
heterochromatin regions at the end of each arm. The mean TCL was
74.40u, ranging from 69.08p to 83.48u. The fundamental number was
14. The ratio X/Lﬁ wag 2.33 and the average length of eacn chromo—

gome Was 4.96p (sec Tables I,XVIII, Figs. 16,19,112).

The X chromosome appeared as a long, slender thread, usually
ring-formed in shape, at early meiolic propaase (Fig. 113). It always
moved to the pole more slowly than the autosomes at anaphase I and
sometimes formed a diceniric bridge at anaphase II (Fig. 114). The
nucleolus was always associated with the largest autosome. One, two
or three DNA bodies occurred in some cells (Figs. 115,116). 4 single
translocation bivalent occurred in some metaphase I cells (Fig. 116)
and achromatic gaps occurred occasionally (Fig. 117). The shape of
the testis (Pig. 131f) was similar to that of 4. fasciatus but smaller
(approximately 2.5-3.0 mn in length, from 14 individu2ls). The fre-
quencies of chiasmata and ring-formed ciiromosomes are sumnarized in

Tables XXI,XXII,XXIII, Fig. 194.

(3) A. griseus griseus

The male diploid chromosome number was 15. 4ll of the auto-
somes were acrocentrics, the largest autosome with an extra small dot-

like piece attached to tre minor arm as a satellite chromosome. The
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% chromosome was metacentric wita three short light-staining hetero-
chromatin segments at the end of eacl: arm. The Zean TCL was 92.80y,
ranzing from 82.48n to 107.68p. The fundamental number was 16. The
ratio X/LA was 1.95 and the average length of eacna chromosome was

6.15n (see Tables I,XIX, Fizs. 17,19,118).

In early meiotic prophase, the X chromosome usually appeared
ring-formed, as a figure-8, or as a U- or J-shaped body (Fig. 119).
It formed a ring or a thick V-shaped body at metaphase T and IIT (Figs.
120a,b), and usually moved to the pole more slowly at anaphase IT than
did the autosomes (Fig. 121). The nucleolus usually stayed apart fron
the autosomes, but it sometimes became associated with one of the
medium—size autosomes. A translocation bivalent (the largest auto-
some) was readily detected in most of the cells of metaphase I (Pigs.
122a,b)., Tae small translocation piece could also be observed in
gpermatogonial metaphase and other siazes of meiotic division, but
not so clearly as in netapkase I. Achromatic gaps occurred occasio-
nally in some cells. Chromosomal bridres apreared in anaphase TI
(about 31.5% of the cells with chromosonal sridges, from 12 indivi-
duzls) (Fi_s. 123). The testis (Fig. 131z) was of a shape sinilar to

y the previous two species, and was approximately 3.5 nm

®

that found i

in lensth., The freguencies of chiasneta and rins-formed chromosones

rryTT

are summarized in Tables XAI, 0TI, CIII, Tig. 194.

iii. Genus Sunenodiug

2, carclinus carolinus

Tais species nas the lowest chrozosone nunber reported in

TR s ST T
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Orthoptera, the male diploid chromosome number being only 7. All of
the autosomes were metacentrics and the largeét'autosome had a secon-
dary constriction on the proximal end of tahe long arm. The X chrono-
some was submetacentric with an arm ratio of 1.41, and there were
some lignt-staining heterochromatin segments distributed over each
arm. The total length of the X curomosome was shorter than that of
the largest autosome. The mean TCL was 89.21u, ranging from 84 .56p
to 93.20p. The fundamental nunber was 12. The ratio X/LA was 0.97
and the average length of each chromosome was 12.74p (see Tables I,

XX, Figs. 18,19,124).

The X chromosome differZed from that observed in other
nenobiine species stuaied and appeared as a dense mass at early
meiotic prophase (Fig. 125). It was not possible, therefore, to
measure chiasma frequency on the X chromosome at diplotene. Poly-
ploid cells occurred (ig. 126), and an unequal bivalent was obgerved
in some cells at metaphase I (Fig. 127). The testes were elongated,
and the acute end directed posteriorly (Fig. 131h); they were appro-
ximately 3.5mm long. Dach testis consisted of 6 testicular follicles
only. The frequencies of chiasmata and ring-formed chromosomes are

sumnarized in Tables XXI,XXII,XXIII, Fig. 194.

iv. Genus 'liemobius'

‘N. sp.? near bivittatus'

Three acetic—alcohol pre-fixed specimens collected at Yaikoura,

South Island, New Zealand (two males and ome female, penultimate-instar

nympas), were received from Dr. P.M. Joans, Caristchurch, Hew Zealand.
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Because of poor fixation, only some testis cells of one male indivi-
dual could be studied cytologically. Trom these cells, the chronmo—

some number of this undescribed species of 'gpmobius' (:Pteronemobius

sp. of Johns (1970) — see footnote, p. 23) was established as being
2p8=21; né=11. All of the chromosomes were homozygous at metaphase
I (Pig. 128). Uo further details of the chromosomes could be deter—
mined. The shape of the testis is shown in Fige 131i. The result

was, however, of great interest as the number of chromosomes is the

highest known for Hemobiinae.

D, Discussion

1. Chronosome llumbers:

fiarvey (1917,1920) suggested that the most frequently occur—
ring caromosome number in a group might be called the "type number".
mhis was considered to be the ancestral number for the group, the
other numbers occurring in the same group being derived from it.
W#nite (1954), however, pointed out that there was no reason to believe
that the comnonest number was prinmitive or ancestral for a group, and
he suggested substituting the term "model number", with no such special
implication, a2s being 2 more éuitable term., The model number for some
Orthoptera is, for example, 2p6=23 in Acrididae, s.str. ({mite, 1954,
1957a), 2p8=19 in tue acridoid families Pyrgomorpaidae and Pamphacidae
(\hite,1954; Yakino,1956), and 2p8=13 in Tetrigidae (Rodertson, 1316,
1930; Rayburn,1917; ilarman, 1920; Yabours and Robertson,1233; Misra,
1937; White,19512,1954). In Diptera, two exanmples are: 2n/88)=12 in

Scatophegidae (Boyes,1965) and 2n(88)=10 in the genus Zylota (3yrphidae}
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(Boyes ané Van 3rink,1964). 1In Gryllidae, it is scarcely possibdle
to consider a model number for the whole family because the chromo—
somes show wide variation in number between genera, although it is
interesting to note that the commonest number in the fryllinae, 2pnd=
21, i3z also the nighest number in the emobiinae. It is, however,
possible to indicate generic model numbers, for most of the genera
whicn have been studied are virtually homogeneous in this respect,

with few exceptions (e.;., Pteronemobius, which, in any event appears

to be polyphyletic, see pp. 10 and 11).

2. Cytotaxonomy: .

a. ¥Yaryotypes

i. Gryllinae

In the genus Gryllus, ti.e chromosome number shows great

stability, 211 the species studied having a male diploid number of

29, except for some individuals of G. veletis having supernrumerary
chromosomes, in which it was found to be 30 or 31, Chromosome number ;
alone thus throws little light on the taxonomy of this senus other

than to support the current concept of its limits. The e are, however,
extensive differences between the species in karyoi;,pic and other

chromosonal characte~s, such as tie occurrence of rinp-formed clrono-

somes and chiasmata { see Tables XXI,X¥I7,77IIT, Fiz. 194).

[N

Gryllus veletis, G. bimaculzatus [izores population’® znd G.

» —

campestris all showed sinilarity in karyoiype, in that most of thre

autosones were acrocentrics and subtelocentrics; tae fundamental i
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numbers in taese three species, also, were the lowest in the genus.

Lae

The karyotypes of (. assimilis, G. pennsylvanicus, G. bermudensis and

G. rubens differred from those of the foregoing three species, but

nad certain features in common with each oiher: the chromosome nass
consisted of a few acrocentrics, subtelocentrics, submetacentrics and
metacentrics. Tne species studied thus fall into two cytologically
distinguishable groups. However, in spite of similarities within
groups, either no offspring or only sterile F1 offspring were produced
when crosses were made between species, even within one or tne other
group (Cousin,1933,1946,1954a,b,1955; Bigelow,1960; Randell and ¥evan,
19623 see also p. 36). It is thus clear trhat significant structural
changes have taken place in the chromosomes during the evolution of
these species, although the changes have not led to any alteration

in the basic chromosome number.

The biological significance of any chromosomal rearrange-
ment is reflected in its adaptative value and in the possible pro-
duction of cytological isolating mechanisms between two karyotypically
different populations of the same genus. 3Such isolating mechanisms
are of great importance in the process of speciation. Thus, the
northern spring cricket, G. veletis, and the fall cricket, G. pennsyl-
vanicus, waich are sympatric in their distribution over much of eastiern
and central Yorth America, are reproductively isolated in spite of
their almost identical external morphology and song patterms. The
two species are karyotypically distinguishable {they belong to different

groups, 666 above), and, in addition, the clhromosone number sometines
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differs between them because of the occurrence in G. veletis of one
or two supernumerary chromosones, which have not been observed in

G. pennsylvanicus (or in otaer species). The chromosome number of

G. veletis (2s in other Gryllus species) is bpasically 2p8=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 well have some 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 3Bigelow,1960).

The differences in chromosome number (in some instances)

and in karyotype indicate that reproductive isolation between G.

veletis and G. pennsylvanicus is largely genetically based and not
necessarily due primarily to a seasonal isolation of adults, as be-~
lieved by Alexander and Bigelow (1960). Cytological evidence thus
weakens these autnors' hypothesis of sympatric "allocnronic specia-
tion" in the two species. In this regard, it may also be noted that,

although G. veletis and G. pennsylvanicus are virtually indistinguish-

able, either by their external morpnology or by their song patterns,

there are greater differences between their concealed male genitalia
than there are oetween the phallic structures of either species and
those of certain otner members of the genus (R.L. Randell, unpublished).

it is, therefore, quite possible tnat GC. pennsylvanicus and G. veletis
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evolved allopatrically in the more usual manner (¥2yr,1966), their
various reproductively isolating mechanisnms becoming more strongly

developed as a response to suosequent sympatry.

Present cytological studies have also indicated that the

two populations of "G. bimaculatus" examined, one from Azores and

one from 3ingapore, are quite different and sikould probably be con-
sidered as belonging to two different species, altnough they are very
gimilar in their extermal features. This would seem to be a situa-

tion similar to that of the populations of "Acheta domesticus" studied

by Ghouri and McFarlane (1957). In that case, although the Pakistani
and Canadian populations were both assumed to be i. domesticus and
were apparently similar in external features, tiey were reproductively
isolated. They are now known to belong to two distinct species, the
Pekistani population being referable to A. hispanicus (dr. A.3.Y7.

Chouri, personal communication,1970).

The F1 generation of the Singapore population of "G. bima-
culatus" showed many chromosomal aberrations and produced no offapring.
Unfortunately, it was not possible to attempt to cross the lingapore
and Azores populations, so that the decree of biological divergence
vetween toem remains unknown. The loss of both fertility and ability
to survive by the 3ingapore population was clearly a result of caromo—
somal atnormalities. The reason for these abnormalities is unimown.
Changes in environmental conditions directly, as between the field
and the laboratory, or an jinherent inability to adapt to sucn changes,

may have had some adverse effect on the chromosomes. As changes in
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the environment (see Chapter III) can induce cytological abnormalities,
it would not seem unreasonable to suppose that other less drastic

changes could also have this effect.

Gryllus campestiris was studied cytologically by Chnrachi

(1929,1935). e reported no chromosomal abnormality, but the scanty
materiazl of this species investigated in the present work showed major
abnormality of the caromosomes. he cytological study was conducted
using only two mele nymphs that had been collected in the field (these,
and a female which died, were the only survivors of 2 small consign-
ment sent from ilungary by Dr. 3. liagy of 3udapest). The numerous
chromosomal abnormalities, including brezks, stickiness, c-mitosis,
polyploidy, lagging, unequal segregation and non—-disjunction, were
gsimilar to those induced in other species by chemicals and radiation
(sec Chapters III and IV), but the decree and frequency of these aber-
rati&ns were muca greater in these field-collected G. campestris.
The specimens were originally captured (23 immature nymphs) in a rough
pasture on ®ét-Somlyé Eill, 15 kn norta-east of Budapest, and then
transferred to the insect house of the 3Budapest zoological park. Tuey
were received at our laboratory in late Septenber, 1970. The duration
of their sojurmin the insect house in 3udapest is not known but pre-
sumably was short.

3ecause the itypes of crromosomal aderrationsg found in f.
cgggestris were very similar to trose proiuced %y prerolic cozpounds
{gee Chapter IIT}, one may pernaps 23Mine s a4 ~pterials containir

phenols or sinilar chemicals were present in diginfectants used in
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the zoo, and that the specimens may nave been affected by these when
they were kept in tne insect house. HZowever, as the specimens were
collected very late in the year, the possibility of some other adverse
ecological factors being involved cannot be ruled out. According to
Dr. Nagy (Eﬂ.l£3£°’1970)’ the field from waich the nymphs were ori-

ginally collected has no known history of chemical treatment.

Although chromosome number has no taxonomic value between

the following four genera: Acheta, Gryllodes, Scapsipedus and lelano-

1lus, all having male diploid number of 21, the karyotypes and
other cytological characters showed remarkable differences (see Tables
T,XXI,XXII,XXI11, Pigs. 19,194). 5. marginatus showed more similarity,
on the bagisof karyotype, to A. domesticus and 4. 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 chromosone number reported by Lim et al.

(1969), Fontana and ilogan (1969) and Lim (1970) was 2pg8=27, but 2p%=

29 according to Leroy (22. gii.). 7t is difficult to suggcest a reason
for the discrepancy in the chromosome nunbers reported by different
workers for the same species, because Leroy (op. cit.) recorded the
chromosome number only and no detail of tne caromosome structure.

ilere mignt, however, conceivably have been situations sinilar to tnat
found in G. veletis (see p. 50); i.e., the discrepancy nisat be accounted
for by the occurrence of supernumerary CIrozosones. Leroy's (1967)
report of 2p6=19, rather than 25-23, for the type species of Teleo~

gryllus (2. Egsticus), nowever, cannot be explained in these terms, angd,
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if correct, would alter the present concépt of that genus (see p. 8).

ii., lemobiinae

The three genera Heonemobius, Allonemobius and Bunemobius

showed rather more uniform karyotypes than did genera of the sub—~

family Gryllinae. Tae first two genera, except for Neonemobius sp.

near mormonius, all nad acrocentric autosones, the X chromosome
being the largest metacentiric with a light—-staining heterochromatin
region on each arm. All of the autosomes were metacentric and the
X caoromosome was a medium—-sized submetacentric with, in Hunemobius,
some light-staining heterochromatin regions distributed on each arm.
The undescribed 'Nemobius' sp. from liew Zealand nad the highest chromo-
gome number in the subfamily lemobiinae, 2p8=21, and bunemobius the
lowest, 2pd=7, wnich is also the lowest chromosome number reported
in Ortnoptera.

The lesser chromosome numbers may be due to a past aistory

of centric fusion in the group. This may be postulated because, at

greater chromosome numbers, as in leonemobius (2g8=19), all of the

autosomes (except in H. sp. near mormonius) are acrocentrics, whereas
some metacentrics occur with somewhat decreased chromosome numbers,
and all the autosomes are metacentrics in Eunemobius, in which the
caromosome number is greatly reduced (2p8=7). Davenport (unpublished,
1960) also pointed out +hat "the acrocentrics probably went tarough

a confusion-pericentric inversion-fusion cycle to produce the meta-
centric autosome of the Eunemobius". 3Since few species of liemobiinae
have so far been studied cytologically, intermediate forms of karyo—

types (includings chromosome numbers completing the, at present,



incompiete alternating geries) may be exzpected to occur. According
to the theory of downward evolutionary change of chromosome numders
for the Memobiinae (Davenport,unpublished,1960), the undescribed
17emobius' sp. would have the most primitive chromosome number for
this subfamily. This would not be out of keeping with the occurrence
of tne species in llew Zealand, where many primitive representatives
of different animal groups are found. The species is clearly not a
true Jemobius, as the caromosome number for that genus is 2p6=17
{Lim,1971).

Karyotypic characters, chromosome number, differing struc-
ture of tze X chromosome and other caromosome structures give added

weight to the morphological characters indicating that lYeonemobius,

Allonemobius and Bunemobius must be rezarded as belonging to different

senera (Vickery and Johnstone, 1970), not subgenera of the genus Yemo~
bius as proposed by Hebard (1913) and accepted by Daven_port (unpu-

blished,1960).

In lieonemobius, the karyotypes of L. palustris and H. sp.

near mormonius, were distirct from each other, the former species
naving all acrocentric autosonmes, whereas, in tne latter, there were
a large metacentric and a subtelocentric in addition to tne remaining
acrocentric autosomes. The shape and size of the testes and the body
size were also different between these two species. Tne chromosone
number, structure andé behaviour of the X chromosome, however, indicated
that these two species probably indeed velong to the sanme genus. It

is expected that the texonomic position of . sp. near mormonius will
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be confirmed shortly by the combined study of morphological, acous-—
tical and otaer characters by Dr. T.J. WJalker, University of Florida.
Tn other ITemobiinae, the literature reports widely differing

caromosome nunbers in Pteronemobius and Homonemobius (Chmachi, 1935,

19583 Bhattacharjee and #anna,1967), clearly indicating that these
t#o genera, as at present constituted, are heterogeneous. It is,un-
fortunately, not yet possible to assign a chromosome number to the

genus Pteronemobius, sS.str., as the type species, P. tartarus Saussure,

1874 (a junior synonym of P. concolor (¥alker,1871)), has not yet been
cytolgoically jnvestigated. However, according to Dr. V.R. Yickery
(personal commwmnication,1970), this species, on morphological grounds,

is definitely not congeneric with "Pteronemobius® fascipes (Yalker),

of which the mele diploid chromosome number is 17 (Chmachi,1927,1935,
19583 Tateishi,1932; Bhattacharjee and anna, 1967). It would there-

fore seem unlikely that Pteronemobius, s.str., has the same number.

. Other characters

The sex—determining mechanism is not identical througnout
the Grylloidea, but in 211 the species of Gryllidae presently studied
it was found to be of ithe X0§-X1§ type. The struciure, behaviour and
nmorpihology of the X chromosone are Very uniforn throughout the sub-
family Gryllinae {(Pirs. 1302,b), but renarrable differences were found

anonc the three genera of tne subfanily Yemobiinae (g3, 125,130¢,4,

N,

e,f,c,h) (see pp. O to 45

The shape of ine testis shows 2 gimilar situztion. The

tesgtes are heart-shaped with the acute end directed posteriorly in
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all species of Gryllinaze studied (Fig. 131a), but they vary in shape

and size between different genera, and, in Neonemobius even between
[ 3 b

species of the same genus (Figs. 131%,c,d,e,f,5,h,i).

Thus, in addition to cnromosome number and other karyotypic
cnaracters, the structure of the Y chromosome and the shape of the
testis have taxonomic significance. lembers of the subfamily Nemo-—
biinae, in all these respects, seem to have been nmore divergent than
those of the subfamily Gryllinae during the process of evolution,
although karyotypic analyses present a converse picture (i.e. unifornm
karyotypes were observed in the subfamily liemobiinae compared with
variable karyoiypes occurring in the subfamily Cryllinae). On the
basis of cytological, norphological and ecological evidence, it is
clear that these two subfamilies have moved alons quite different
evolutionary pathways. 1o straight phylogenetic parallels can be

drawn between them.

