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A' significant .advance in our knowledge on heteropteran chromosomes has 

been made since the discovery of "peculiar chromatin element" in Pyrrhocoris apterus 

(Pyrrhocoridae) by Henking in 1891. The substantial contributions made by earlier 

workers in the formative years of heteropteran cytology and the chromosome counts 

of different species have been reviewed extensively by Ueshima (1979). The chromo

some data of· different species have contributed considerably in solving many prob

lems of heteropteran· Iineology, though the diffuse nature of heteropteran chromo

somes (Hughes-Schrader and Schrader 1961) greatly hamper the karyotypic analysis. 

and the ·detection of chromosomal rearrangement's. Recently, study of the hetero

pteran chromosomes by banding techniques has gained momentum and C- and G

banding patterns have been demonstrated successfully in the chromosomes of some 

. heteropteran insects (Maudlin 1974; Muramoto 1978, 1980; · Solari 1979; Camacho 

et a!. 1985). However, further studies are badly needed on more species to solve 

the problems of the ·Unusual behaviour shown by holokinetic chromosomes during 

meiosis (Schrader 1940; Piza 1958; John & Lewis 1965) and the- relationships between 
I 

kinetochore and telomere in holokinetic chromosomes. Extension of chromosome 
\ ' data on different families along with bandintj study will certainly contribute towards 

understanding mechanism of karyotypic evoluti~n and in establishing interrelation

ships between various groups of Heteroptera: 

Behaviour of meiotic chromosomes 

Sex chromosome 

The behaviour of sex chromosomes during meiosis in male heteropteran 

bugs has been reviewed by Manna (1962, 1982, 1984), Takenouchi and Muramoto 

(1973) and Ueshima (1979), They have classified the sex chromosomes into XV, 

XO, Xnb and X n Y types. The most important characteristic features of all types of 

sex chromosomes are that they show positive heteropycnos.is in the early prophase 

stages and become isopycnotic during late diakinesis and metaphase I. In majority 

of the heteropteran species, the sex chromosomes divide equationally at first meta

phase and reductionally in the second '(Hughes-Schrader & Schrader 1961; John 

& Lewis 1965; Ueshima 1963b, 1966b, 1979), and they form pseudobivalent (XY), . 
trivalent or .multivalent (X n Y) or an accessory .plate like structures during second 

metaphase (Ueshima 1979; Manna 1982). 



' 
Post reductional XY · 

The post reductional XY type of sex chromosome system is most prevalent 

among the heteropteran species and was reported in 23 out of 37 families so far 

investigated (Ueshima 1979; Manna 1982). At the first metaphase, the sex chro- · 

mosomes orient side by side in the centre ·of the ring formed by the autosomes 

and divide equationally in the first anaphase. At the second metaphase, the sex 

pseudobivalent formed by the X and the Y chromosomes lies in the cent~e of the 

autosomal ring and segregate reductionally to opposite poles at second anaphase. 

Both types of arrangement of sex chromosomes and autosomes are common in 

Heteroptera and are found not only in taxa with an XY system and no m-chromoso

mes such as Pentatomidae (Schrader and Hughes - Schrader 1956, 1958; Manna · 

1956, 1962) and the Lygaeinae of the Lygaeidae (Wilson 1912, ref. Ueshima 1979; 

Wolfe and John 1965; Ueshima and Ashlock 1980), but also where there is an XY 

sex chromosome system and m-chromosomes such as the remainder of the Lygaeidae. · 
' Depending upon the particular sex chromosome system and the ·presence or absence 

of m~chromosomes, there are some deviations from this typical arrangement. 

The significance of these diverse patterns of .'chromosome arrangement is not yet 

clear (Ueshima 1979). On the other hand, in Stenocephalidae (Lewis and Scudder 

1958), Corixidae (Peters and Kleba 1971), and Lygaeidae (Ueshima and Ashlock 

1980) where m-chromosom~s are present the X and the Y chromosomes lie in the 

periphery with the m- at the centre during the first metaphase, while both the 

XY pseudo-pair and the m-chromosome lie in the centre' of the ring formed by 

the autosomes at second metaphase. However, some variations in the arrangement 

1 of sex chromosomes and m-chromosomes have been observed in Rhypodes c!avicornis 

(Orsillinae, Lygaeidae) and in many other species of Lygaeidae (Ueshima and Ashlock· 