3. Supernumerary Chromosomes:

-The chronosome complements of some plant and animal nuclei
contain, in addition to the normal chromosone sets, one or more super—
numerary, or accessory, or '3' chromosones, and these have been found

in Gryllus veletis(see pp. 28 and 29). The origin and rature of

supernumerary chromosones are entirely unlmown, except in a few species.
Such chromosones are not homologous with any of the normal chromosomes.
They are often smaller and may be present in some individuzls of a
species or population but not in others. They often vary in nmumber

among individuals of a population in which they occur, Or even anong
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cells of a sihgle organism. The usual number of supernuperaries in
a nucleus is one or two, although greater nunbe:’s are known. Super—
numerary Chromosomes are much more common in plants than among ani-
mals, but Hhite (1954) reported their occurrence in 52 species of

jnvertebrates: 2 species of flatworm and 50 insect species, of which

nearly 60 per cent. (29 species) were short-horned grasshoppers (scri-
doidea).

It is usually impossible to tell from its external appea-—
rance (phenotype) whether or not a particular individual carries
supernumerary chromosomes, OT their presence may be exvressed only
in various subtle ways which are difficult to detect, although there
are some exceptions. Hevertheless, 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 mealy-bug (Pseudococcus obscurus Essig),

for exanple, are harmful to the development of these insects, es—
pecially the males (lur,1962,1966a,b,1969). 1In this regard, Ostergren
(1947) postulated that supernumerary chromosones might be, in effect,
parasites possessing genes for their own survival. White (1954),
however, believed that they were adaptative for the natural conditions
under which they developed and that they might play a part in evolu-

tion.

During the present study, supernumerary chronosomes were

demonstrated for tne first time in a grylline cricket (Gryllus veletia)

ané a supernunerary-like chromosome wags also found in sone cells of




a few individuals of the nemobiine Allonemobius fasciatus. Their

resence or absence, however, did not seem to affect the appearance
3 b &L

of the individuals in any noticable manner. Some individuals of G.

veletis possessing supernumerary chromosomes were, indeed, larger

than those without such chromosomes, but the differences were not
constant. Jobin (unpublished,1961), in a study of the develofment
of the nymphs of four Gryllus species, showed, in fact, that indivi-
duals of southern populations of G. veletis noulted nore frecuently
and were larger than those of northern populations, but there is, as
yet, no evidence ti:at the former are more prone t0 possess supernu-
meraries. The presence of supernumerary chromosones in G. veletis
geemed to have no specizl effect on the norphologsy of the organisns
or the cells in which they occurred, althoush it might de postulated
(vmite,1954) that they could have some adeptative value. The peretic
adaptation of species and populations to their environrment has pre-
sumably been a very gererzl biological phenomenon, and changes of
this nature micht be regarded as 2 basis of biological evolution
(¥nite,1963).

ir G. veletis, during anaphase I, when cells possessed 2
sin-le supermumerary chromosone, the latter eitier sizjyed on the
spindie near one of the poles or lagged behind on the equator plate;

where two supernuneraries were present, eacn went eitner to tie game
& b}

or to different poles, neither lagging on tze equator. lelander {1950)

succested that the basic cause of such differential behaviour was 2

change irn strength and raythm of division of the centromere.
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Supernumerary cironosones comonly occur in icrididae
(Carroll, 1920; ¥ings, 19235 Corey,1933; Hnoucni,1934; Powers,1942;
Helwig,1942; Wnite,1949,19512,b,c,4,1954; Rothfel,1950; Ray-Chaudhuri
and Manna,1951; Sharman,19523; John and Tewitt, 1955,1965,1968,1969;
Hewitt,1967; Hewitt and John,1967,1968,1970; 3hunya and ‘anna, 1968

Westerman,1969 and others), but have seldom been reported in Crylloidea,

although they have been recorded in Cyrtoxiphus ritsenae (Saussure)

(=Homoeoxzipha lycoides (Walker)) (Okmachi,1935), Trigonidiinze, and

in a Buscyrtus species, Cryllidae, Phalangopsinae (5mith,1953).
Supernumerary chromosomes were also found by lakino et al. (1938),
Steopoe (1939) and Asana et al. (1940) in mole-crickets (Gryllotalpidae);
either one or two supernumerary chromosomes occurred in some indivi-

duals.

The occurrence of supernumerary chromosomes in Gryllus

veletis and supernumerary-like chromosomes in Allonemobius fasciatus
Wwas previously unknown. In some individuals one was found, in others
two. As northern populations of G. veletis diifer slightly from
southern populations (Jobin,unpublished,1961), some kind of geogra-
pnical divergence seems to have occurred between thenm, and further
study of the occurrence of supernumeraries in different geographical

populations of the species might well bhe enlightening.

4. Polymorphism:

Chromosonal polymorphism is comnon in Crihopterz, and four
different types are found in the family Gryllidze: (1) a3 in Fuscyrtus

hexelytrus in which tae chromosome number and the shape of the
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chromosonmes can both be variable (Chmachi and Ueshima,1957); (2) the
chromosome number, but not the shape, may vary within the same species,

as reported for Loxoblemmus arietulus, 2pé=11 to 17 (I‘onda,1926;

Ohmachi,1927,1932b; Suzuki,1933; OChmachi and Ueshina,1955), and for

L4

3rachytrupes portentosus, 2n8=13 to 20 (Tafeiéhi,1932; Fomnza in 1942

(as cited by Makino,1951,1955); Ohnachi,1932a,1935); (3) the chromo—
sonre nunber is not variable, but one, two,or more particular chromo-
somes occur in different forms, as in various Gryllidae; the hetero-
morpnic bivalent is usually a hook-shaped structure consisting of a
J-shaped and a rod—shaped chromosome, which can be clearly observed
a2t metaphase I; this is the most common type (Chmachi,1935; Manna and
Bhattacharjee, 1964,1966; Bhattacharjee and Hanna,1969; Fontana and
Hogan,1969; Lim et al.,1969; Lim,1970,1971); (4) similar to type (3)
but the heteromorphic pair does not include a2 hook-shaped siructure,
having only a small dot-like element attached to one end or on the
side of the bivalent (Figs. 122a,b); this type has been observed only

in Allonemobius, it is regarded as a "translocation bivalent" instead

of as an "unequal bivalent" by Lim (1971).

The chromosoral polymorphisms observed in Cryllinae, in

YNeonenobius and in Bunemobius all belong to the third type ("unequal

bivalent"). Chromosonal polymorphism from variation in the chromo-
was
sone structure,)due either to interchromosomal rearrangeaernts or to

the unequal pairing of chromosones.

The frequency of the translocation bivalent, type (4) poly-

norphisn, varied among three Allonemobius species. In 4. fasciatus
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and A. 2llardi, it occurred in sone cells ir every individual, bdut

in 4. griseus it was found in zlmost every cell. Davenport (unpub-
1ished,1960) reported a contrary situntion. 7ile found 'hook autosones”
(=translocation bivalent of the present text) in =211 species of illo-

nemobius that he had studied, except in Ai. grisens, but only in cer—

tain populations of any one species and not in others. In the present
study, the occurrence of translocation bivaleniswas, in addition to
beins observed in metaphase I, also detected in L. griseus at the
spermatogzonial metaphase, in which one of the members of the largest
pair of autosomes usually had an extra small element attached to the
end of the minor (short) arm (Pig. 129). Although the populations
of A. griseus involved came from different sources, it is difficult

to explain why the results of different authors working on the same

species should show such a completely reversed situation. 3ince

translocation bivelents were observed only in 4llonemobius, which

has an intermediate chromosome number, translocation (interchange)
may have occurred during the evolution of the karyotypes of illoneno-

biug from a Neonemobiusg—-like form.

5. Chicsma Fregquency:

Chiasma frequency was found, in the present study, to be
relatively high during the diplotene stage. The number of chiasmata
in Gryllus species (233=29} varied fron one to four per bivalent,
2lthcugh one chiasma per bivalenti was the nost comnon number in
different bivalenis in most species of that genus [see Tndle I,

In Gryllus, in most of the acroceniric chromosonmes; a single chizsnma
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occurred quite close to the centromere. The distal region of such
q £1

chromosome seldom formed chiasmata.

With a decrease in chromosone number, the ckiasma frequency
increased regardless of taxonomic position. In the species having

2n8=21 (Acheta, Gryllodes etc.) two to three chiasmata per bivalent

were quite commonly encountered. In Tartarosryllus burdigalensis

(2p08=19), however, the number of chiasmata varied from one to as many

as six per bivalent, although, in lleonemobius palustris (also 2pd=19),

most of the bivalents had only one chiasma. In 4llonemobius (2pd=

15),‘é. griseus had the highest chiasma frequency (averase of 13.07
chiasmata per cell) when compared with the other two species of the

same genus, A. fasciatus (averaye of 11,82 chiasmata per cell) and

A. allardi (average of 11.42 chiasnata per cell)., This was presum—

ably because the chromosome length is relatively grezter in L. griseus

than in either A. fasciatus or i. allardi. Tunemobius carolinus,

having the longest chromosones, alsc had, as a rule, the highest
chiasna frecuency ner bivalent (fron two to seven) of all the species

of Gryllidae utilized in the presenti stud;’.

There was a considerable reduction in the occurrence of
chiasnata by the tine metaphase T was reached, and, in the najority
of perera, nost of the bivalenis showed only a single chiasma, excent

in some rin,~Tormed divalents whicl had %wo chiasmata. The species

with sToater cizTomoscme numbers, however, ugially had o isher fro-
quency of 4orminal chiasmata -— again with a e cxenpilons. This

was presunadly decause the nusmber of very snall acToceniric chromo-—
gones increzsed in species having srezfer clromosone numbers. U,
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the frequency of terminal chiasmata was also higher in tae species
naving more than in tnose having fewer acrocentrics when the chromo-

some nunbers were the sane (see Table XXIIT, Fig. 194).

6. Chromosomal Bridges:

Chromosonal bridges occurred occasionally in sone species.
in most cases, these were merely sticky bridges rather than !'true!
dicentric bridges; or they were terminal associations between two
non—-honologous Chromosoies, for tne two memvers of a bridge would
separate again later under the stress action of the spindle fibre at

an
the end of telophase. In Neonemobius palustris, for example,| X chromo~

sone bridge occurred quite commonly at anaphase IT. This vas hecause
the neterochromzatin ends of the ¥ chromosomes wWare agsociated tozether
during meiotic division and remained so during anaphase., The move—
ment of the spindle fibre of two daughter X chromosomes would zlso,

sonetimes, result in the fPormation of a sticky bridge.

marminal associations have also bveen found in other firthopiera
(scridoidea) by White (195Tb,1961), John and Lewis (1965), lankivell
(1967), Southern (1967), John and Hewiti (1968). white (1951) and
venkivell (1967) postulated that these were chizamate in origin; wien
a chiasma formed very close to the end of a chromosone it might ter—
ainalige s the bvivalent separated and coriract so that a terminal
association occurred detireen the ends of nomologous chromatida. “hese
authors did not, nowever, present any evidence for 4ne chiasmate nature
of these terminal associations. The association would e expected to

bresk down under the stress action of tie spindle finre Nankivell,

v g A SO A = T 2 T
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1957). John and Lewis (19063) found that at least some of the ter—

minal associations rmst be non-chiasmate.

7. Chromosome Evolution within the Pamily Gryllidae:

a. General

The evolution of chromosome systems rust necessarily be
conuected with the evolution of organic systems because the chrono—
gomes constitute the most important substrate for the genes. In other
words, if the understianding of evolution remains a central problem of
biology, cnromosome evolution, t00, rmust be understood. Indeed, the
number, structure and behaviour of chromosomes do furnish criteria

for the understanding of the evolutionary aspecis of taxonomnmy.

Evolutionary changes in chromosomes involve two basic, and
often interrelated, types of variation: numerical and stmec tural.
Yumerical changes are often acconpanied by structural changes. The
latter, however, are always very difficult to identify and to nmeasure
hecause the small size of chromosomes presents a fornidable barrier
to their analysis, except in unusual cases, such as the salivary-

gland chromosomes of some Diptera, such 23 Drosophila.

b. NYumerical changes

Some 2000 species of Gryllidae, sens.lat., have been des-
cribed, estimating from the catalogues of Chopard {1967}, and many
more await description. 3ome 6 per cent. of those describded {about
121 species) have been studied cytologically (see Yakino,1951,1954;

Ohnachi, 19585 Randell and Kevan,1962; Sharma,1963; Bhattacharjee and
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ttanna, 19673 Leroy,1967), so trat, although this proportion is small,
the cricketis mars he included anong the cytolozically reazsonably well

he species

ck

knowm proups of animals. Table T and Fil. 195 sumarize
[ & o

-3

of Grylloidea (excluding nryllotalpidae)} hitherto studied. Trom tue
table it may be seen that the male diploid chromosone nunmbers range
widely, from the loweat, seven, to the highest, thirty-one, forming

a continuous, alternating geries. Jithin this range, 2n8=19 is the
most frequently found among the 121 species of Cryllidae whose chromo-
some nunmbers have been determined. !owever, 2n8=15 and 21 are almost
equally common, SO that it is impossible to consider any one number

as being typical of the family. Yo standard, basic, or model, num-
ver is found in Gryllidae a3 it is in the case of Acrididae, Pyrgo—
morpaidae, Panphagidae and Tetrigidae.

I+ may also Dbe obzserved that gryllid groups in whick the
chromosone number is high always shoW more variation in number than
do groups with fewer chromosomes. Thus, nCADErs of the subfamily

The s .
Gryllinae, which, onkaverage, have the hizhest chromosone numbers as
compared with aspecies of other gubfanilies, 2l1so sSaow 2 greater nume-
rical range (2n8=11 up to 31, with a peak at 21). lost of the species
in tais subfamily have chromosone numbers renging £rorm 192 to 22, 8O
that it would seen probadle that other species are derived from those
whose caromosonme numbers lay within these limiis. The 1ighest and
lowest chromosome nunbers anong the Cryllinae probably rerpresent tae

end-products of evolutionary Dprocesses jnvolving increases or decreases,

in chromosone number, reaspectively. The aubfamily Temobiinae can de
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di fPerentiated cytolozically fron Gryllinae, not only by the struc-—
ture and size of the X chromosome and by the nucleolus usually being
demonstrable in prophase I, but also by the spermatogonial (296)
nunber (averazing lower), ranging between 7 and 21 wito a peak at 15
chromosomes. In this subfamily it may be that most, if not all,
change in chromosome number has been by decrease. Thus, althougn
there is currently no model chromosome nunber, for the Cryllidae, it

may originally have been in tae vicinity of 2nd=21.

Karyotype changes of an evolutionary nature are known within
families, genera and species. The most common and basic changes in
animals occur at the diploid level by alterations in chromosome mor—
phology and/or number. Changes in the basic chromosome number within
a genus or family may be either upward or downward. The most comnmon
exanples are downward changes which are caused by a process of centric
fusion (White,1954,1969; Davenport, unpublished,1960). This process
is most clearly demonstrated by 'gpecies' having multiple chromosome

numbers, such as Loxoblemrus arietulus and Brachytrupes portentosus.

In the former, the chromosome number ranges from 11 to 17 (Honda,1926;
Ohmachi,1927,1932b,1935; Suzuki,1933; OChmachi and Ueshinz,1955); in
the latter from 13 to 20 (Pateishi, 19323 Ohnachi,1932a,1935; lomnma in
1942, as cited by Hakino,1951,1956). The variation in chronosone
number in these species seems to depend on the occurrence and number

of V-shaped autosomes. In Loxoblenrus arietulus, for example, indivi-

(4]

duels wii- 2 caromosome number of 2n8=13 exhibited, in additiorn %o t-
¥ chromosome, 6 V-sazped and 6 rod-shaped autosones; those witz 2p8=15

had & V-shaped and 10 rod-shaped autosones plus the X chromosomaj and

ers ity
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those with 2pé=14 had 5 V-shaped and 8 rod-shaped autosomes plus the
X chromosome (Ohmachi,1935). The greater frequency of V-shaped in
individuals with lower total caromosome numbers is accounted for by
the centric fusion of pairs of rod—-shaped autosomes to form V-shaped
autosomes (FHonda,1926; Suzuki,1933; Ohmachi,1935; Ohmachi and Ueshimz,
1955) .

Increase in chromosome number is rather difficult to observe
and to prove, and its occurrence is supported only by circumstantial
evidence. The persistence of supernunerary chromosomes, Such as are
nown in some Crylloidea, has been proposed as such a method whereby

the basic chromosome number may be increased. In Gryllus veletis, the

basic chromosome number is presumed to Dbe 216=29, as reported by Randell
and Tevan (1962), but one or two supernumerary chromosomes have been
observed in some individuals, so that the complement mey occasionally
be 2n8=30 or 31 in this species. & comparable situation has 21so been

noted in Homoeoxipha lycoides (as Cyrtoxiphus ritsemae) by Chmachi

(1935) and in Zuscyrtus sp. by 3Smith (1953).

4s previously mentioned (p. £7), White (1954,1967,196%},
Davenport (unpublished,1350) and Saez (1968) suggested that reduction
in chromosome number is due to centric fusion. On the other hand,
yhite (19572) naintained that centric fission (misdivision) has played
no significant role in chromosome evolution in animals. I‘evertheleszs,
John and Tewitt (1943) pointed out that misdivision has certainly been

2 Tactor in plants, e.g., in Triticun zestivun \Steinitz—Sears,1966)

* and thet its possidle operation ir animals would nerit serious

a0 P P B A 27



consideration. For exanple, considerable centric fission may have
occurred in the evolutionary change in chromosome number between that:
of Buropean wild swine and the (Buropean) domesticated pig (¥cFee et
al.,1966). This, however, would assume that the latter are directly
descended from tﬁe former; but the mixed origin of modern domesticated
swine (Zeuner,1963) might explain the difference in chromosome number

without implying centric fission.

That misdivision has operated in the chromosone evolution
of Grylloidea was suggested long ago by Ohmachi (1935): "As for the
Gryllodea, I am inclined to consider that it has taken the course of
fragmentation, but these problems are highly speculative in their
nature so that we cannot speak decidedly about thenm." It is, however,
ny own opinion that it is still quite premature to attempt to decide
in which direction the evolution of chromosome complements in Cryllidae
has really moved, for insufficient species of Cryllidae have been
studied cytologically, and those that have been so studied do not in-

clude the most primitive living Gryllinae, such as Turanogryllus

Parbinski! (cf. Randell, 1964). 4t t.e present time, one can only

presume that the evolution of chromosome complements in Gryllidae has
probably progressed in both directions, centric fusion playing a more
important part than centric fission (fragmentation) or the appearance

of supernumerary chromosomes.

In discussing reduction of caromosome number, processes other
than centric fusion should be considered. Certain species of Gryllidae

possess an unusually low number of chirozcsones, due to the apparent

o A A O L

o
Yo
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loss of one or more members of the primitive chromosome conplement.

Tn such cases it seems unlikely that whole chromosome pairs have
actually been lost in the course of evolution. It is much more pro-
bable that the greater part of a 'lost' chromosome has been transferred
to another member of the chromosone complement, only the centromere

and small heterochromatin regions being indeed lost. The transloca-

tion bivalents found in Allonemobius provide some evidence for the

occurrence of such transference during evolutionary changes from a

lieonemobius~like condition +o0 that found in Allonenobius.

c. Structural changes

In the genus Gryllus, the differences in karyotype between
species may be due to centromere shifts which have converted a varying
nunber of the originally acrocentric chromosomes into metacentric or

submetacentric elements without changing the chromosone nunber.

avolutionary ci.anges in total chromoscme lengtn (7¢1,) are
also known in Gryllidae, especially in the genus Gryllus. The hichest

A

™0, in this genus is 156.01p, in Z. assimilis, and the lowest is 107..%41,

in G. bimaculatus. The lower TCL may be due to a2 decrease in polyteny

or in the amount of heterochromatin or matrix, or to gene duplications
or to a combination of these factors. sny one factor could cause

anortening

N

tighter coiling or otner changes that night result in
of the chromosones.
Almost 211 aspecies of Sryllidae have an TC=37 type of sex~

deternination mechanisn, ihe cale represerniing the digametic sex and
? (%3
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the female the homogametic. The X chromosome is always the largest,
or one of the largest, in the chromosome mass and it takes a peri-
pheral position at spermatogonial metaphase. The snape of the X
chromosome is important in the cytological classification of Grylloidea,
and it also shows evolutionary significance. It is usually V-shaped

in Gryllinae, Sneopterinae and in some Trigonidiinae and Hogoplistinae;
gomewhat U-shaped, with some light~-staining heterochromatic regions
either at the end of each arm or distributed on the two arms, in lemo—
biinae; and rod—shaped in Oecanthidae, Phalangopsinae and 2 species

(Bomoeoxipha lycoides) of Trigonidiinae (Ohmachi,1935). The V-shaped

X chromosome seems to be more primitive than the others, the U—shaped

and rod-shaped X chromosome probably being derived from it during the
course of evolution.

In addition to XO0-XX type of sex—determination mechanism,
miltiple sex chromosomes are reported in a few species of Grylloidea:

Oecanthus longicauda (XY-XX type) (Ghmachi, 1927,19353 ¥akino,1932);

Euscyrtus concinnus, Buscyrtus sp., Seychellesia sp. and EZneoptera

surinamnensis (X1K2Y—X1X1K2:(2 type) (Ray-Chaudhuri and lznna,19503

Claus, 19563 lanna and Ray~Chaudhuri,1965; 3nattacharjee and lanna, 1967).

since multiple sex chromosomes are wnusual in Grylloidea, they may

possibly be regarded as naving been derived from a primitive X0-XX type.

Considering a1l of the cytological evidence together, we n2y
agsume that, in cricketis, there was presunadly 2 prototype chrozosonre
pass weich has chenged from one iype to anotner, and that some of these
changes are no longer evident, having been pregent orl; in species

which have since become extinct.



TIT, EFFECTS O CHEMICALS

Le Literature Review

lJuch has been published, particularly in recent years, re-
garding the effects on chromosomes of a variety of chemical treatments,

but studies of such effects with respect to crickets have been vir-
tually nil.

Colchicine is a substance long known to induce veritable
changes in chromosomes and spindle apparatus, and it is much used by
plant cytologists to induce polyploidy (see Zigsti and Dustin, 1957).
Ostergren (1950) regarded colchicine action as narcosis, and suggested
a relationship between spindle poisoning and lipoid solubility. Hanna
and Parida (1965a) studied the effects of colchicine on the testis
cells of grasshoppers and found that the treatment produced various
kinds of changes in cells and on chromosomes; such as c-mitotic neta-

phase, rultinucleate cells, failure of synapsis, rmltipolar spindle,

sticky chromosomes, etc.

Although various chemical substances other than colchicine
have been known to induce genetic and chromosomal changes in both plants
and animals (see, for example, Mangenot and Carpentier,1944; Hadron
and Wiggli, 19463 Rapoport,1946), it would seem that the discovery by
Auerbach and Robson (1947) of the mutagenic effects of nitrogen mu—
stard on Drosophila stimilated verious workers to attempt to induce

chromosomal aberrations by different chemical ireazinentis.

Following earlier, limited work by Yosida (1950), Geaulden
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and Carlson (1951) and Sarkar (1956} on the cytological effects of
chemicals other than colchicine, lzZnna and his collaborators under—
took a series of investigations on the effects of various such chemi-
cals upon the spermatocyte chromosomes of grasshoppers (¥anna and

" Mazumder,1964j lManna and Roy,1964; lianna and Parida,1965b,1966,1967,
19683 Manna and Lahiri,1966; lanna and Hukherjeez1966; thﬁmder and
#anna, 19663 Parida and Manna,1967; Manna, 1967,1969; 3hunya and lanna,
1969). The chemicals they used included the chelating azents ethylene-
diamine-tetra~acetic acid and cupferron; formalinj ethyl alcohol; the
nuclei acid analogues maleic hydrazide, S5—-bromodeoxyuridine and iodo~-
deoxyuridine; the antibiotics tetracycline, nanovobiocin, grisovin,
chloranphenical and streptomycin; the hormones insulin, testoveron,
ovocycline and corline; and metallic salts such as aluminium chloride,
mercuric nitrate, potassium cyanide, etc. Aberrations, such as chromo-
some, chromatid and subchromatid breaks, sticky bridges, lagging, fail-
ure of synapsis, reduction of chiasmata, c-mitosis, chromosome and
chromatid type gaps, dunping and nisdivision of chromosomes, etc. at
different meiotic stages, were observed.

Some information also exists for substances other than those
mentioned above. For example, the narcotic ethyl urethane was dis-—
covered by Rapoport (1946) and Vogot (1948,1950) to produce lethal
gene—-mutations and caromosone changes in Drosophilaj; and urethane was
found to induce chromosomal aberrations, both in mitosis and in nmeiosis,
as well as cytoplasmic changes, in the pyrgomorpzid grasshopper Poe—

kilocerus pictus (7.) by ¥ambiar (1955).

-
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Saxena and Aditya (1969a,b) studied the effect of apholate
on the reproductive tissues of the sanme zrasshopper species, Poeki-~

locerus pictus. Spermatogonia, spermatocytes and spermatids showed

pycnotic nuclei, fragmentation of chromatin and vacuolization after

15 days of treatment; apholate also affected the DA content of the
germ cells. Connective tissue cells and mature sperms, nowever, showed
no histological damage. Apholate also induced chromosonal breaks,
exchange and chromosomzl gaps in the acridid grasshopper lelanoplus

differentialis. The proportion of abnormal cells reached a maxirmun

of 85 per cent.on the eighth day following treatment and then fell to

about half this maxirmum value at 21 days (i1assen et 2l.,1969).
Actinomycin-D, an antimetabolite which prevents RNA synthesis,

has been found to produce chromosome breskages in the Desert locust,

Schistocerca gregeria (Forsk.) (Jain and Singh,1967). The effects on

both chromosomal aberrations and on the development of spermatocytes
resulted from disorganization of the synthetic apparatus of the cells.
Actinomycin-D was 2lso found to increase the chizsna frequency in an

inbreed stock of Schistocerca Egggaria, but it produced no effect in

a heterozygous stock (Craig-Cameron,1970). The author suggested that
this chemical might cesuse the induction of enzymes involved in cross—
ing—-over and suppress the action of certain genes concerned with

chiasma formation.

Some substances used in cytological technique may also pro-
duce chromosomel abnormalities. Caffeine can be used 23 2 pretreat-

nent agent at low concentration; it enlarges and disperses the chromatic
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nmaterials, making the chromosomes clearly visible (Reiss,1969). Caf-
feine, however, has also been found to provoke chromosomal ruptures
and to inhibit cytokinesis, producing binucleate cells in plants
(¥agenot and Carpentier,1944; Kihlmen and Levan,1949; Ldpez—Sdez et
al.,1966; Ginenez-izartin et al.,1969). It e2lso has 2 lethal eifect
when applied in stronger concentration (1 and 2%) and it has a sup-
pressive action on the frequency of mitosis, although it was not shown

to induce full c~-mitosis except at very strong concentrations (¥ihlman

and Levan,1949).

3imilarly, phenolic compounds can be employed for the study
of chromosonme morphology if applied at concentrations below about 10"3H;
but above this, they can cause chromosomal adnormalities, lethality
ensuing wiaen they are applied at high concentration (3harma and 3Sharma,
1965). Phenols have been applied in the case of many sroups of plants,
but very rerely for aninsls. 4 few studies on the genetical and cyto-
lorsicel effects of phenols have been carried out, e.g. by Hadron and
Tigsli (1946), Levan and Pjio (19482,b) and imer and Ali (1968,19569).
Thenols decreased the mitotic index and disturbed the normal mitotic
and meiotic division; they also induced the lagging of chromosones,

stickiness, fragmentztion and cytonixis.

e pocsible cyiological and genetic effects of the wide—
spread use of herbicides, fugicides and insecticides are currently
giving rise to some concern (Varaanm=,1947; Leven and Tjio,1948a,b;
Yuhling et 21.,1960; Sawamura,196:; Wuu and Grant,19G65,1957; Amer and

£1i,1968,1969; imer and Rarzh,1968; Grant,1970). There is some evidence
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that chromosomal abnormalities are produced by them, at high concen-
trations, at least in plants (Varaama,1947; Levan a2nd mjio,19482a,b;
Levan, 19493 ¥iklman and Levan,1949; ﬁuhling.gilzl.,1960; Sawamura,
1964; Amer,1965; Wuu and Grant,1965,1967; iner and Al11i,1968,1969;

Amer and Farah,1968; Reiss,1969; Grant,1970), but there have been few
ctudies of the effects of such substances on animal (including insect)
chromosomes, and none hitherto on crickets. However, sone insecticides

parathion, dieldrin and sevin) have been found by Young and 3tephen
’ }

(1970) to effect the acoustical and sexual behaviour of Acheta domes-

ticus. The crickets fed with dieldrin and sevin stopped singing for

3 to 6 hours, and there was an increase in chirp rate and pulse rate

of the calling song once singing was resumed. Crickets treated with
parathion were unable to produce pure calling songs. The authors be-
lieved that parathion acted on the peripheral neuronuscular system

and the thoracic gland, whereas both dieldrin and sevin effected the
brain, first as an inhibitant and then as an excitant. Thus the
physiological upsets produced by insecticides can clearly affect the
reproduction of crickets through their beheviour, but cytological
effects have not hitherto been considered. Water loss following treat-

ment with several insecticides in Gryllus bimaculatus was also recorded

by Srivastava (1969).

B, HMaterials and Hethods

1. Materials:

lale nympzs of the last two instars of the following species

(from the sources indicated previously) were used:
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Gryllus assimilis (Fabricius)

C. bermudensis Caudell

G. bimaculatus De Geer

Ge. pennsylvanicus Burmeister

Acheta domesticus Linnaeus

Gryllodes sigillatus (Walker)

Scapsipedus marginatus (ifzelius et Brannius)

2. He thods:
a. Injection-administered series

The test insects were injected via the abdninal pleura with
0.02-0.05 ml of chemical prepared in insect saline (Baker,1950) using
a 27-gouse hypodermic needle with 1 cc tuberculin syringe (both supplied
by Pisher Scientific Co.). They were sacrificed at various times
after injection. The insects were anaesthetized by ethyl acetate and
a mid-dorsal slit was then cut from the posterior end of the thorax
to the end of the abdomen and the testes were dissected out in insect
saline. The concentrations of chemicals used, the intervals between
injection and fixation,and the survival rate aiter 24 hours are listed

in the following table:

concentrations hours vetween treatment survival rate

chenicals (2 and fixation after 24 hours
colchicine 0.1 - 18,24 407
colcenid 0.05,0.1 18,24 100%
caffeine 0.5 24 1007

ethyl acetate 100 0.5 0%




b Bt o . o 8 =

78.

nemicals concenirztions Thours betiween itreatment survival rate
cher (5) and fixation after 24 hours
glacial

acetic acid 100 1.0 o
phenol 0.,05,0.1 12,24,72 100f

After injection, the insects always showed eflects of poi-
soning by the chemicals, i.e. there was less movement, they renained
still, or they turned upside-down after a skort period of tine, es-
pecially in the case of those injected with colchicine, ethyl acetate,

or zlacial acetic acid.

b. Peeding—adninistered series

i. Pood:

Last—-instar nymphs of C. bermudensis were fed on a diet

containing 8 grams of crushed "baby rabbit pellets" {(Cgilvie Four !ills,
tontreal — the resular food for tae crickets reared in the leCGill
iniversity, Departnent of Intomoloyy laboratory) mixed with 6 nml of
0.57 cupferron or 0.5% caffeine. Fresh food contziring the chemical
was supplied everyday. Drinking water (tap wﬁter) was suprlied from

a vial by means of a cotton—batten 'wick'. The test insectis were

o

starved for 48 hours prior to adminisiration of focd. They were sacri-

Y

Piced at 3 or 10 éays after feeding. The followings tadle licsts the

days after treatiment:

|
|
1
;
§
;



ements 70 % TS, CTRMEINL
specizens Sy 67 107 3 69 7 100
cupferron 10 90 30 10 - - - -
caffeine 10 100 100 100 - - 10 10
control 14 100 100 100 6ie3 100 10C 100
D=days

ii. Drinking water:

Third-instar nymphs of G. a3similis were fed on a standard
diet of untreated "baby rabbit pellets" and supplied with a 0.01¢% or
0.001% agueous solution of colchicine instead of tap water supplied
to the control series. The percentage of survival is recorded in the

followinz table:

series no. of % survival after treatment
specinmens 10D 15D 20D 25D 30D 35D 45D
0.01% colchicine 10 100 100 40 10 0 0 0
0.00175 colchicine 10 100‘ 100 100 100 %0 90 50
control 10 100 100 100 100 100 100 20

D=days

c. Cytological tecimnique
Squash preparations only were used. The procedure is
described in Chapter II.
C. Results

The cytological behaviour of all conirol series was similar
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to that of ‘normal individuals, as described in Chapter II, and no ab-

normality showed itself in the chromosonzes. Treated series showed

the following results.

1. Caffeine:

Two different treatments, injection and food-adulteration,
were tried. Specimens of various species injected with 0.5% caffeine
were sacrificed at 5 and 24 hours after injection. Specimens fed with

0.5% caffeine mixed with standard food (G. bermudensis only) were

gacrificed 3 days and 10 days after adminstration. The frequencies

of chromosomal aberrations are recorded in Tables XXV,XVI,XXXVI,
Fig. 196.

Various types of abnormality, such as breakages (Fig. 132),
stickiness (Pig. 133), clumped conditions (Fig. 134), chromosome gaps
(Pig. 135), lagging chromosomes (Fig. 136) and sticky bridges (Fig.
137) were observed. Some second~division metaphase cells were found
to be in a polyploid condition which could have been due to the des-
truction of the spindle. The most common effect ovserved at the late
prophase I and metaphase T was the stickiness of the chromosomes. In
most cases, interbivalent connections in the form of thin chromatin
threads connecting the bivalents were observed (Fig. 1383). In meta-
phese I, the bivalents were always clunped into groups (Pig. 139); no

detail could be studied.

The quantitative data for the abnormelities are recorded in
Tables XV,TiVI. Tre frequency of occurrence was scorged from more

than 300 cells examined at any particular stage at 2 particular nour
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after fixation. In the food-administered series, the percentage o?
breakage increased directly with the increase in tine of fixation
sfter treatment (Table XXV). Caffeine seemed to have some inhibitory
action on the maturation of the last-instar nymphs. Cnly 10 per cent,,
as compared witzr 100 per centi.of the control series, became adult at
10 days after treatment.

in anealysis of the percentage values of the different types
of abnormality {Table XXVI, Fig. 196) indicated that the frequency of

demage was relatively higher in Scapsipedus marginatus than in the

other two species studied. However, when the percentages of total
abnormal cells were compared (S. marﬁinatus:20.94ﬂ;.£. domesticus:

el

20,7975 G. bermudensiss 20.723%),the differences bhetween species were

neclizible.

2., Colchicine:

Third-instar nymphs of G. agsimilis provided with 0.017% col-

chicine solution in their water supply showed certain gonatic effects
of colchicine. Tne body size was smeller and the coloration darker
than in control individuels. A1l trented individuals died within 30
days. These phenonena were less apparent in individuals given 0.001ﬁ
colchicine solution, and only about 10 per cent.died within 30 deays

(see table on p. 79). Thus, colchicine had some lethal effect at

nigher concentrations, the lower concenirations producing lesser eflects.
Lest~instar nymphs of G. assimilis injected with 0.1 col~-

chicine were unable to survive beyond two days after injection. Var-

jous changes in the chromosomes and spindle apparatus in the testis
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cells of the experimental individuals were observed. The most fre-
quent types of chromosomal aberration were fragmentation and sticki-
ness (Figs. 140a,b; Table XXXVI). 3Sometines, instead of having a
clear break in the chromosome, a constriction was found. The pro-
duction of polyploid cells (Fig. 141), chromosomal bridges and dis-
organization of the spindle also occurred. Further, colchicine
arrested the process of meiosis, as most of the cell were found to
be in a resting stage. Beside the abnormalities mentioned, the
chromosomes became swollen, shortened (supercontraction of chromo-

somes) and stained only lightly.

3. Colcemid:

The chromosomal aberrations induced by colcemid resembled
those produced by colchicine, but the degree of damage was less. The
most significant aberrations were breakage (Fig. 142) and stickiness
(Fig. 143). Colcenid seemed to affect the spindle, for unequal segre-
gation was detected at late meiotic division (®ig. 144) and sonme
chromosomes sometimes lagged behind at the equatorial plate (Fig. 145).
Sticky bridges (Fig. 146) and c-mitosis (Fig. 147) occurred occasionally.
Supercontraction of chromosomes in mitosis was also encounted. The
spermatids increased in size and the sperms sometimes curved into a
ring shape.

Tables XXVII,XXXVI show the guantitative data for abnormalities.
An analysis of these date indicates that the effect of colcemid was

quantitatively and qualitatively different as between G. pennsylvanicus

and G. assimilis. Some chromosomal aberrations, such as lagging and
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unequal segregation, occurred only in the former species but not in
the latter. The total proportion of abnormal cells was 20.85 per

cent.in the former species, but only 10.96 per cent,in the latter.

4. Cupferron:

Only the food-administered method was used in testing this
substance. The effects on the chromosomes were similar to those
produced by caffeine on the food-administered series, Prom table on
page 79, cupferron secmed to have an inhibitory effect on the matura-
tion of the last-instar nymphs and caused high mortality among the
treated specimens; only 10 per cent.of the specimens survived for as
long as 10 days, and no individual became adult after 10 days, while

all of the control series survived.

The most common types of chromosomal abnormality were breaks
(Fig. 148) and stickiness (Pig. 149). The presence of extra fragmenis
-7as also observed. This was not only due to breaks, but zlso to the
failure of bivalent formation by some chromosomes — in metiaphase I,
211 of the chromosones were clumped into a sticky-mass and bivalents
were not produced. Cne to four fragments were observed (™3, 150,
151) spread tharoughout the cells, remaininy apart from the main

chronztin mass.

The quantitative dzte for the occurrence of atmormalities

are recorded in Tadles YXVIII,XTXVI. The frequency of abnormalities

L]
ot

increased directly with the tinpe before fixation z2fte reatnent.
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5. Sthyl acetate:

7o individuzl of G. asazimilis survived berond one hour altier
veins injected with 0,02 ml of ethyl acetate into the abdomen. The
insects became inactive and turned upside-dowm immediately after
injection. The data were obtained fronm individuals sacrificed half
an hour after injection. The chromosomal abnormzlities were similar
to those produced by glacial acetic acid. Breakage and stickiness
were the most common abnormzlities produced by ethyl acetate (Table
XXVI). At nmetaphase I, the bivalents of a cell clunped into a dense
nmass, but the X chromosome usually stayed apart from the mass (Fig.
152). Chromosome breaks accurred at first and second meiotic divisions,

out were much more obvious at gsecond division.