1980). The X, Y and m occupy a central position at the first metaphase, while 

the XY pseudo-pair lies in the centre of the ring formed by the m-chromosomes 

and autosomes at the second metaphase. In Py!orgus colon (.lschnorhynchinae; Lygaei

dae) (Ueshima and Ashlock 1980), the X lies at the periphery with the autosomes, 

whereas both Y and m- occupy the centre at first metaphase. At metaphase II, 

the XY pseudobi':alent and the m-chromosome occupy the centre of the ring formed 

by the autosomes. Furthermore, the X and the Y lie on the periphery with the 

m at the centre during first metaphase, while the X-Y pseudo - pair occupies 

the centre of the ring formed by the autosomes and the m-chromosome during 

second metaphase in Kleidocerys franciscanus (lschnorhynchinae, Lygaeidae) (Usehima 
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and Ashlock 1980). Yet a further modification in the arrangement of sex chromo

somes and m-chromosomes has been observed in Antiltocoris minutus (Rhyparochro

minae, Lygaeidae) (Ueshima and Ashlock 1980) where X and Y occupy the centre 

of the ring formed by the autosomes and m-chromosomes at metaphase I, and 

the centre of the ring is occupied by the X-Y pseudo-pair and m-chromosome 

at metaphase n. 

Pre-reductional XY 

This type is, however, rare among heteropteran species and was recorded 

i'n 13 species only (Ueshima 1979). In the family Tingidae, one species in each 

of th<:~ eight genera Agramma (Muramoto 1973), Acalypta (Southwood and Leston 

1959), Bredenbachius (Jande 1960b), Cochlochila (Takenouchi and Muramoto 1967), 

Dasytingis (Jande 1960b), Dictyla (Southwood an·d Leston 1959), Leptobyrsa (Harley . . 
and kassulke 1971 ), two species in each of the two genera Stephani tis (Toshioka 1943a, 

ref. Ueshima 1979) and Teleonemia (Harley and Kassulke 1971) and four species of 

the genus Tingis (Southwood and Leston 1959 '; Montgomery 1901 a, 1906, ref. Ueshima 

1979, Muramoto 1973) have pre-reductional XY. Moreover, Lethocerus indicum of the 

Belostomatidae also reported to have pre-reductional XY system (Banerjee 1958; 

Bagga 1959; Jande 1959a; Manna and Deb-Mallick 1984). In Tingis Zaslocera(Jande 

1960b), the X-Y pseudo-pair occupies the centre of the autosomal ring during meta-
' phase I and they separate reductionally at anaphase I. As a result, there are two 

types of second metaphase plates: those with X and those with Y. They lie along 

with the autosomes in the periphery of the spindle leaving the inner space empty. 

The sex chromosomes· divide equationall,Y ·at second anaphase. However, pre-redu

ctional type of sex-chromosome system is common in the organisms having localized 

centromere (John & Lewis 1965; Ueshima 1979). 
' 

Post-reductional XO · 

This type was encountered in about 189 species belonging to 17 families 

viz., Dipsocoridae, Nepidae, Naucoridae, Pleidae, Hydrometridae, Hebridae, Veliidae, 

Gerridae, Saldidae, Miridae, Reduviidae, Lygaeidae, Largidae, Pyrrhocoridae, Corei

dae, Alydidae and Rhopalidae (Ueshima 1979; Manna 198Z). The arrangement of 

the sex chrremosome is found to be variable in most of the families. In Lethaeus 

barber! (Lethacini, Rhyparochrominae, Lygaeidae) (Ueshima 1979), the m-locates in 

the centre of the· ring formed by the autosomes and the X chromosome at the 

first metaphase, while the X and m 'lie in the centre of the autosomal ring during 
. I . 

second metaphase. In the Coreidae, the X locates outside the autosomal ring 
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and m-chrombsomes occupy the central position at metaphase I, while the m-chromo

some again lies in the centre of the autosomal ring and the X chromosome lies 

just outside the ring during metaphase II. In Ambrysus mormon (Ambrysinae, Nau

coridae) and in other aquatic Heteroptera with an XO sex· mechanism and a pair 

of m-chromosomes (Ueshima 1979), the X and the m-pair are located in the centre 

of the autosomal ring at metaphase I, while the X lies in the centre of the ring 

formed by the autosomes and the m-chromosome at metaphase II. On the other 

hand, the sex chromosome arrangeme[lt tends to be irregular at metaphase I in 

the species with high chromosome number, as found in Merragata hebroides(Hebridae) 
' I 
:<ueshima 1979). However, the X chromosome invariably occupies centre of the 

: autosomar ring during metaphase II. 