6. Clacial acetic acid:

1o individual survived beyond two hours after injection of
0.02 ml of glacial acetic acid into the abdomen. 411 of the data were
obtained from individuals sacrificed one nour after injection. Among
the linited nunber of cells availadle for study, second division stages
gere not observed in detail, but it is bYelieved that they were not
qualitatively different froxz thoge of the first meiotic division.
Chronosome brezks, stickiness (Fig. 153) and clumping of chromosomes
werc observed (Table TEXVI). Juentitative date were not odtzined
because the specimens did not survive for long afier trecatment. Less
stein was picked up by chromosomes treated with glacial acetic acid
than by those treated with other substances. All suck chromosomes
were very faint in appearance when conpared wit: those of the control

individuals.
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7. Pnenol:

Treated specimens of G. bimaculatus were injected with 0.05

ml of 0.05 and O.1% phenol prepared in insect saline (Baker,1950).
They were sacrificed at 12, 24 and 72 hours after injection. The
occurrence of spermatogonial metaphase was more frequent than in nor-
mal and control individuals, especially in those injected with 0.057%
phenol. This is in agreement with previous findings. Phenol can
nave an effect on the arrest of spermatogonial metaphase, and some
workers have used phenol as a pretreatment agent for the study of

mitotic chromosomes (Sharma and Sharma,1965).

The most noticeable effects of phenol were failure in the
formation of the spindle, breakage (Fig. 154) and stickiness (TFigs.
155a,b). In some cells, the bivalents were found widely distributed
taroughout cells as a result of the destruction of the spindle (rigs.
156a,b). MNon-disjunction (Fig. 157), numerous univalents (Fig. 158)
and unequal segregation (Fig. 159) were observed in individuals
injected with O.1% prenol and fixed at 72 hours. 3ome chromosomes
la;ged behind at anaphase I (Pige. 160), and dicentric bridges (Fig.
161) or sticky bdridges (Fig. 162) were also observed. 3ome telophase
nuclei were found to contzin pycnotic masses. 3reakage in the ¥
chromosone was observed in mitotic nmetaphase, but it was very rarely

found in meiotic divisions. C-mitosis occurred in the testis sheath

cells,y too.

The quantitative data for the abnormzlities are recorded in

Tadbles 7XIX to TTXVI, Figs. 197,198. 4n =analyjsis of these data indicate

e TR G st S
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that chromosomal aberrations increased gradually with increased tine
pefore fixation following treatment. The frequency of brezks at
metaphase I and IT was relatively low compared with occurrence at other
stages of division. The spiralized and over-condensed state of the
chromosomes, however, may have made the detection of this abnormality
more difficult in these two stages. The frequency of bridges produced
by 0.057 phenol reached its pezk at 12 hours after injection and
dropped back somewhat with increase of the period before fixation.

The frequency of polyploidy produced by 0,17 phenol showed a similar

result,.

In almost 211 cases, the frequency of chromosomzl aberrations
was relatively greater in individuals of the O.%1%conceniration series
than in those of 0.05’concentration series (Table XX(7). Yot only
was the sum total of the abnormelities found to be sreater but the

types of aberration were more wvaried.

D. Discussion

The cytological amornalities produced by different chemicala
were nainly sticlkiness, breakage, bridzes, lagging, c-mitosis, poly-

a1
i

firat two or

v

ploidy, ron-disjunction and nnequal sezresation,
three of these were general effects produced by all of the chemicals

used, tat the renainder were noticed only for certain chenicals,
™0 types ol frarments were found: free fra;ments and at—

tacied {ra;ments. The latier rensined atiached to the parent curon
S &

sones by a fzintly-sitaining thread. 3ince both types of fragment
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occurred as a result of all treatments, they are considered to re-
present different aspects of the same reaction. Perhaps a sironger

attack on the chromosome by a chemical would result in one or more

free fragments, while a less severe attack would produce a consiric
tion or an incomplete break in a chromosome (Levan and Tiio,1948bv).
The free fragments were of variable size, ranging from a very small

dot to a2 rod or even an entire chromosome arm.

The chromatid fragments were mainly found in the prophase
and usually remained paired with their sister segments. In a few
cases, half-chromatid breaks were observed in prophase I. Kaufmann
(1954) suggested that, under certain conditions, chemicals might act
selectively on the component units of a multiple-strand chromosonme.

A4t anaphase, free fragments usually remained at the equator, whereas
the attached fragments were pulled by their parent chromosomes towards

the poles.

The principle of chromosomal breakage induced by various
chemicals is not fully understood. Auerbach (1949) suggested that
chenicals produced hazards in protein reduplication which were ulti-~
mately responsible for chromosomal breaks. After a series of experi-
ments, Sharma and Sharma (1962) concluded that a disturbance in the
metabolism of A was responsible for chromosomal breaks. This dis-
turbance affected the protein synthesis and finally, indirectly, the
DTA synthesis in the chromosomes, resulting in chromosomal breaks.
They also pointed out that the way in which this type of disturbance

arose, whetier the sane or different for different chemicals, was
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unknown. Manna and Parida (1967) stated that formalin produced
breakages, 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 conpounds was due to an induced
intercalary stickiness of the chromosomes which led to the observed

formation of anaphase bridges and fragments.

The fragmentation reaction induced by chemicals in the
present work was found to be similar in many features to that reéulting
from irradiation effects, but considerable differences were also
observed. Thus, the percentage and degree of frasmentation were higher
for the gamma rays treatment (see Chapter IV) than for the chemical
treatments. This may have been due to the chemically induced chromo-
somal breaks being spread over a reasonably long period, wnilst the

ganma Trays breaks appeared virtually simultaneously with treatment.

3tickiness of chromosomes is a common physiological pheno—
nenon effected by many chenmicals and by irradiation. Tt has been
observed by Ostergren (1944a), Veraama (1247), ¥iklman and Levan (1949},
Koller (1952), Cormman (1954), 3harma and lukherji (1955}, andiar
(1955), Ouno (1960), Ohno and Tanihuzi (1960), I’anna and Roy (19545,
Yanna and Parida (19652,9,1967,1968}, imer (1215}, Takeern and iner

{1956), imer and :1i [1368,1969), iner and Tarch 71048} and others,

the percentase of stickiness decreased graduzlly lron the enrly to
the later stayes of prophase and metaphzase.

degree of stickiness varied from multivalent fornation tc ihe clumping

of a2ll dvivalents into & 3ingle nnss.
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Jome workers (Darlingston,1942; Darlinston and Le Cour,1343)

depolymerization and crosa-
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sup ested that sticlkin
linking of the INIX of the chromosomes. This suggestion was later
supported by physiochemical studies on INTA solutions {3parrow and
Dosenfield, 19463 Taylor et 2l.,1947,1248). Towever, ¥Yaufmann et al.
(1955) stated that stickiness was not due to the depolymerization of
DiTA, but rather to a partial dissociation of the nucleoproteins ard
an alteration in their pattern of organization. Varaama (1947)
thought that it was caused by a reduction in viscosity of the matrix
rendering the chromosome surface more fluid. Iambiar (1955} believed
that a change took place on the chromosome surface in which its dis~

creteness and individuality were lost so that the chromosones becane

irregularly shaped masses from which a few thin threads projected.

In the present study, dicentric chromosomal bridges were
observed in cupferron, caffeine and phenol treatments. Chronosonal
bridges may originate in one of the following wayrs: (1) a2 chromosone
may break before replication and forz an anaphase bridge and an acen—
tric fragment after the proper fusion of the broken ends (lea,1947a);
(2) neterozygous paracentric inversion nay occur in interphase chrono-
somes, which will result in a sinilar configuration (P2i,1964); or
(3) a2 chronesomel dridge may occur as a result of stickiness, es—
pecially when no fragment accompanies the bridge. !lo3%i of the chromo-
sonel bridges observed in the present study were nerely of the sticly

bridge itypes 'true' bridges occurred at a very low freguency.

Colchicine ard colcemid caused the contraction of chromozonmes
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2t mitosis. Apart from shortening and condensation, the chromosomes
showed no other abnormality. Urethane (Mambiar,1955) and methyl-
naphtho hydroquinone diacetate (lybom and XKnutsson,1947) were found
to produce similar effects. The contraction was due to an inherent
change in the form and shape of protein molecules of the chromosomes
(6stergren, 1944b). Nanmbiar (1955) suggested that the contraction
might be an expression of spiralization. She added that the reason
for different behaviour between mitotic and meiotic chromosomes might
be because the meiotic chromosomes usually have an additional spiral
over the mitotic chromosomes, and therefore no room for further spira-
lization would exist. Colchicine was found not only to produce chromo-
somal abnormality in crickets, but also to have a lethal effect, par—

ticularly when applied to the earlier instars.

Phenolic compounds were found, in the present study, to
suppress spindle activity and to inhibit the onset of nitosis in 2
manner similar to colchicine and colcemid. Vilson (1960) found that
2,4~dinitrophenol at 10-5H markedly inhibited the glucose-stimulated
rise in mitotic activity in excised pea roots. The nature of ihis
inhibition was unknown, but it was probably associated with the ability

of this compound to uncouple oxyzer fron phosphorylation.

Of all the treatments, phenol produced the aighest degree
of chromosomal abnormality of any of the chemicals tested [see Table
TIVI). The cytologicel damage to plant cells caused by piernol nas
been demonstrated by many workers (Levan and Tjio,10:8a,d; Levan,19.9;

M¥uhling et 2l.,1960; #ilson,1260; Amer and A1i,1958,1369; who have
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observed abtnormalities similar to those recorded in the present study,
guch 2s breakage, stickiness, c-mitosis, lagging, bridge formation,

etc, Although Sharma and 3kattacha y;a (1956) have demonstrated

advantages in the application of phenol for the study of karyotiype,

it i3 not, in general, safe to arnly this substance as a pretreainant
arent, even at a2 low concentration, as it may result in chromosonmal

bnormality.

In the current study, glacial acetic acid, ethyl acetate

| o

e3ger Oor no

and cupferron affected mainly the chromosomes having a

9]

W

effect upon the spindle apparatus. ibnormalities such as c-nitosis,
polyploid cells, znaphase with destroyed spindle, unequal segregation,
etc., were not observed. From this, it may be presumed that these

Pe

chemicals have very litile eiffect on the proteins which are larzely
present in the spindle apparatus. lanna znd Iukherjee (1966) also

stated that acetic acid treatment did noit produce z significant effect

on spindle structure.

Jensitivity to most of the different clemicals tested in
the present study varied between diftferent species, althoush the
rcsponse to caffeine treatment was the same even in species helonring

to different genera. It is particularly notadble tiat Gryllus pennsy—

[

lvanicus and G. assinilis, although they hotn belong to the =ae

senus, showed remarkable difrerences in the de_ree of se:xsitlivity 1o
colcemid. Gytological responscs may he correlated with inter
with biochiemical processes at different sites and in somewiat different

warys. 'The chemicals caffeine and colcenid botl proiuced gererally

ginilar eifects {(in ite of intersrpecific differences in the cz3e o
A



the latter but the forner was more effective in causing damage to
’ (&) (=]

the spindle structure. Therefore, cailei:e should be considered less

A4

safe than colcenid for use as 2 pretreatment agent for karyotyrpic
analysis.

Tt should further be noted trhat there anpears to be some
variation between the results obtained by different workers dealing

with the szme chemicals. Zor exanple, phenols have been found by

Tevan and Tjio (1948a,b) to produce chromosomal breaks in Allium cepa,

whereas Loveless and Revell (1949) failed to obtain any significant
fragmentation in Vicia faba with a similar chemical. On the other

hand, phenol did induce chromosomal breakage in crickets in the pre-
sent study. Nothing is to be gained by assuming that one set of workers
is right and the other is wrong. The differing results are more likely
to reflect differences in the purity of chemical used, in the test
organisms, in the sensitivities of different parts of the mitotic and
meiotic cycle, etc. In some cases, if scoring is not carried out at

the right time, breakage potential of the chemicals may be overlooked

(ilson,1960).
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Le Literature Review

1. General:

™ That ionizing radiations can induce chromosomal aberrations
had been realized since the fundamental discoveries by lohr (1919)
and Miller (1927,1928) in animals, and by Stadler (1928) in plants,
that X-rays produced mutation in the organisms. Subsequently, a
considerzble literature has accwmlated describing the cytogenetic
effects of ionizing radiations, viz. X-rays and gamma and beta rays
(both directly and by the use of various radioisotopes) and neutrons.
Ifost of the studies agree that the dezree of chromosome damage due
to radiation is directly correlated with dosage (¥Yaufmann,1954; ZEvans,
1962). Radiation interferes with a number of biochemical processes,
especially those concerned with protein and nucleic acid synthesis.
The effects may be temporary and reversible, or permanent and usually

lethal,

2. X-roys:

Tne study of X-ray-induced chromosomal aberrations in Ortho—
ptera has been quite extensive, particularly in grasshoppers. Nost
of the earlier workers (lohr,1919; White,1932,1937; Helwig,1933,1238;
Carothers,1940; Creighton,1941; Creighton and Zvans,1941; 3ishop,1942)
enployed testis cells of various species for the investigation of the
effects on meiotic chromosomes. Carlson {1238a,b,1940,19412,b,1954),

however, exarmined the mitotic chromosomes of neurobdlast culture cellis.,
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Chromosomal aberrations such as breakage, anaphase bridges, stickiness

and reciprocal translocation were observed in both mitotic and meiotic
chromosomes.
Helwig (1938), using X-rays, irradiated partially developed

embryos of the grasshopper Circotettix verruculalus (Firby) at very

low dosages (200 rad to 350 rad) and studied the effects of this ra-—
diation on the meiotic chromosomes of the resultant last~instar nymphs.
Reciprocal translocation and breckage occurred. Translocation occurred
more frequently (in 76 or 78% vs. 22 to 24% of the occurrences) between
the large elements (the twelve largest chromosomes) than between the
small ones (the four smallest chromosomes). The frequency of breakage
was greatest immediately after exposure and became less 28 time elapsed.
The fragments always became reattached to their respective parent
chromosomes at the loci of breakage. Carlsen (19382,b,1240,194%2,b,

1954) studied the neuroblasts in the embryos of Chortophage viridi-

fascizate (De Geer) developing in eggs which had been irradiated with
i-rays. Two phenonmena, side—arm bridges and 'stickiness', occurred
at znzphase shortly after irradiation. Carlson (1554) pointed out

that o dose a3 low as 25 rad was capadle of inducing neiotic delay

tocerca ;:onaria(?oskﬁl),but“added that acentric fre; ments were rare

and that non~chronatid breaks were found,
Zay-Chaudhuri and Sarkar (1952}, Tay=Thavdhuri et al. [1957]
end Ray-Chaudauri [1961) prorosed the "iaryet hypothesis® in

studies of the effecis of I-ray~induced chronoscrnzl aderrations in
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grasshoppers, and used the dicentric bridge of anaphase I as an in-
dicator of chromosome damage. Hanna and his co-workers (lanna and
Hazumder, 1962,1967; liazumder and lanna, 1966,1967,1968; Manna,1967)
used the occurrence of Z-ray induced X chromosome aberrations as an
indicator of chromosome'damage. They found that X-ray treatment,
combined with chemical pre- or post—treatment, would increase the
percentage of damage (lazumder and Manna,1966). Similar results had
previously been reported in plants by lHerz et al. (1961) for the
broad bean, Vicia faba L. 3esides the X-ray treatment, Manna and
his collaborators (ianna and Roy,1964; lanna and ltukherjee, 1966) also
studied the effects of other ionic radiations (pH dependence) on
grasshopper chromosomes. Anomalies, in the forms of breakage, frag-
mentation, constriction, anaphase bridges and multipolar spindles,

were discovered.

Much 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 house

cricket, Acheta domesticus L., by 3Bluzat (1964). Developed embryos

were X-irradiated at dosages of 300 and 500 rad and neuroblasts of
the embryos were studied cytologically. Fragmented chromosomes and
double bridges were observe§ at different stages of meiotic divisiong
the sensitivity to X-rays varied between different stages of embryo-

genesis. Radiosensitivity of eggs of Gryllus bimaculatus was also

exanined by Sereno (1960). in exposure of 350 rad reduced the hatchkh
of 0-, 1- or 2-day-old eggs to about 50 per cent and 3-day-old eggs

to 11 per cent of the controls.
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3. Beta and Gamma 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

14

with the radioactive chemical L-liethionine-Hethyl—- 'C was shown to

cause sterility of males of Gryllus zssimilis (¥.), and to inhibit

oviposition by normal females when these mate with treated males
(Abdel-lalek and Kevan,1961). The inhibited females resumed oviposi-

tion after isolation for about two weeks and mating with normal males. i

The authors presumed that some inhibiting factors were passed to the
females from the treated mzales by way of the spermatophores. The

chemical had no direct effect upon the females.

Recently, Jobin et 2l. (1970) studied the sensitivity to

ganma rays of the house cricket, Acheta domesticus. The maximum

lethal effects were manifested after 100 hours of development; sub-

sequently they declined rapidly. Radiosensitivity of adults increased
with age; females were more sensitive than males. Adults developed
from irradiated nymphs showed some abnormality in their morphology, §
especially of the wings. Gamma radiation was also found to affect ?
life expectancy and reproduction in the same species (l’enhinick and
Crossley,1968; funter and Krithayakiern,1971}. 3oth adults and nynpis

were tested. In each experiment it was found that the life expectancy

was reduced with increased dosages when the insects were irradiated

at 4000 rgd or more. The life expectancy of females wa3 increased,

however, when they were irradiated with 500 rad, 1000 rad and 20CO rad;
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no significant increase vas found in males irradiated at the sane
dosages. Only small nymphs showed an increase in life expectancy
when irradiated at 1000 rad. Tunter and ¥Xrithayakiern (1971) also
reported that the nunber of epggs laid was greatly reduced after irra-

diation, and that eggs weTe not laid by females treated with more

than 4000 rad.

4. Ntraviolet:

Farlier investigations have shown that ultraviolet radiation
can induce chromosomal breaks (Swanson,1940,1942,1944; Slizynski, 19423
¥oufmann and Hollaender,1946) and sterility in male Drosophila (iac-
kenzie and Muller,1940; Demerec 23“21"19425 Yaufmann and Demerec,
1942). Recently, rost of the information on the effects of ultra-
violet radiation has been obtained by the irradiation of delinmited
areas within cells in culture. Jeveral studies have shown that irra-
diating a chromosone bring about a loss of DFA and histone 2zt tae site
of irradiation (Takeda,1964; 3loom and Czarslan,1955) and that the
gnindle diminishes in size or d:sappears temporarily followins the

ipradiotion at any part of a cellj it was 2lso0 found that irradiated

1955,19612,b; Toreda and Izvisu, 12015 ada and Tauteu,1251;

Taghina, 1962, Tnkedz et 21. (1967} found that irradiction 2t 2

nuclear or extra-rucleolar nuclear site rapidly coused the in

to the irradiation of a2ny cellular arex.