Pre-reductional XO · 

~his type was·encountered in Archimerus calcarator (Wilson 1905a, 1909a 
I 

ref. Ueshima 1979), Archimerus altematus (Morrill 1910; Wilson 1932, ref. Ueshima 

1979), Pachylis gigas (Wilson 1909a, 1911; Schrader 1932, ref. Ueshima 1979), 

Pachylis lateralis (Piza 1946b, ref. Ueshima 1979) of the family Coreidae and Ectry

chotes dispar (Manna 1951) and Ectrychotes abbreviatus (Manna & Deb-Mallick 1980) 

of the Reduviidae. In .A. calcarator, the X chromosome is located just outside the 

ring formed by the autosomes, while m-pair occupies the centre at metaphase I. 

The X chromosome moves to one pole reductionally during anaphase I. As a result, 

there are two types of second spermatocytes : one with X and another without 

it. At metaphase II, the chromosome lies on the periphery with autosomes and 

the m-chromosome locates in the centre. The anaphase II is equational for both 

autosomes and the X chromosome. However, in the reduviid species F. dispar and 

E. abbreviatus, the m-chromosomes are absent and the X chromosome lies outside the 

autosomal ring during metaphase I. At metaphase II, the X chromosome lies along 

with the autosomes in the periphery of the· spindle or it lies just near the inner 

boqder of the autosomal ring. 

X n 0 se'x chromosome system 

This type of sex chromosome system was reported· in a~out 35 species 

belonging to five families viz., Notonectidae, Stenocephalidae, Pyrrhocoridae, 

Coreidae and Alydidae (Ueshima 1979). No chiasma forms between X 1 and X 2 • 
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Pre-reductional X n 0 

This type was reported only in three species of Anisops (Notonectidae) 

(Jande 1961). In Anisops fieberi, the fused. x 1 and Xz locates; in the periphery 

along with .the autosomes, whereas the m-pair occupies the centre during first 

metaphase. At anaphase I, the X's move. to one pole as a fused ,mass and therefore 

at metaphase II two types of nuclei are ~armed : one with x1 and x2 and other with

out them; the x
1 

and X 2 locate in the centre of the ring formed by the autosomes 

and the m-chromosome. Second division anaphase is equational for both the auto

somes and the sex chromosomes. 

Post-reductional X 0 
n 

This type was found in rest of the species belonging to four families. 

In the Coreidae, the X 1x2o remain fused in the early prophase stages of meiosis 

though they have bipartite appearance by late diakinesis. At metaphase I, the 

x
1
x 2 locate outside the autosomal ring, while m-chromosomes occupy the centre. 

This type of metaphase arrangement is ,found in Pe tillia nota tipes, Cle tomorpha · 

hastata and in other species of Coreidae (Manna 1951). · Yet, minor deviation 

from this typical arrangement has been reported in Acanthocoris scabrator (Manna 

1951) which lacks m-pair. In this species, at metaphase I, the centre of the ring 

is usually occupied by a few autosomal bivalents though most of them are involved 

in the ring formation. The fused x1x 2 chromosomes, as iri other coreid species,. 

locate outside the ring. However, in Dysdercus (Pyrrhocoridae), the x1 and X 2 rem

ain separate and occupy the centre of the autosomal ring during metaphase I. 

The fusion of x
1 

and x
2 

takes place during anaphase I. 
1 

But in both coreid and 

pyrrhocorid bugs, an accessory plate is formed during second metaphase to ensure 

reductional division during second anaphase. 

X n Y ~ex chromosome system 

This type. of sex chromosome system was reported in about 99 species 

belonging to 12 families viz., Nepidae, Belostomatidae, Gelastocoridae, Mesoveliidae, 

Miridae, Cimicidae, Reduviidae, Aradidae, Lygaeidae, Largidae, Cydinidae and 

Pentatomidae (Ueshima 1979; Manna et al, 1985). The behaviour of Xn Y type during 

meiosis in different families is basically the same. All the sex chromosomes 

are fused into a mass in the early prophase and their individual entity become 

apparent only during late prophase. The first division anaphase is equational for· 



the sex chromosomes. Their arrangement at metaphase II is typical with the. 

formation of pseudo-multivalent like structure at the centre. The single Y chromo

some iies opposite to the group of different number of X's as the species contained. 

Second division anaphase is reductional for the sex chromosomes and their move

ment is regular. Moreover, no chiasma forms between X and Y. 
I . 

Micro 
1 
chromosomes 

The micro-chromosomes also show distinctive behaviour during meiosis. 