Ul4raviolet -adiation zlso aTTacta iic behzaviour of
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chromosomesS. Daughter chromosome groups nove rapidly from the irra-

diated pole towards the non-irradiated opposite pole after the cell

ig treated at telophase with an ultraviolet microbean in a restricted
part (Haksnishi and ¥210,1965). According to 3lum (1959) a churning
or cyclic movement rapid occurs in the cytoplasm witain a few minutes
after exposure of cells to ultraviolet rays. Tnerefore, HNakanishi
and ¥ato (1965) believed that a prompt change in viscosity might
occur at the irradiated area which would cause cytoplasmic streaming
in the cytoplasm around the irradiated area. This resultant stream—

ing might push the chromosome groups towards the equator of the cell.

B. Materials and lMethods %

1. Xaterigls:
¥ymphs and adults of the following species (from the sources

indicated previously) were used:

Gryllus assimilis (Fabricius)

G. bimaculatus De Ceer

Ce pennsylvanicus Burmeister

Acheta domesticus Linnaeus ]

Scapsipedus merginatus (Afzelius et 3rannius)

Allonemobius allerdi (Alexander & Thonas) i

A1l of the various species of cricket lisied above were ex~

posed to jamna rays, but only Gryllus assimilis was used for ultra-

violet treatment. %
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2. lethods: -
Ten to twelve individuals were used for each treatment.

Tne majority were penultinate~-instar male nyrphs, although sone

third— and last-instar male nymphs and adult males and femzles were

also used.

Cemne irradiation was carried out using an A.C.E. 'Gazmnacell
220! cobalt 'bomb'. An aluminium 'filter', which eliminated 70 per
cent. of the gammz and all beta radiation, was inserted between the
radiozctive source and the material to be irradiated. Bach insect
to be irradiated was put in a 22mm X 35nm glass vial, closed by a
plastic ('Heoprene') stopper, and placed at a distance about 8.2cnm
above the bottom of the operating tube (i.eey directly in line with
the radioactive source), Four vials were irradiated simultaneously
on the same horizontal level. The exposure rate was kept constant
at 54.35 r/sec, but the exposure time varied in different treatments,
After treatment, the specimens were reared for varying times at 2
tenperature of 21.5i1°C under stendard laboratory conditions. In-
dividuals of the control séries were reared under similar ladoratory

conditions, but received ro radiation treatnent.

Tndividusls treated with ultraviolet radistion (Gryllus
assimlis only) were reared fron the perultinate nymphal instar in
standard cne-gzllon candy jars placed in an incubator illuminated
from ehove by uliraviolet light. The exposure rate was kept constant

et 65 o cmz/sec.

it intervals after irradiation, thze testes of each inaect
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were dissected out in insect saline (Baker,1950) and fixed in acetic-
2lcohol (1:3) for 24 hours. They were then stained in alcoholic Tel-
carmine (Snow,1963} and squash preparations in 45% acetic acid were
made. Two to three individuals were fixed for each treatment. Ilost
of the datz were secured by examination of tae first meiotic division.

Figures were dravn at a magnification of 1250X using a canerza Jucida.

Jone gamma—irradiated nymphs of different species were not
dissected, but were maintained under standard laboratory culture

conditions in order to observe the effects of radiation on subseguent

developnent.
C. Resulis

1. BEffects on Survivai, Development and Reproduction:

The effect of gamma rays on survival was more or less gimilar

for all species, except Gryllus bimaculatus which showed a2 very high
mortality rate (Table TIXVII). Gemma rays also inhibited the develop-
ment, especially of the younger—inster nymphs. Of the third-instar

nympos of Gryllus agsinmilis, Achetz domesticus and 3capsipedus nmar-

ginatus, which were irradiated with 100 rad and reared under standard
conditions after treatment, almost 2ll showed arrested development.
7o further moulting occurred in these nymphs, i.e., they remained in
the third-instar until they died (about two zonths after treatment).

A few irradiated nyrphs of G. agsiniliz, C. penngylvanicus, Acheta

domesticus and Scapsipedus marginatus, noWweverT, developed to the

2dult state, but showed atnoraal wing developnent.
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Crossing experiments were attempted between irradiated
females and normal males, and Vice Versa. Mating occurred and some
eggs were laid in both cases but not a single egg hatched. 1o egg

was produced when jrradiated females were mated with irradiated males.

Some nymphs of G. assimilis, irradiated in their penulti-
mate—instar with 1000 rad, were sacrificed (as last-instar nymphs)
21 days after treatment. These were snaller in body size than normal
and the gonads were 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 made up largely of dezenerated connective tissues, and were

covered with large amounts of fat.

ot all of the above effects which occurred in the indivi-
duals treated with gamma rays were observed on individuals treated
with uliraviolet rays. The latter developed normelly to the adult

stage and behaved like the control series.

2. Cytologsical ZIffects:

a. (Jamna rays

The nmost significant of the chromosomal abnormalities in-
duced by gamma rays was frarmentation, chromosonal brezkages being
obgserved at any stage of division. Therefore, in the present study,
ationtion was focused larsely on the occurrence of frarments, es-
pecially from a gquantitative viewpoint. Other ahmornalities, such
a5 the cegular occurrence of anzphase bridges (“ip3. 172,168, sticki-

ness (Pigs. 165,168), sapz (Fics. 167,158}, legging chromosomes {[Figs.
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169,170,171), unequal sesregation (Figs. 172,173}, multipolar con-
figuration (Tigs. 174,175,175), Glant spermatids (Fig. 177) and meio-
tic delay, were, however, also observed. The fragments varied in
appearance, size and nunber in different cells, but no difference
wag recorded with regard to the configurations observed as a result

of different dosages or in different species.

4lthough the fragments varied in size, they usually vere
very small, appearing as dots, tiny spheres, or small to large rods
(Figs. 178,179,180,181). They were found scattered throughout the
cells, outside or inside the nuclei. This distribution of fragments
through the cells (especially ouiside the spindle areas) indicated 2
lack of power in poleward moverent, and most of then could be expected
to be eliminated. The fragments were also observed to lie, either in
the vicinity of their respective parent chromosomes OX 23 separcte
scattered entities. They ranged from one to many in a single cell
(Figs. 182;183,184), the number, increasing, in general, witk increase
in dosage and duration of treatment. Formation of micronuclei, pro-
bably fron a few of the fragments, was also observed. Ring fragrments,
thougk infrequent, were found at boih metaphase (Fig. 185) and anaphase
(Pigs. 186,187). The fragneris may nave resulted from simple deletion
(chronatid and chronosone breaks), which might be terminal or inter—
stitial, or they may nave been derived during the formation of chromo—

some dicentrics.

Ya
Injpresent study, rultiple breaks, particularly affecting

the chromatids, were found to be quite freguent. Cnronosomal zZaps
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were usually ovserved in the cells containing free fragments, but the
frequency of the gaps was less than that of the free fragments occur-
ring in the same cell. Anmong the different species studied, the fre-
quency of free fragments was higher in those species with higher
chromosome numbders {Figs. 178,188), but the frequency of brezks was

hisher in the species with lower chromosome numbers (see Table XTXIX).

Chronmosomal bridges occurred very commonly in irradiated
cells, Like the fragments, anaphase bridges appeared in various
configurations, the most common being sticky bridges (Fig. 164) and
bridges due to delayed separation of chromatids (Fig. 163). Inter—
change bridges (Fig. 189) occurred only occasionally. Host of the
bridges ultimately broke up due to the mechanical pulling of the

spindle fibres.

Interbivalent connections occurred frequently. During the
diplotene and dialkinesis, usually more than half the bivalents were
connected, while, in some cells, 2ll bivalents were involved. At
metaphase I, some cells clumped into a mass (Mig. 190) or into a few
groups (Fig. 191). At diakinesis, different combinations of quadri-
valents, bivalents and fragments were observed. The formation of

quadrivalents was probably due either to the reciprocal translocation

of broken chronosome ends or to the stickiness of the chromosones,

Quantitative datz for fragmentaztions are recorded in Tables
XXXVIIT and XX{IZX. 7The frequency of occurrence was scored from nore
than 600 cells examined after different dosages and a2t specific stages

at ticular hours after treatment. 3Because of tae linited occurrence
par
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of second neiotic division cells, a quantitative study for this stage
could not be nade. The results indicated that anaphase I and telo-
phase I were the most sensitive stages and that the percentage of
damage increased with increazse in dosage and/or duration of treatment.
A graphical representation of the percentage of damage (Fig. 199)
takes the forn of an exponential curve., 1iio significant restitution

of breakage occurred in the cells within 10 days after radiation,

v, Ultraviolet

Penultimate-instar nymphs of only one species, Gryllus
assimilis, were used to study the effects of ultraviolet radiation.
Tre development and survival rates of individuzals treated with 15

D)

cn thoge of the control

H

mt/cn®/sec ultraviolet showed no difference f
serien. 1o chromosonal abnormality occurred after 20 days of con-
tinuous treatment. Abnormelities, such as breaks (Fig. 192) and
stickiness (Figz. 193), were, however, observed after 25 days of con-

tinuous treatnent., The guantitzative datr are as follows:

duration of 7 cells showing 7 cells showing breaks
treatment(days) stickiness rI a8 T
20 - - - -
23 22.7 2.4 4.7 3.9
30 59.3 9.1 11.4 11.2
0 (control) - - - -

PI = prophase I
T = netaphage I
= netaphese IT

A
-4
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D. Discussion

The present study has shown that gamma rays not only induce
chromosomal abnormalities, but also have an effect on survival, deve-
lopment and reproduction. The percentage nortality increased with
an increase in dosage and either eggs were not produced, or only
sterile eggs were laid by the treated females. 3imilar results were
also observed by Menhinick and Crossley (1968), Jobin et al. (1970)
and Funter and Krithayakiern (1971). Physiolozical changes caused
by ganma radiation have not been adequately explained. However, from
cytological evidence, the high mortality and sterility among test

insects are shown to be due to serious chromosomal danaze.

After radiation treatment, most of the cells in the testis,
especially those of the earlier—instar nymphs, were found to he in
interphase, because the most significant effect of radiation, besides
breakage, is inhibition of bota mitosis and meiosis. If a cell were
approaciing prophase at the tinme of freatment, it wouild be inhibited
from enterins this stage, or if it were in early prophase, it nmight
appear to resress in phase (Iller,1954). On the other hand, if a
cell were already in latc provhase, metaphase or anaphzze whien redia-

divigion without interruption.

2]

tion was appliel, it would cozplete it
™wo types of fragsmentation usually occurred after irradia-
tion in a tissue containins dividing cells: chromoscone type and chro-
natid tyre. The structural chznge occurring within or between chromo-—
sones and chrocaiids is one of sinple deletion, which regul

3 o~ 3 43 . - o 3 . ‘.
acroceniric fra ment and the excrangse of material., An exclange of
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the chromosome type may either be an intrachange, resulting in one
or two fragments, sometimes accompanied by the formation of a ring
bivalent, or one which usually results in the formation of a dicen-
tric bridge plus one or two fragments. Chromatid type abverrations
are essentially similar to those of the chromosome type, but show

nore variety of change, such as translocation, duplication, etc.

Three hypotheses have been put forward to explain the me-
chanism of chromosomal breakage due to radiation. The "breakage
first" hypothesis, proposed by Stadler (1928), is that a single
deletion is caused by a single break either in the chromatid or in
the chromosone., The "contact hypothesis'", suggested by Serebrovsky
(1929), is that breakage 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 two hypotheses (S5ax,1938,1939,1940,1941). &
third hypothesis known as the "exchange hypothesis", however, was
proposed by Revell (1959). According to this, a2ll chromatid and
chromosome breaks result from exchanges of the intra-—chromosomal type.
Certain cases of fragmentation in the present study can be explained
better by the exchange hypothesis than by the two previous hypotheses.
The occurrence of some types of fragmentation, however, do not fit
well with any of the three above hypotheses, and a different explana-

tion is necessary.

¥ihlman (1961) believed tzzt 2t least one iype of break,

extrene fragmentation of some or 211 chromosomes in a cell, does not
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arise by an exchange mechanism. Such extreme fragmeniation has deen
described under different names, such as chromosome "shattering" by
Lovelace (1954), "pulverization" by D'Amato (1950) and "total Zusam—
menbruch” by Marquardt (1950). The present study supports Fihlman's
helief. The occurrence of nunmerous frazments in a cell oust be a2
result of multiple breals caused by radiation and is not explicadle

on the basis of exchange.

Ivans (1962) pointed out that radiation induced large numbers
of breaks in chromosomes. In some instances there may be restitution
of a fragmented chromosome from its several parts, in some cases
siructural rearrangement may be involved; and in others, free frag-
nents appear and renain as such. That is to say, in some cases re—
joining occurs to give rise either to the original configuration or
to the forantion of exchange a2berrations, but in other cases, no such
rejoinins occurs, The evidence from the experinents on intensity of
radiation and fracturation by 3Sax (1939,1940,1941) and Fabergi {1940)
indicate that 2 breal remains available for rejoining for only a
limited period of time (up to one hour). Taoday (1954) found thet
when breaks are induced during the presynthesis period of IMA, i.e.,

a "chromosome break", adout 4C to 80 per cent showed no evidence of
gigter—chronatid union, wiereas when breaks are induced during the
vostgymthesis periold, i.e., 2 "chromatid break", nmore thar 30 per cent,
shoved sister—cihronatid union. “Yhen bdreakaze ends are capadle of re-
joining, the probability of restitution of the original chronosome
appears to depend, not on a difference in ithe bYraarage process, tut

mainly on whether or not other bresks are avziladle with which
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interchange can occur {Lea,1946). In sone cases, chance circums—
tances will prevent rejoinins ILez,1947%).

3acqg (1251) zxd zcunder and Mannz [1967) helieved that
radiation produced indirect eflects on tiio production of chromosomal

ons or gene rmtations, and tha+t ionizing radiations acted in

13

aberrat

-

the same manner as some organic percxzides whose action can be modified.

0

Yaufmann {1954) steted that the process of irduced chromosomal breakase
cannot at present be described ecither as a2 direct or anrn indirect
effect, for, whether the chenmical reactions originate for the most

art from molecules in nucleic acids and proteins, or are mediated

ket

throuch associated agueous solutions, is not clear. Towever, the

rotection afiorded by dissolved substances, such as cysieamine, ver—

o]

sene, sodiun cyanide, cystein, etc. {(3Bacq,1951; Zacqg et 21.,1951;
Mikaelson,1954; 2iley,1957; Ray-~Chaudhuri,1961; 3rahna g}ugi.,1961,
1962) strongly support the contention that the effects of radiation

are indirect.

Sensitivity to radiation, in the present study, varied be-—
tween different types of cells and division stages. 3avahager (1960}
indicated tiaet metaphase-anaphase I night be the most sensitive of
tae division sta_es. 3Jozenan and lletz {1249) zugssested that the higshest

frequency of aberrations occurred following irradiztion 24 anaphese

I. IXewcombe (1242}, imiting (1945) and Cakderg and Divinro (19600,

e
3.
.J-
<
O
(0]
o
IR

however, believed that neiotic metaphase was the nozt zers
for the production of aberrationa. Thiz may be partly decause of ihe

increcge in the nuaber of sirands wien the caromosome splits [Jax,12.40),

7 b s e e it APt e -
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or to the sirand breaking more readily at this stage (larshak,1237),

or it mavy be because reduced restitution occurs zt metaphase l3ax
\ b

1240).

oresent work included different divisional stages at the same deve-
lopmental time, it is difficult to indicaie the exact stages involved
at the time radiztion was applied. Prom the fact that the highest
danage occurred at anaphase I and telophase I, however, one might

assune that cells approaching metaphase, or already in metaphase, are I

the most sensitive. It has also been reported that cells with short
neiotic cycles and intermitotic periods are more sensitive to radia- {
tion and suffer greater damage than those with longer cycles (¥oller, i
1947; ¥nowlton and jidner,1950). ;

In the present study, some giant spermatids were formed after

irradiation. These gonmeiimes incorporated more than two sets of chromo-

somes. The formation of giant spermatids may have been as a result

of normal meiotic division being inhibited on account of irradiation
153

by gamma rays. Similar results after Y-rays treatment have been re-
ported for some Acrididae (White,1932; !i2kino,1239; Creighton and
Svens, 1941; Carlson,1941b). FKaufmann (1954), however, succested that

Ziant spermatids nmight originate in prophase cells that revert in

[oN

phase at the time of treatment and those chromosormes undergo a2 secon
doubling as they progress toward metaphase for a2 second tine.
Barly investigations sug ested that 2 single 'hit' by 7-

reys could induce only a single caromatid dreak at any given locus
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on a2 chromosoze., Later, many studies indicated that an X-ray 'hit!
could brez=k one or two chromatids and that secondary effects of a
single 'hit' could cause brezks simd taneously at the samé locus
(Patterson,1933; lioore,1934; Carlson,1937; Yaufmann,1937; Sax,1938).
In the present study, large numbers of both chromatid and chromosome
breaks occurred after gamma ray treatment, clearly showing that a2
single 'hit' can, indeed, brezk more than one chromatid at the same
locus, and/or, that secondary effects of a single 'hit' may produce
further breaks on the chromosomes. Single hitsapart, however, mul-
tiple hits of gamma rays were presumably the main ceause producing

the numerous brezks and fragnents occurring in individual cells.

In Fig. 199 the number of bpreaks are plotted against radia-
tion dose and show an exponential increase in breakage with increased
dosage. This is in agreement with Zimmer (1941) who indicated that
the curves for Qultiple-hit events would be of the powered exponential
type, rather than of the straight-line type for single-hit events
(52x,1938,1940). Zimmer (op. cit.) added that, under certain condi-
tions, such an exponential curve could have an almost linear middle

rangee.

In the crickets here studied, there was gome variztion in
radiosensitivity between different species. Differences in the res-
ponse of chromosomes of different species to ionizing radiation would
depend upon a large nunbder of factors, one of the most important deing
the totel volume of the chromosomes in the nuclei (Jsterzren et al.,

1958; Sparrow et 21.,1961; Zvans,1961,1962). The increased effects
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which accompanied the increase in chromosome volume was interpreted
by these authors as being due to an increased target size. This,
therefore, might be the reason why, in the cricket species studied,
those having higher chromosome numbers also shovwed greater damage
(more fragments) in a given cell than did species with lower chromo-

some numbers. The latter group (e.g., ichete domesticus), however,

showed higher frequency of total breakage than did the former group.
This night be explained on the premise that "the long chromosomes have
been found much more sensitive to radiation than the shorf chromosomes"
(Sharma and Chatterji,1962).

The present studies have shown that ultraviolet radiation
produces some structural changes in the chromosones, but the fre-
quency of aberration induced by a given dose of uliraviolet rays was
found to bYe ruch lower than that resulting from gamma radiation ziven

in a similar dose.
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V. CONCLUSIONS

Cytology has greatly influenced the systematics of many
groups by offering a new approach to research on phylogenetic rela-—
tionships, for it supplies additional evidence and new concepts leading
to a better understanding of a particular group. The study of syste-
matics, therefore, may be greatly improved by the development of

cytological investigations.

In Gryllidae, the chromosome number is not constant (i.e.
there is no 'model' number) throughout the whole family, nor even
Within any one subfamily. This jmplies, either that the family is
polyphyletic, for which there is little or no otaer evidence, or that
considerable evolutionary change has occurred within the groups and
that the fomily is thus one of great antiquity, which the fossil re-
cord indeed shows (Zeuner,1939; Sharov,1968). Evidence so far avail-
able suggests that,in the course of evolution, various groups of
crickets have been involved in both upward and downward changes in
chromosome nunber from a possible encestral complement in the vicinity

of 2né=21.

Thus, the chronosone nunder alone is a valuadle character

which may be used in the classification of ithe Cryllidae, IHaryotypes
and oiher cytoleosical characters, howaver, are also of value in this

respect since different genera, gch 28 Acheta, Scapsipedus, Gryllodes

chromosone nunher Wit show narked

oszieloaal characters. Yaryotypic

erve egpecially

=
5
X
]

erences are also useful at the species leve
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well tu distinguish between Gryllus species.

Chromosome number, the structure of the X chromosome and
other cytological characters, the form of the testes, combined with
morphology and acoustic behaviour, set the subfamily Gryllinae apart
from the MNemobiinae. FPFurther, studies of many species may perhaps
reveal not only comparable differences between other subfamilies and
families of Grylloidea but also the desirability of further generic

differentiation in certain groups.

With respect to the cytogenetic effects of radiation, the
present work indicates, in a limited way, for crickets, that radio-
sensitivity increases with increase in chromosome 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.

Chromosomal abnormalities are also produced by chemical
treatments. Some chemicals, such as colchicine, caffeine, phenol,
have been used as a pretreatment substance for studying the chromosome
norphology when aprlied at low concentrations. The present study
shows, however, that these chemicals, especially phenol and caffeine,

are not safe to employ as pretreatment agents, even when anplied at
low concentrations.
The cytogenetic abnormalities caused by strong, artifically

induced, environmental factors, suck as unnatural amounts of ionizing

radiations or concentrations of toric chemicals, may be very great.
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Pollution of the environment by such agencies may therefore have very
serious long-term consequences. However, it should be borme in mind
that, even in the absence of such agencies, similar abnormalities
occur to a lesser degree (or even to a comparable degree, as was

possibly the case with the Gryllus campestris studied). Further inves-

tigations on the relative effects of chemicals and radiation on chromo-
gomes are clearly necessary in order to solve the problems concerning
the degree of cytological damage directly attributable to various

Porms of environmental contamination.
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VI. SUKKARY

Thirteen species of the subfamily Gryllinae and seven species of
the subfamily Hemobiinae have been studied cytologically. The
spermatogonial numbers range fron eleven to thirty-one in the

former group and from seven to twenty-one in the latter.

The chromosomes of Cryllinae assume various shapes and sizes; they
nay be spheres, short to long rods, J-shaped or V~shaped., The
distribution of these various types of chromosomes among different

species differs. The subfamily shows uniformity of the form of

the sex chromosomes and of the testes.

The male diploid chromosome number is 29 in all species of Cryllus
examined, except for scme individuals of G. veletis possessing
supernumerary chronosomes. Analysis of karyotypes showed that

acrocentric chromosomes were very common in G, veletis, G. bima-

culatus and ¢. campestris but rather rare in G. asgsimilis, G.

berrmudensis, G. pennsylvanicus and G. rubens, The variation in

karyotype ard the complete incompatibility between certain species
of Gryllus indicated that some inportant structural changes have
occurred during evolution, even although these changes have so

far led to no change in the basic chromosome number.

Two populations of "G. bimaculatus”, one from the izores and the

other from Singapore, probably belong to different species.
Chromosomel aberrations occurred in the F1 ceneration of the 3in-

gepore population; they produced no offspring.
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5., Two male individuals of G. cam estris, from Hungary, were studied
and they showed many chromosomal abnormalities which were similar
to those induced by chemicals and radiation. The reason for the

abnormalities is unknown, but a possible cause is discussed.

6. The uniformity of karyotype throughout those members of the sub-
family Nemobiinae studied is very remarkable. All of the auto-

somes were acrocentrics in Neonemobius, except in ¥. sp. near

mormonius, and in Allonemobius, while the autosomes were 2ll meta-

centrics in Eunemobius. However, the structure and size of the

X chromosome and the testes varied from genus to genus.

7. One or two supernumerary chromosomes occurred in some individuals

of Gryllus veletis, the chromosome number of this species thus

varied between 2n8=29 and 31; no supernumerary chromosome was

observed in the sympatric species G. pennsylvanicus. The presence

or absence of supernumerary chromosomes had no noticeable effect

on the outward appearance of individuals of G. veletis.

8. Chromosomal polymorphism was quite common in both Gryllinae (ex-
cept in the genus Gryllus), and in Nemobiinae; it usually occurred
in the form of a single heteromorphic pair. Translocation bivalents,
instead of the heteromorphic bivalents occurring in other genera,

were observed in Allonemobius.

9. Chromosomal bridges occasionally appeared in G. veletis, G. pennsyl-

vanicus, G. rubens, Gryllodes sigillatus, Yeonemobius palustris,

H. sp. near mormonius, Allonemodbius griseus and A. fasciatus.

They were mainly sticky bridges and would separate again at late

s B s e R e
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telophase under the influence of the spindle fibres.

An analysis of chiasma frequency within diplotene cells was made.
There was a positive correlation between chromosome length and
chiasma frequency, but this relationship was not strictly linear

throughout the chromosome complement, either within or between

species.,

It is suggested that the evolution of the chromosome complement
in the Cryllidae has probably progressed by both increase and

decrease in number (possibly from an ancestral number in the vi-
cinity of 2n%=21), centric fusion playing 2 more important part

than centric fission.

12. Various chemicals, caffeine, colcemid, colchicine, cupferron,

13.

14

ethyl acetate, glacial acetic acid and phenol, were used to induce

chromosomal abnormality in some species.

Two methods of administration, injection and feeding, were used.
In the injection-administered series, 0,02-0.05 ml of chexzicals
were introduced via the abdominal pleura and the insects were
sacrificed a2t vayious times after injection. In the feeding-
administered series, the aqueous solutions of chemicals were

either mixed with the standard food or supplied in drinking water.

Chromosonal abnormalities, suck 25 breskage, stickiness, bridges,
lagging, c-mitosis, polypleidy, non-disjunction and unequal szegre-—
cation were observed as a result of chemiczl treatment. C2 211

the treatments, prenol produced the highest degree of abnormality.
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In addition to the production of chromosomal abnormalities, sone
chemicals, such as colchicine and cupferron, were found to have
a lethal effect; cupferron and caffeine also had an inhibitory

effect on the maturation of the last-instar nymphs.

16. ¥ymphs of various species were exposed to gamma radiation using

17.

18.

19.

20,

a cobalt 'bomb'. The dosages applied were kept constant at 54.35
r/sec but the exposure time varied in different treatments. The
irradiated insects were studied at differen: intervals. Gamma
radiation was found to have an effect on oviposition, reproduction

and survival of the tested insects.

Comparative radiosensitivity in different species was scored par-
ticularly from the frequency of chromosome fragmentations, altkough
other aberrations such as stickiness, bridges, lagging, multipolar,
unequal segregation, gaps, etc. were also observed. Ifith regard

to chromosomal breakage, the species having higher cahromosome
numbers were much more sensitive than those with lower numvers;
cells approaching metaphase appeared to be in the most sensitive

stage.

The occurrence of numerous brezks and fragments in a single cell
might be a result of multiple 'hits' by genma Tays.

The frequency of aberration induced by ultraviolet radiation was
found to be much lower than that produced by gamma rays, given
in a similar dose.

The sensitivity to different chemicals and radiations varied be-

tween different species.
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21. Changes in chromnosome number would appear to have occurred within

22.

the Gryllidae during the course of evolution. Chromosome number,
as well as other cytological features, thus provide valuable

taxonomic characters in this family.

Purther investigations on the relative effects of chemicals and
radiation on chromosomes are necessary in order to solve problem
concerning the degree of cytological damage attributable to

various forms of environmental contamination.
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Tables and Figures



Table I Frequency of four different types of chromosonmes in

Gryllidae.

Species 4 3T 3 I Total chromosome pairs
Cryllus veletis 10 5 - 1 15 + X
G. pennsylvanicus 3 7 2 3 14 + X
C. 2ssimilis 4 7 1 3 14 + X
G. binaculatus 9 5 - 1 14 + X
G. bermudensis 4 T 3 1 14 + X
G. rubens T 2 4 2 14 + X
G. campestris 9 3 1 2 14 + X
Acheta domesticus 4 1 2 4 10 + X
Gryllodes

sigillatus 5 5 - 1 10 + X
Scapsipedus

marginatus 3 2 2 4 10 + X
lflelanogryllus

degertus 3 1 5 2 10 + X
Tartarogryllus

burdigsalensis 3 3 1 3 9 + X
Heonemobius

palustiris 9 - - 1 9 + X
Y. sp. near

mormonius T 1 - 2 9 +X
Allonemobius

fasciatus 1 - - 1 T+ X
A. a2llardi 7 - - 1 T+X
A. g. griseus 7 - - 1 7 + X
Zunenobius

- - 1 3 3+

Ce carolinus

liote: L =acrocentric : 2rn ratio=T.01-®
3T =guditelocentric : arn ratic=1.71-7.77
3¥ = gusnetacentiric : arz ratio=1.31-1.70
¥ =petacentric : ara ratio=1.00-1,.30
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Table II Xaryotype of Gryllus veletis (2nd= 31).

chromosome length arm chromosone K/A centromeric
number inp ratio designation index
1 2.75 - A 5.30 0
2 3.01 - A 530 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
1 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 o
" 3.95 - A 4,04 o}
12 4.14 2.06 3T 3.85 32.60
13 4.36 - A 3.66 0
14 4.60 2.01 ST 3.47 33.04
15 4.93 2,02 ST 3.23 33,06
X 15.97 1.15 bt 16439
TCL 127.62



mable IIT Karyotype of Gryllus pennsylvanicus (2nd=29).

chromosome length arm chromosome X/A centromeric
number in @ ratio designation index
1 2.86 - A T7.02 0
2 3.24 - A 6.20 0
3 3.54 1.26 I£ 5.67 44.06
4 3.87 147 Si 5.19 40.31
5 4.1 1.76 3T 4.89 36.00
6 4.4 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 3T 3.98 24.95
10 5.09 - A 3.94 0
11 573 1.35 SM 3.50 42.58
12 6.12 2.31 3T 3.28 30.06
13 6.46 2.71 3T 3.11 2T.24
14 T.64 1.23 M 2.63 4476
X 20.10 1.13 Bt 16476
CL 147.45



mable IV Karyotype of Gryllus assimilis (2n8=29){sntigua population).

chromosone length arm chromosome X/A centromeric
number inp ratio designation index
1 2.57 - A T.76 0
2 3,07 1.98 3T 6450 33.55
3 3.49 2.12 8T 5.71 32.049
4 3.57 - A 5.59 0
5 4.04 - A 4.94 0
6 4.19 2436 ST 4.76 29.59
7 4450 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 29.90
10 5.28 1.99 ST 3.78 33.33
1 556 - A 3.58 0
12 6.05 1.69 SH 3.29 37.02
13 6.63 1.22 ! 3.01 4A.9%
14 8.53 1.21 Jd 2.33 1513
< 19.96 1.12 ot 4£7.09




Table V Karyotype of Gryllus bimaculatus (2n3=29)(.Azores population).

chromosome length arm chromosone X/A centromeric

nunber in n ratio designation index
1 2.48 - A 179 0
2 2.74 - A 4e33 0
3 2.89 - 4 4.11 0
4 3.02 - A 3.93 o
5 3.07 1.89 ST 3.86 34452
6 3.19 - A 3.72 0
1 3.27 - A 3.63 0
8 3.36 - A 3.53 Y
9 3.41 1.91 57 3.48 34.31
10 3.49 - A 3.40 o
11 3.58 2.31 ST 3.3 30.16
12 3.73 1.79 ST 3.13 35.65
13 3.94 - A 3.01 o
14 4.18 254 3T 2.94 23,22
X 11.88 1.13 ¥ 15.79

CL 104497



Table VI Karyotype of Gryllus bermudensis (2nd=29).

chromosome 1gngth arm chr9mosoge X/A cen?romeric

number in p ratio designation index
1 2.65 - A Te55 o
2 2.97 1.62 Sid 674 38,04
3 3.37 1.93 ST 5.94 34.12
4 3.53 - A 5.67 0
5 3.69 1.85 ST 542 34.68
6 4.24 2.02 37 4.72 33.01
1 4.30 2.09 ST 4 .65 32.32
8 4.64 1.90 ST 4431 34.48
9 4.78 2.09 ST 4.18 32.21
10 4.97 - A 4.02 0
11 513 1.82 ST 3.90 35.28
12 5.30 1.62 3K 3.77 38.11
13 5.83 - A 3.43 0
14 6.45 157 SK 3.10 8.75
X 20.02 1.16 M 46.20
TCL 145.44



Table VII Karyotype of Gryllus rubens (2n8=29).

chromosome length arm chromosone X/ A centroneric

nunmber in p ratio designation index
1 2.41 - A T7.03 0
2 2.69 - A 6.30 0
3 2.80 1.49 SH 6.05 40.00
4 2.97 1.67 SH 5.70 37.37
5 3.12 - A 543 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 SH 4.35 37.53
11 4.13 - A 4.10 o
12 4.53 2.06 3T 3.74 32.67
13 5.02 1.43 SHi 3.37 41.03
14 6.39 1.12 M 2.65 47.10
X 16.95 1.19 M 45.48
TCL 120.17



Table VIII Karyotype of Gryllus campestris (2nd=29).

chromosone length arn chromocsome X/A centromeric

number in n ratio designation index
1 2.41 - & 635 0
2 2.63 - A 5.82 0
3 2.84 - A 5639 Y
4 3.08 - A 4.97 0
5 3.24 - A 4.72 0
6 3.51 - A 436 0
1 3.62 - A 4.2} 0
8 3.69 2,06 ST 4.15 32.52
9 3.88 - A 3.94 0
10 3.97 2.00 ST 3.35 33.24
11 4.17 1.90 ST 3.67 34.53
12 4.43 - A 3.45 Y
13 4.75 1.68 SH 3.22 37.26
14 580 1.19 H 2.64 45.51
X 15432 1.10 5 47.58

TCL 119.33



Table IX Trequency of chromozonal abnormalities of Gryllus

cagzestris.

stages “ abnormalities
M 238 T AT TT R
c-mitosis - 6C.60 - - 76.20
polyploidy 25412 - - C- -
chromosomal breaks 15.18 25.80 21;62 - -
stickiness 48.14 52455 - - -
clumping - 15.07 - | - 12.43
non-disjunction - 5¢53 - - -
lagging - - 24.86 41,66 -
bridges - - 8.10 - -
unequal segregation - - 11.35 8433 -

Prophase I

lietaphase T
Anaphase I

Telophase I
Hletaphage IT

Aanan

ol



mable X Xaryotype of Achete domesticus (2nd=21)

chrom?some 1§ngth afp chrgmosc?e x/4 cen?romeric
nunber in pn ratio designation ‘ index
1 3.00 - A 5e32 0
2 3.29 - A 5.76 0
3 3.50 2.15 ST 542 31,71
4 3465 - 4 5.19 0
5 4419 - A 4.52 0
6 4.90 1.45 Sx 3.87 40,81
7 5¢17 1.13 4 3.60 46.80
8 5¢59 1.31 3L 3.39 43.11
9 6.11 1.26 bt 3.10 44011
10 6.45 1.17 1§34 2.94 45.89
X 18.97 1.16 ¢ 17.23

TCL 110.8/.1



Table XT Karyotype of Gryllodes sigillatus (2nd=21).

chronesone gt s e T Thae

1 3.08 - A 5.71 0

2 3e54 - A 4496 0

3 3.57 1.79 ST 4492 40.05
4 3.64 2.08 ST 4.83 32.41
5 3.96 - A 4444 0

6 4.07 2.86 ST 4,32 25.79
7 4437 2.99 3T 4,02 24..94
8 4.64 - A 3.79 Y

9 5.03 4.03 s? 3.49 19.88
10 5.67 - L 3.10 0
X 17.59 1.15 1 40,33

TCL 100,56




Table XIT Karyotype of Scapsipedus marginatus (2nd=21).

chronosome 1§n5th arn chr?mosoge X/A cen?romeric
number inp ratio designation index
1 3.90 - A 4.58 o
2 4.36 3.03 3T 4,08 24465
3 4.75 - A 3.76 o
4 5.20 - 4 3.44 0
5 5451 1.71 ST 3.24 36.84
6 572 1.66 3K 3.12 37.58
1 6.36 1.30 i 2.81 43.39
8 6.82 1.31 Sk 2,62 43,25
9 T.33 1,26 M 2.44 44.20
10 8.14 1.20 3! 2.19 45445
X 17.89 1.12 ATe12

TCL 134,92



Table XIII Xaryotype of Melanogryllus desertus (2nd=21).

chromosome lgngth arm chr9mosope X/A cen?romeric

nunber in p ratio designation index
1 A4 - A 4.10 0
2 4.69 - A 3.62 0
3 5611 1.81 3T 3.32 35.42
4 5470 1.49 SM 2.98 40.00
5 6.38 1.62 SH 2.66 38,08
6 6.58 - vy 2.58 0
7 7.03 1.37 34 2.41 42.10
8 T7.30 1.34 3K 2.32 42.60
9 8.01 1.46 SH 2.12 40,57
10 8.99 1.18 I 1.89 45.71
X 17.00 1415 5 46,35

TCL 145.10



Table XIV ¥aryotype of Tartarogryllus burdigalensis (2n$=19).

chromosomne lgngth arn chr9mosope /A cen?romeric

numbexr in n ratio designation index
1 3.48 - A 5.40 0
2 3.96 2.75 ST 4.75 26451
3 4.24 - 4 4.43 0
4 4.56 3.07 ST 4.12 24.56
5 5.21 2.58 ST 3.61 27.83
6 572 - A 3.28 0
7 7.02 1.31 su 2.67 43,16
8 7.85 1.29 11 2.39 43456
9 10.94 1.09 3! 1.71 47.80
X 18.81 1.12 34 47.10

TCL 124.92




Table XV Xaryotype of leonemobius palustris (2n$=19).

chromosome length arn chromosome centromeric
nunber in p ratio designation X/A index
1 3.95 - A 4.01 0
2 4.12 - A 3.85 o
3 4.40 - A 3.60 0
4 4.64 - A 3.42 0
5 4.93 - 4 3.21 0
6 5.20 - A 3.05 0
7 5.42 - 4 2.92 0
8 5.92 - A 2.68 0]
9 6.96 - A 2.28 0
X 15.87 1.10 o 47.58
TCL 97.92



Table XVI Karyotype of Neonemobius sp. near mormonius (2nd=19).

chrom9some 1§ngth arn chrgmosoge K/A cen?romeric
nunver in p ratio designation index
1 2.71 - L 5.90 0]
2 3.46 - L 4.72 0]
3 3.96 - A 4013 0
4 4.12 - A 3.97 0
5 4.45 - A 3.67 0
6 4.96 - A 3.29 o)
7 5.18 - A 3.15 0
8 5.45 4.99 5T 2.99 16,66
9 12.44 1.09 M 1.31 47.74
X 16.36 1.13 13 46.94




Table XVII Xaryotype of sllonemobius fasciatus (2nd=15).

chromosome lgngth arm chr?mosoge X/A oen?rbmeric

nunber inp ratio designation index

1 3.14 - A 1.52 0

2 3.16 - A 4.5C e

3 4432 - 4 3.29 0

4 4.52 - A 3.14 0

> 4.93 - A 2.88 0

& 6.00 - A 2.37 0

7 G40 - A 2.20 0

X 14.22 1.07 bt 48.28
TCL 73.42
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Table YVIII Xaryotype of Allonecmobius zllardi

(2n8=15).

chromoscome 1?ngth arn chr9moso§e K/A cen?romeric
nunber in p ratio designation index
1 3.16 - g4 474 0
2 3.57 - L 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 - i 2.48 0
T 5442 - A 2.33 0
K' 15,00 1.15 il 10415

™CL 14.40




Table XTX Karyotype of illonemodius griseus (2a8=15).

chromosone lgngth arnm chr9mosoge K/A cen?romeric
number in p ratio desigmation index
1 3455 - A 4¢32 o
2 4.05 - A 3.85 0
3 474 - A 3.22 0
4 510 - A 3.05 0
5 5.55 - A 2,76 0
6 T.91 7.05 A 1.97 12,38
7 8.01 157 A 194 11,01
X 15.060 1,09 1 AT.94




mable XX Karyotype of Bunemobius carolinus carolinus (2n8=7).

cnromosone lgngth arn chr9mosoge K/A cen?romefio
number in p ratio designation index
1 10.67 1.15 1 1.26 47470
2 12.27 1.24 I 1.10 44,58
3 13.84 1.10 il 0.97 4754
X 13492 1641 i 41.42

CI. 89.21




Table XXI The percentage chiasma frequency of Gryllidae (scored at diplotene).

% chiasma frequency

S i
pecles 5¥%ta L4LXta 3Xta 2Xta 1Xta Xta/cell Xta/bivalent

Gryllus veletis - - 5.52 30.62 63.96 21.37 1.42
G. pennsylvanicus - - 10.25 L6.50 L4L3.25 27.20 1.70
G. assimilis
TAntTgua population) - - 10.97 36.87 52.16 2L . 4,6 1.63
G. assimilis
TJamalca population) - - 10.85 38.37 50.78 24.78 1.65
G. bimaculatus
TAzores population) - - 6.94 37.10 55.44 22.59 1.50
GC. bermudensis - 1.95 11.19 42.39 LL4.L7 25.60 1.68
G. rubens - O.44 6.00 38.22 55.33 23.23 1.55
Acheta domesticus 1.06 5.56 20.44 45.50 27.44 20.95 2.09
Gryllodes

sigillatus - 0.82 10.05 46.13 43.00 18.63 1.68




Table XXI - continued.

% chiasma frequency
Species
7Xta 6Xta 5Xta ALXta 3Xta 2Xta 1Xta Xta/cell Xta/bivalent

Scapsipedus

marginatus - - 1.09 5.39 21.37 L45.79 26.36 23.25 2.10
Tartarogryllus

5ur3Iga¥ensIs - 0.3 1.74 5.37 15.95 46.98 29.75 19.40 2.15
Neonemobius

palustris - - - - 0.33 42.86 56.81 14.35 1.43
N. sp. near

mormonius - - 2.00 6.00 4.00 32.00 56.00 16.60 1.66
Allonemobius

Tasclatus - - - 0.25 2.87 L1.26 55,62 11.82 1.47
A. allardi - - - 0.18 2.25 37.76 59.81 11.42 1.42
A. g. griseus - - - 3.38 16.30 3L4L.4L  L5.88 13.07 1.63
Eunemobius

c. carolinus 2.90 10.94 25.14 29.02 20.00 12.00 - 12.17 3.04




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 L 5
Gryllus veletis - 13.00 34.00 34.50 15.50 2.50
+2.17  +2.27  #2.09  +2.17  +0.25
G. pennsylvanicus 27.70 L2,00 26.32 2.40 - -
+0.96 +0.76 +1.05 +0.47
G. assimilis 30.30 4L,6.60 21.50 1.50 - -
TAntigua population) +2.41 +2.11 +1.47 +0.50
G. assimilis 27.50 L7.32 22.50 2.66 - -
TJamaica population) +1.03 +0.97 +0.92 +0.35
. bimaculatus 11.75 38.50 33.87 12.75 1.87 -
Thzores population) +1.09 +2.07 +1.49 +1.27 4+0.51
G. bermudensis 20.33 L4 .50 26.08 741 1.33 0.33
+1.94,  +3.04  +2.43  +1l.42  30.39  +0.14
G. rubens 24.50 L7.32 22.50 L .00 1.00 -
+1.03  +0.97  +0.92  #0.35  +0.19
G. campestris 20.68 54.31 21.55 344 - -
4+1.10 +0.78 +1.02 +0.56
Acheta domesticus 11.50 35.80 38.20 12.60 1.30 0.30
+0.84 +0.66 +1.06 +0.68 +0.36 +0.21




Table XXII - continued.

number of ring-formed chromosomes
Species 0 1 2 3 L 45 [
Gryllodes 27.14 L4 .29 2L.29 L.29 - - -
B TN glllatus +1.05  +0.79  +0.91  +0.4}
Scapsipedus 21.75 39.00 27.75 9.16 1.91 0.41 -
marginatus +1.90 +0.87 +1.16 +1.11 +0.57 +0.14
Tartarogryllus - - 12.37 L0.37 32,62 13.25 1.25
burdipalensis +0.82 +1.33 +1.37 +0.97 +0.36
Neonemobius L9.83 43.83 6.08 0.26 - - -
palustris +4.48 +2.78 +1.84 +0.18
N. sp. near - - 38.80 33.40 27.78 - -
mormonius +0.78 +0.42 +0.54
Allonemobius L.16 21.00 29.32 26.00 14.66 3.98 -
fasciatus +0.78 +2.91 +2.25 +1.83 +2.43 +1.36
A. allardi - 25.40 L47.00 2L .40 3.20 - -
+1.77 +0.99 +1.31 +0.49
Ao [} g!‘iseus l}osl& 38.72 1&0.90 15.’41} 0.36 - -
& & +0.42 +1.21  +1.39  +0.91  +0.18
Eunemobius - 3.08 35.38 61.54 - - -
c. carolinus +0.41 +0.97 +0.84




Table XXIII The percentage frequency of interstitial chiasmata and
terminal chiasmata of Gryllidae (scored at metaphase I).

Species Interstitial chiasmata Terminal chiasmata
Gryllus veletis 76.55 0.60 23.45 0.60
G. pennsylvanicus 86.93 1.55 13.07 1.55
G. assimilis
Tantigua population) 89.44 037 10.56 037
G. assimilis
TJamaica population) 87.20 0.87 12.80 0.87
G. bimaculatus
Tazores population) 69.34 1.06 30.66 1.06
G. bermudensis 88.25 0.50 11.75 0.50
Ge rubens 90.40 1.00 9.60 1.00
Ge campestris T79.93 0.14 20,07 0.14
Acheta domesticus 97.24 0.29 2.76 0.29
Gryllodes sigillatus 92.53 0.94 T.47 0.94
Scapsipedus

marginatus 98.96 0,10 1.04 0.10
Tartarogryllus

burdigalensis 97.32 0.39 2.68 0.39
lNleonemobius

palustris 96.32 0.52 3,68 0.52
N. sp. near

mormnonius 96008 0076 3092 0076
Allonemobius

fasciatus 85.33 1.11 14 .62 1.11
A. allardi 83.93 1.09 16.07 1.09
A. g iseus 89.32 0.82 10.68 0.82
Bunemobius

Ce carolinus 100,00 0.00




Table XXIV Number of species having the same chromosome number in Grylloidea*.

2N
oroui~ 7

9 11 13 14 15 17 18 19 20 21 23 25 27 29 31 Total
" Gryllinae - - 5 2 - 2 3 - 6 - 15 5 7 13 1 60
Nemobiinae 3 - 3 - - 9 6 - 5 - 1 - - - - 27
Mogoplistinae - - 1 - 1l - - - 2 - - - - - - IN
Eneopterinae -1 2 2 - 1 1 =- 4 - - - - - = 11
Trigonidiinae - = 2 = = = - 2 - - - - - = 8
Phalangopsinae - - 1 - - - - - 2 - 1 S L
Scleropterinae - - - - - l - - - - - - - - - 1
Oecanthidae - - = = = = « 1 4 1 - - - - - 6
Total 3 1 14 4 1 17 10 1 25 1 17 5 7 13 1 121

* From Makino (1951,1956), Ohmachi (1958), Randell and Kevan (1962), Bhattacharjee
and Manna (1967), Leroy (1967), Lim (1971) and the present work.



Table XXV Frequency of abnormalities produced by different methods of administration
of 0.5% caffeine in Gryllus bermudensis.

duration of % abnormalities

mode of
administration tfgg;g?nt breakage stickiness
PT MI AT T Dipl. Diak.
Injection 1l 6.79 L.92 11.30 10.00 92.59 11.19
Food 3 5.63 5.09 11.36 7.25 83.89 9.56
10 15.90 10.10 29.07 19.00 98.08 20.27

PI : Prophase I
MI : Metaphase I
AI : Anaphase I
TI : Telophase I

: Diplotene
: Diakinesis



Table XXVI Frequency of abnormalities produced by 0.5% caffeine administered by

injection.

duration of

% abnormalities

species tfﬁatme?t breakage stickiness bridges c-mitosis
ours PT _ MI__ Al TI Dipl. Diak. AL MI
Gr llus 5 3o05 1057 LI-OBS 3.13 89.29 10011»6 - -
Eermudensis
24 6.7, 4.92 11.30 10.00 92.59 11.19 - -
Acheta 5 1.70 2.13 L4.76 3.03 78.,8  3.75 10.81 -
domesticus
Scapsipedus 5 2.5, 2,76 8.70 10.46 66.67 8.39 3.60 23.08
marginatus
2L 6.7 5.23 11.90 16.85 93.07 11.11 37.93 23.55

PI : Prophase I
MI : Metaphase I
AI : Anaphase I
TI : Telophase I
Dipl. : Diplotene
Diak. : Diakinesis



Table XXVII Frequency of abnormalities produced by 0.057% colcenid
after 20 hours of treatment.

7 abnormalities
Species brezkaze stickiness lagging
T jea AT I rT AT
Gryllus assimilis 299 2.52 2.74 2.99 42470 -
Ge pennsylvanicus 3.5 5.95 14.81 13.25 69.01 a,28
PI Prophase I

MI : lietaphase I
AT : Anaphase I
TTI : Telophase I

Table XXVIII #requency of chromosomzl abnormzalities produced by
15 cupferron in Gryllus burmudensis.

% abnormalities

Duration of

treatment hreakage bridges sticKkiness
PI T AT T AT Dipl. Diak.
3 days 13.71 4.43 11,86 552 6.78 83.27 10.02
1C days 20.40 13.48 22,05 17.65 10.21 926 .85 17.65
PI : Prophase I
T : Metaphase I
4T : Anaphase T
TI : Telophase I

: Diplotene
+ Diakinesis

2
3
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mable XXIX Frequency of chromosomal abnormalities produced by
0.057 phenol after 12 hours of treaiment in Gryllus

bimaculatus.
:\\\\\\\\\Ezfii\ < abnormalities
Stages breaks lagging bridges polyploidy stickiness
prophase T 4463 - - - 28,20
netaphase I 5429 - - - 15.36
anaphase I 9.76 1.22 7.32 - 16.13
telophase I T.41 - - - -
prophase II 3.57 - - - 37.50
netaphase IT 1.30 - - 0.87 20.11
anaphase II 4.35 - - - 7.69
telophase IT - - - - -

interkinesis - 4L.65 - - -




mable XXX Frequency of chromosomal abnornalities produced by
0.1" phenol after 12 hours of treaiment in Gryllus

bimaculatus.
\\\\\\\\ Tres “ abnormalities
Stages ™~ hreaks lagoing ovridges polyploidy stickiness
prophase I 10.36 - - - 55.31
nmetaphase I 5.98 - - - 25.71
anaphase I - 18.94 2.27 5.30 - 20.82
telophase I 18.1€ - - - -
prophage II 15.29 - - 5.83 52.69
netaphaze II 4,04 - - 2,02 20.85
anaphase IT 7.97 2.7S 7.97 3.28 12,27
telophase IT 15.21 13.64 - - -

interkinesis - 25,3




Tehle T

I'r eq
O 057
imac

uency of ch
phenol after
ulatus.

romosomal abnormalities produced by

24 hours of treatment in Cryllus

% abnornalities
breaks lagzing bridses polyploidy sitickiness c—-nitosiz
prophage I 8.23 - - - 50.C7 -
nmetaphase I T.25 - - C.14 22.39 -
anaphase I 17.42 5016  10.97 - 24,05 -
telopﬁase I 14.55 14.55 T.27 - - -
prophase IX 16.93 - - 2.12 55.87 -
netaphase IT 513 - - - 28.25 1,02
anaphase IT 9.33 - - - 20,00 -
telophase II 6ed5 9.68 3.23 - - -

interkinesia




Tavle TXXII TIrequency of chromosomal abnormalities produced by
0.1% phenol after 24 hours of treatment in Gryllus

bimaculatus.
. % abnormalities

;;;;ZE\\\iifii breaks lagging bridges polyploidy +ickiness c-nitosis
prophase I 9.56 - - - 62,08 -
netaphase T T.76 - - 0.12 27.35 -
anaphase I 27.867 14,08 12,68 - 39,02 -
telophase T  22.58 22.58  3.23 - - -
prophase II 26.67 - - - 63.64 -
metaphase II 5.98 - - 3.53 29.17 2.35
anaphase II 12.82 - 2.56 - 22.58 -
telophase II 16,67  8.33 - - - -

interkinesis - 36.96 - -




mrequency of chromosonal abnormalities produced by
0,057 phenol aiter 72 hours of treatment in Gryllus
bimaculatus.

mmes 7 abnormnlities

'f." y \\ - L3 . . - 3
Stages \\\\\‘ brealis lagging bridges polryploidy stickiness

prophase I 12.69 - - - 46,55
metapnase I 8e34 - - 0.10 28.83
anaphase I 20.00 3.41 3.90 - 15.67
telophase I 9.46 21.79 - - -

prophase II 27.03 - - - 61.29
metaphase II 530 - - 0.89 30.21
anaphase IXI 11.11 4.04 1.01 - 26.92
telophagse IT 7.58 4455 - - -

interkinesis - 20.7T1 - - -




Table XXXIV Frequency of chromosomal abnormalities produced by 0.1% phenol after 72.
hours of treatment in Gryllus bimaculatus.

. Types % abnormalities
Stages-“~\\\\\breaks lagging bridges polyploidy stickiness 'ggggunction igggzgzéion
prophase I 22.09 - - 1.8, 63.30 -~ -
metaphase I 32.58 - - - 29.28 5.88 -
anaphase I 28,79 27.27 10.61 - 39.58 - 7.58
telophase I L,6.67 20.00 13.33 - - - -
brophase 11 28.30 - - 0.63 65.13 - -
metaphase II 9.56 - - 1.17 39.35 - -
anaphase II 15.19 8.86 2.53 2.53 30.36 - 5.06
telophase II 14.71 5.88 - - - -

interkinesis - 54,55 - - -




Table XXXV liean frecuency of chromosomal abnormalities produced
by 0.057% and 0.1% phenol in Gryllus bimaculatus.

ﬂ frequency of abnormal cells at

 Types of conc. (7)) different fixation hours
aonormalities ’
12 24 72
'-. . O. 5 . 5
breaks 0.05 5.16 10.75 12.75
0.10 12.08 16.22 24473
lagging 0.05 2.93 13.66 14.50
0.10 11.01 20.48 23.31
[ ] L] .A
bridges 0.05 T.32 T.15 2.45
0.10 6.63 6.15 8.82
I 0.05 0.87 1.13 0.49
0.10 3.96 1.82 1.54
.O . . .
stickiness 0.05 20.83 35.10 35.58
0.10 31.44 40.63 44.50
|~ - - -—
non-disjunction 0.05
0.10 - - 5.88
r — - —
abnormal 9+05
segresation G.10 - - _ $e32
0005 - 1.92 -

c—nitosis
0010 - 2.3:‘ -




Table XXXVI Frequency of chromosomal aberrations produced by different chemicals in
Gryllidae.

% chromosomal aberrations

Chemicals breaks stickiness lagging bridges c-mitosis polyploidy ggggunction 222?:2:%10n
Colchicine 8.16 83.80 - - - 3.15 - -
Colcemid 6.14 52.99 L.6L - - 1.02 - -
Caffeine 12.92 84.90 - 28.80 23.31 - - -
Cupferron 13.64L 90.06 - 8.49 - - - -
Ethyl acetate 7.69 93.16 - - - - - -
Glacial

acetic acid 6.16 9L4.59 - - - -

Phenol 13.61  34.68 14.31  6.42 2.13 1.63 2.9 3,16




Table XXAVII Dosage-nortality relationship produced by ganma TAYS.

< survival

Specles Dos2ge  T4on 15p 20D 25D 30D 35D

Cryllus 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 1 630r 100 50 0
2174r 100 50 0

G bimaculatus 2174~ 34 34 0]

Acheta domesticus  1467r 100 100 100 67 30 0
1630r 100 100 100 617 0
2174r 100 100 100 50 0
2446r 100 100 50 0

Scapsipedus

marginatus 1630r 100 1CC 100 67 0

2174r 100 100 67 50 0]

Allonemobius

ellardi 1087 100 100 100 100 50 0
D : days



mable YXXVIIT Dosage-duratiion-Ifrequency relationship of the
fragmentation produced by gamma rays in Cryllus
assinpilis.

dose duration of “ frazmentation
treatnent DT T AT T
1467 r 48 hours 25.30 40,69 96,22 97,05
1630 24 hours 30,07 31.75 96,69 28,27
48 hours 31.40 39.83 97.06 97.3C
57 hours 52.29 54.98 100,00 100,00
80 hours 71,11 55.11 100,00 100,00
96 hours 78.22 34.14 100,00 100.00
10 days 94,78 93,02 100,00 100,00
1848 r 24 hours 26,34 20.44 96.96 95 .60
48 hours 39.02 34.92 97.37 98.90
67 hours 76.40 58.94 100.00 100,00
96 hours 86,22 79.93 $00,00 100,00
2283 r 24 hours 45.79 5456 400,00 100,00
96 hours 88,79 93.07 1CC.00 10C,.00
2446 T 48 bhours 58.393 62.92 100,00 100,00
Y Prophiase T
T : lletaphase T
LY : .inophase I
™ : Telophase I



manle TYXIX TFrequency of

fragmentation produced by gamna TIajs in

Cryllidae.
duration P )
Jpecies Dose of - fragmentation
treatnent T I AT mr
Gryllus assimilis 2174 r 67 hours 37.89 4GeT2 98.27 98.74
G bimaculatus 2174 » 67 hours 33.23 43.37 T1.43 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
Scapsipedus
narginatus 2174 r 67 hours 53.62  73.91 70.35 718.67
A1lonenobius
2llardi 1087 r 67 hours 48.83 6523 100,00 10C.00
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Fig. 7
Fig. 8
Fig. 9
Fig.10
Fig.11

Pig.12

Idiogranm
Idiogran
Idiogran
Idiogram
Idiogranm

Idiogran

of Gryllus canpestris.

of Acheta domesticus.

of Gryllodes sigillatus.

of Scapsipedus marginatus.

of lelanogryllus desertus.

of Tartarogryllus burdigalensis.
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Fig.13
Fig.14
Fig.15
Fig.16
Fige17

Fig.18

Idiogran
Idiogram
Idiogram
Idiogram
Idiogram

JIdiogram

of
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Hy

(o]

of

of

of

Neonemobius palustris.

Jeonemobius sp. near mormonius.

Allonemobius fasciatus.

Allonemobius allardi.

Allonemobius griseus griseus.

Iunemobius carolinus carolinus.
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Comparison of karyotypes of grylloid species:
(a) G. veletis; () G. pennsylvanicus; (c¢) G. assimilis
(Antigua population); (d) G. bimaculatus (Azores

population); (e) G. bermudensis; (f) G. rubens;

(g) G camnestrls, (n) A. domesticus; (i) G. sigillatus;
(J) 5. marginatus; (k) I. desertus; (1) T. burdigalensis;

(m) ¥W. palustris; (n) N. sp. near mormonius; (o) A.
(p) )

fasclatus, P) A. allardl (a) A. g. griseus; (r) E.
Ce carollnus.




B 2nd=29

— 2nd=19

M o
m n

[ acrocentric
ni) subtelocentric
Bl submetacentric
M metacentric

Fig. 19
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24

gpermatids of CGryllinae.
a, early stage
b. later stag

Karyotype of Gryllus veletis.

ifetaphase I of Gryllus veletis, a single supernumerary
chromosome at the sane pole as the X chromosone.

Hetaphase I of G. veletis, a single supernunmerary
chronosome at the opposite pole to the ¥ chromosomne.

1etaphase I of G. veletis, 2 single supernunerary

renzining at the equatorial plate.
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Fig. 25

Fig. 26

Figo 27

Fig. 28

Metaphase I of G. veletis, two supernumerary chromosomes
at the same pole as the X chromosome.

Metaphase I of G. veletis, showing two supernumerary
chromosomes, one at the opposite pole and one at the same
pole to the X chromosone.

a.Mitotic metaphase of G. veletis (2nd=29).
b.Diakinesis of G. veletis, showing 15 chromosomes.

a.Anaphase I of G. veletis, two suvernumerary chromo-
somes moved to opposite pole.

b. Late anaphase I of G. veletis, showing one super—
numerary chromosome lagged behind orn equator area.
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Figo 30
Fig. 31

Fige. 33

Interkinesis of G. veletis, supernumerary chromosome
formed a small vesicle (arrow) apart from the dividing
nucleus.

Polyploid cell of G. veletis (800X).
Anaphase I of G. veletis, showing a sticky bridge.

Metaphase I of (. veletis, all of the chromosomes are
homomozrphic.

Karyotype of Gryllus pennsylvanicug.

Barly meiotic prophase of G. pennsylvanicus, all of
the chromosomes are connected to each other and closely
associated with the nucleolus.
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37
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39

lletaphase I of G. pennsylvanicus, showing a single unequal
bivalent.

Anaphase T of G. pennsylvanicus, showing a sticky bridge.

Karyotype of Gryllus assimilis (Antigua population).

Spermatids of G. assimilis (Antigua population)
a. Barly stage
b. Later stage

Barly mature sperms of G. agssimilis (Antigua population).
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Mig. 40

E‘igc 41

Fige 43

Fig. 44

Fige 45

letaphase I of G. assimilis (Antigua population), the X
chromosome appears as cross—shaped.

Metaphase I of G. assimilis (Antigua population), all
of the chromosomes are horomorphic.

Metaphase I of G. assimilis (Janaica population), all
of the chromosomes are homomorphic.

Karyotype of Gryllus bimaculatus (Azores population).

Metaphase I of G. bimaculatus (izores population), all
of the chromosomes are homomorphic.

Spermatids of G. bimaculatus (Azores population).
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Pig. 46

Fig. 47

Spermatogonial metaphase of 'G. bimaculatus' (Singapore
population), most of the chromosomes are sticky connected

together.

Late anaphase I of 'G. bimaculatus' (Singapore population),
showing unequal segregation of the chromosomes.

lMetaphase—anaphase I of 'G. bimaculatus' {Singapore
population), showing numerous fragmentations.

Polyploid cell of 'G. bimaculatus' (3ingapore popula-
tion), (800X)

Anaphase I of 'G. bimaculatus' (Singapore population),
showing chromosomal bridge.

Telophase I of 'G. bimaculatus' (Singapore population),
chromosonal bridge occurs.










Fige.

Fig,

52

54

55
56

51

Multinuelei of 'G. bimaculatus' (Singapore population)
at interkinesis,

Telophase I of 'G. bimaculatus' (3ingapore population),
some chromosomes lagging behind,

l'etaphase I of 'G. bimaculatus' (Singapore population),
achromatic gap occurs.

¥aryotype of Gryllus bermudensis.

Anaphase I of §. bermudensis, the X chromosome appears
as cross—shaped and it moves to the pole more slowly
than the autosomes,

Yetaphase I of G. bermudensis, all the chromosomes are

honcuorphic.
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63

Polyploid cell of G. vermudensis (800X).

¥Yaryotype of CGryllus rubens.

iletaphase I of G. rubens, showing stickiness bivalents.

Vetaphase I of G. rubens, a non-honologous association
occur (arrow).

iletephase I of G. rubens, an unequal bivalent, achromatic
zaps and chromosomal break (arrow) occur.

Anaphase I of G. rubens, showing a sticky bridge.
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¥Yaryotype of Gryllus canrestris.

Metaphase I of G. campestris, showing chromosomal break.

sinaphase T of G. campestris, a chromosomal bridge occurs.

Late prophase I of G. campestris, showing the heavy

stickiness chromosones.
Netaphase I of G. campestris, showing c-mitotic effect.

Polyploid cells of G. campestris (400X).
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Hetaphase I of G. campestris, showing numerous univalents.

Anaphase I of G. campestris, a few chromosomes lagging
behind.,

ILate metaphase I of G. campestris, showing non-dis-

junction effect.

Late anaphase T of G. campestris, unequal segregation
occur.

l‘etaphase I of G. campestiris, some bivalents connect
together forming a pseudomultivalent.

into a2 nass.

i‘etaphase I of G. campestris, all bivalents are clumped
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Metaphase I 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.

lMetaphase T of A. domesticus, all of the chromosonmes
are homomorphic,.

¥aryotype of Gryllodes sigillatus.

Metaphase I of G. sigillatus, showing an unequal bi-
valent and achromatic gap.

——




\
4
Mg. 76

Fig, 78
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Anaphase I of G. sigillatus, an #-bridge occurs.

Barly spermatids of G. sigillatus.

Spermatids of G. sigillatus, showing a small half-moon
shaped apical body. 4

Late spermatids of G. sigillatus, the apical body has
disappeared.

Karyotype of Scapsipedus marginatus.

Metaphase I of S. marginatus, all of the chromosomes
are homomorphic.
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Metaphase I of S. marginatus, showing an unequal
bivalent, '

Hetaphase I of 5. marginatus, an achromatic gap occurs
(900%).

Karyotype of lielanogryllus desertus.

Karyotype of Tartarogryllus burdigalensis.

Diplotene stage of T. burdigalensis, the X chromosome
appears as a dense mass.

Metaphase I of T. burdigalensis, showing achromatic gapc
(900x).
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Figo

Fige

Fig.

94

95

96

97

98

99

Diakinesis of T. burdigalensis, four ring-formed chromo-
somes can be observed.

Karyotype of Heonemobius palustris.

Metaphase I of M. palustris, the X chromosome appears
as an irregular mass, having one end heterochromatin
and the other end euchromatin.

Anaphase T of ¥W. palustris, double bridges occur.

Telophase II of N. palustiris, showing a chromosomal
bridge.

Metaphase I of N. palystris, a single unequal bivalent
occurs.
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100 Metaphase I of N. palustris, showing achromatic gap.

101 ¥Xaryotype of leonemobius sp. near mormonius.

102 Early meiotic prophase of . sp. near mormonius, a
giant nucleolus occurs.

103 lletaphase I of li. sp. near mormonius, X chromosome
is Pormed as an irregular mass, having one end eu-
cnromatin and the other end heterochromatin.

104 Metaphase I of II. sp. near mormonius, achromatic gaps
occur.

105 lietaphase I of N. sSp. near mornonius, showing a chromo-
somal break (arrow).






106 Anaphase I of N. sp. near mormonius, chromosomal
bridges can be observed.

107 Xaryotype of Allonemobius fasciatus.

108 Prophase I of A. fasciatus, the X chromosome is broken
into pieces.

N f

109 MNetaphase I of A. fasciatus, shows an extra small .
univalent.

{

110 Metaphase I of A. fasciatus., showing a translocation i
bivalent (arrow).

111 Anaphase I of A. fasciatus, a sticky bridge can be observed.
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Fige 112

TMge 113

Pige. 115

™Mg. 116

Karyotype of Allonemobius allardi.

Barly meiotic prophase of A. allardi, the X chromosome
appears as a big, slender ring-formed body.

Anaphase IT of A. allardi, the X chromosome moves to
the pole slower than the autosomes and it forms a
dicentric bridge.

letaphase I of A. allardi, one DA body occurs.

lietaphase I of A. allardi, showing two DA bodies and
a translocation bivalent.

Metaphase I of A, allardi, achromatic gap can be
observed.
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123

Karyotype of Allonemobius griseus griseus.
B

Zarly meiotic prophase of A. g. griseus, the I chromo-

some appears as a J—shaped body.

a. Hetaphase I of A. g. griseus, the X chromosome
appears as ring-formed body. ‘

b. Hetaphase I of A. g. griseus, tae X chromosome
appears as Y-shaped body.

Anaphase II of A. g. griseus, the X chromosome moves
to the pole slowver than the autosomes.

Anaphase I of 4. g. griseus, showing a sticky bridge.
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a,b. Hetaphase I of A. g. iseus, showing a transloca-

tion bivalent.

Karyotype of Zunemobius carolinus carolinus.

Prophase I of E. c. carolinus, the X chromosome appears
as a dense mass,

Polyploid cell of Z. c. carolinus (800X).

Yetaphase I of E. c¢. carolinus, showing an unequal
bivalent.
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129
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131

132

133

Metaphase I of 'Nemobius' sp.? near bivittatus,
showing n 11. )

Spermatogonial metaphase of A. g. igeus, showing
the extra small piece (arroﬁy 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) Neonemobius; (e,f,
g,h) Allonemobius (800X).

The shape of the testes: (a) Gryllinae; (b,c) I.
palustris; (d) N. sp. near mormonius; (e) A. fasciatus;

(%) A. allardi; (g) A. g. griseus; (h) E. c. carolinus;

(1) "Hemobius' sp.? near bivittatus (4X).

letaphase I of Scapsipedus marginatus, showing breaks
(arrows) produced by 0.5% caffeine.

Metaphase I of Gryllus bermudensis, showing stickiness
effect produced by 0.5% caffeine.
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Fige. 134

Pig. 136

Fig. 137.

Fig. 138

Fig. 139

Metaphase I of Scapsipedus marginatus, all the chromo-
somes clumped into a dense mass {produced by 0.5%
caffeine).

Metaphase I of S. marginatus, showing achromatic gaps
and breaks (arrow) produced by 0.5% caffeine.

Anaphase I of Gryllus bermudensis, showing lagging
chromosome produced by 0.5% caffeine.

Anaphase I of G. bermudensis, showing sticky bridge
produced by 0.5% caffeine.

Prophase I of G. bermudensis, the chromosomes are
connected with their chromatin threads (produced by
0.5% caffeine).

Metaphase I of G. bermudensis, showing clunping

effect produced by O.5% caffeine.
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Fig.

Fig.
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142

143

a. Diplotene stage of Gryllus assimilis, showing
stickiness chromosomes produced by O.1% colchicine.

be Diakinesis of G. assimilis, the degree of
gtickiness (produced by 0.1% colchicine) greatly
reduce in this stage.

Polyploid cell of G. assimilis produced by 0.1%
colchicine.

Anaphase I of Gryllus pennsylvanicus, showing breaks
(arrow) produced by 0.057 colcenid.

Prophase I of G. pennsylvanicus, showing stickiness of
chromosomes produced by 0.05% colcenid.

Anaphase I of G. penngylvanicus, showing unequal
segregation produced by 0.05% colcemid.
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148

149

150

Telophase I of G. pennsylvanicus, showing a lagging
chromosome produced by 0.05% colcemid.

Anaphase I of G. penns lvanicus, a sticky bridge
(produced by 0.05% colcemid) can be observed.

Prophase II of G. pennsylvanicus, showing c-mitotic
effect produced by 0.05% colcenid.

Metaphase I of G. bermudensis, showing charomosomal
breaks produced by 0.5% cupferron.

Prophase I of G. bermudensis, some chromosomes are
connected by the sticky substance (produced by 0.5%
cupferron). .

Metaphase I of G. bermudensis, two fragments occur as
a result of O.ﬁ% cupferron treatment.
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Fig.

Fig.

151

152

153

154

155

Metaphase I of G. bermudensis, showing four fragments
produced by O. 9% cupferron.

Metaphase I 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 I of G. assimilis, the stickiness effect
produced by g1a01a1 acetic acid.

Metaphase I of G. blmaculatus, showing chromosomal
breaks produced by O. 1% phenol.

a. Propnase I of G. bimaculatus, showing stickiness
chromosones produced by 0.1% phenol.

b. Metaphase I of G. blmaculatus, showing stickiness
chromosomes produced by 0.1% phenol.
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Fig. 155

Fig. 152
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a. Metaphase I of G. bimaculatus, the chromosomes
scatter all over the cell because of the destruc-
tion of the spindle produced by 0.1% phenol.

b. Metaphase I of G. bimaculatus, snow1ng the
similar effect as in (5) produced by 0.1 phenol
(800X)."

Metaphase I of G. bimaculatus, non-disjunction effect
produced by O. 17'pnenol.

Anaphase I of G. blmaculatus, nunerous fragments
(as a result of O. 1% phenol treatment) can be observed.

Anaphase I of G. bimaculatus, showing unegual segre-
gation produced by O.1% phenol.

Anaphase I of G. bimaculatus, some chromosomes are
lagged at equator area (produced by 0.1% phenol).
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166

Anaphase I of G. bimaculatus, dicentric bridges occur
as a result of 0.1% phenol treatment.

Anaphase I of G. bimaculatus, numerous sticky bridges
(produced by 0.1% phenol) can be observed.

Anaphase bridges of G. assimilis (irradiated with
1630r gamma ray and fixed at 24 hours after treatment).

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 with 1087r and fixed at 67 hours after

treatment).
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Fige.

Fig.

Fig.
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169

170

171

lMetaphase I of G. assimilis, showing achromatic gaps
as a result of gamma ray treatment (irradiated with
1467r and fixed at 48 hours after treatment).

lletaphase I of G. pennsylvanicus, achromatic gaps and
fragments occur (irradiated with 2174r gamma ray and
fixed at 67 hours after treatment).

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. pennsylvanicus
(irradiated with 2174r and fixed at 87 hours after
treatment).

Lagging effect of gamma ray in Acheta domesticus
(irradiated with 2174r and fixed at 67 hours after
treatment).

172 Telophase I of G. assimilis, showing unequal segrega-—

tion (irradiated with 1848r and fixed at 24 hours
after treatment).
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Fig.

173

174

175

176

177

178

Telophase I of S. marginatus, unequal segregation and
gsticky bridge occur (irradiated with 2174r and fixed

at 67 hours after treatment).

Multipolar configuration of A. domesticus (irradiated
with 2174r and fixed at 67 hours after treatment).

Multipolar configuration of 5. marginatus (irradiated
with 2174r and Tixed at 67 hours after treatment).

lultipolar configuration of G. assimilis (irradiated
with 2446 and fixed at 48 hours after treatment).

The occurrence of giant spermatids as a result of
gamma ray treatment in G. pennsylvanicus (irradiated
with 2174r and fized at 67 hours after treatment).

Numerous fragments occurred in G. assimilis after
irradiated with 1630r and fixed at 67 hours after

+*reatment.
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Fig. 179

Fig. 180

Fig. 181

Fig. 182

Fig. 183

Fig. 184

Numerous fragments occurred in G. assimilis after
irradiated with 2446r and fixed at 48 hours after

treatment.

Numerous fragments occurred in G. bimaculatus after
irradiated with 2174r and fixed at 67 nours after
treatment.

Y¥umerous fragments occurred in G. pennsylvanicus
after irradiated with 2174r and fixed at 6] nours
after treatment.

Metaphase I of G. assimilis, showing one fragment
(irradiated with 1630r and fixed at 24 hours after
treatment).

Metaphase I of A. domesticus, snowing three fragments
(irradiated with 2174r and flxed at 67 hours after
treatment).

Anaphase I of G. bimaculatus, showing numerous frag-
ments (irradiated with 2174r and fixed at 67 hours after

treatment).
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Fig.

185

186

187

188

ﬁetaphase I of G. assimilis, snowing a ring fragment
(irradiated with 1848 and fixed at 24 hours after
treatment).

inaphase I of G. assimilis, ring fragment and lagging
chromosomes can be oobserved (irradiated with 1848r and

fixed at 24 hours after treatment).

Late anaphase I of G. assimilis, ring fragment and
lagging chromosomes occur (irradiated with 1848r and
fixed at 48 hours after treatment).

Late metaphase I of A. allardi, only a few fragments
occur (irradiated with 1087r and fixed at 67 hours

after treatment).

Telophase I of A. domesticus, showing interchange
bridge and a few fragments (irradiated with 2174r and
fixed at 67 hours after treatment).
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Fige 191

Fig. 192

Fig. 193

N

lMetaphase I of G. assimilis, all the chromosomes are
clumped into a dense mass (irradiated with 1848r and
fized at 24 hours after treatment).

lMetaphase I of 3. marginatus, 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 Ge assimilis.
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194

i k I m n 0 p q r

Conparison of frequency of interstitiazl and terminal crniasmata
in grylloid speciess:
(a) G. veletis; (b) G. pennsylvanicus; (c) G. assinilis
(Antigua population); (d) G. assimiiis (Jamaicz population);
(e) G. bimaculatus (Azores population); (f )G. bermudensis;
(g)G. rubens; (k) G. campestiris; (i ) Ao domeﬂtlcus, (i) G.
illatus; (k) S. marginatus; (1) 7. vurdigalensis;
i ; XN. ga.uSurls, (n . sp. near mormonlus, (o) A. fasciatus;
(p) &. allardi; (a) A. g. griseus; (r) E. c. carolinus.
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Fig. 195 Histogram showing tine numbers of grylloid species naving
the same chromosozme nuazder.



>

By} -.-;

% BREAKAGE

% BREAKAGE

g,

a. Scapsipedus marginatus

a .
101 b. Acheta domesticus Pl ~
¢c. Gryllus bermudensis —
8 /
6-
4.
2-
O 1 ¥ 1]
Pl Ml Al T

MEIOTIC STAGES

a., fixed at 5 hours after treatment.

18

a. Scapsipedus marginatus

16- b. Ascheta domesticus a///
¢c. Gryllus bermudensis ///-

141

12

0 Pl M Al T
MEIOTIC STAGES

b. fixed at 24 nours aiter treninent.

196 Comparison of breakagce IreGguUency produced by 0.5 caffeine
among Gryllus oermucensis, Acheta donesticus and
Scapsipedus marginavus.
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0.1% phenol in Grylius bimaculatus.
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Fig. 199 Variation on the frequency of breakage produced oy
gamma rays in different grylloid species.
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