The m-chromosames were first described in a coreid bug, Anasa tristis by Paulmier 

(1899) and were subsequently reported in about 12 families of Heteraptera namely, 

Naucoridae, Notonectidae, Pleidae, Saldidae, Colobathristidae, Lygaeidae, Largidae, 

Stenocephalidae, Hyocephalidae, Rhopalidae, Coreidae and Alydidae (Ueshima 

1979). The term "m-chromosome" was coined by Wilson (1905b, ref. Ueshima 

1979).· The m-chromosomes behave differently from both the autosomes and 

the sex chromosomes during meiosis. In defining m-chromosome, however, 

it's behaviour and not size is critical because in some cases they are of same 

size as conventional autosomes (Wilson 1911, ref. Ueshif!1a 1979). ,During mel

tic prophase stage, the m-chromosomes do not pair as a result there is no chiasma 

formation between them, but the m-chromosomes come ·close together during 

diakinesis and form pseudobivalent like structure at metaphase I (Ueshima 1979; 
1 

Manna 1984). The delayed synapsis of the m-chromosomes was first observed 

by Gross (1904) In Syromastus (Coreidae) and was reported afterwards in many other 

species (Wilson 1905, 1909, 1911 ref. Ueshima 1979). The staining behaviour 

of m-pair also differs from that of sex chromosome and au~osomes (Ueshima 

1979). The m-chromosomes are slightly negatively heteropycnotic during metaphase 

I and persist in this state till the completion of the meiosis~ They move preccocio

usly. to the poles during anaphase I and usually lie in the centre of the spindle 

at second metaphase. The achiasmatic m-chromosomes thus separate reductionally 

at first and equationally in the second meiotic division. However, their behaviour 

deviates from the typical one with regard to the onset of negative heteropycnosis 

and tpeir arrangement in the first and the ~econd metaphases{Ueshima 19791 

Chromosome banding 

The C- and. G-banding techniques have been applied successfully only . 
in few species of Heteroptera. The 'C-bands are found to be localized in one 

or both ends of the mitotic chromosomes (Muramoto 1980; Camacho et a!. 1985; 
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Solari 1979), while clear-cut transverse G-bands are found in both mitotic and 

meiotic chromosomes (Muramoto 1978; Maudlin 1974). Application of these 

techniques has made possible the recognition of homologous chromosomes, analysis 

of chromosomal rearrangements and the detection of centromeric heterochromatin 

to some extent in Heteroptera. However, at present, the information on the 

banding pattern of holokinetic chromosomes is too inadequate to construct any 

pic~ure as comprehensive-as that of monokinetic ones. 

It is clear from the foregoing review that there is a definite pattern 

in the behaviour of sex chromosomes, autosomes, m-chromosomes and characte

ristic orientation of chromosomes a,t metaphase I and II, and so on. Besides 

these features, spermatogonial chromosome number, rare ·occurrence of pre-redu

ctional meiosis, types of sex chromosome system also play an important role 
' 

in the cytological characterizatin of the species. Thus, the value of cytology 

as an additional tool in the field of taxonomy in undeniable, and is possible, 

when we have adequate data at hand obtained in a planned way of study (Manna 

1956). It is now well known that the taxonomic classification of animals based 

solely on morphological characters might suffer some limitations and it was 

rightly pointed out by Manna (1969) that the identification of species should 

be based on morphology, supplemented with ecological, cytological, genetical 

and embryological informations. Furthermore, Ueshima and Ashlock (1980) stressed 

on the fact that chromosome number, its behaviour, morphology along with non 

cytological characters of the group together will serve as significant phylogenetic 
I 

indicator. Therefore, the study of the meiotic behaviour of the chromosomes, 
' 

chromosome numl:ier, karyotype and structure of the chromosomes and correlating 

these data with morphological findings may be useful in the solution of the taxo

nomical problems. Although a major limitation in this regard is poor cytological 

knowledge of many families, while in others it is uneven or variable and sometime 

incomplete (Manna 1984). According to Cobben (1968), detailed knowledge on 

the behaviour· of chromosomes and ways of recognizing them are needed to apply 

chromosome studi;,s to the solution of major taxonomicai disputes. Unless this 

is done, the application of the knowledge of cytology in taxonomy would be 

a sheer guess work. However, to date, chromosome cytology has made major 

contribution to insect systematics in several different ways, especially in distingui

shing the sibling or· cryptic species. Notwithstanding these limitations, it is 

hoped that, with the collection of adequate chromosome data on various insect 

groups and the application of modern staining methods like C-, G- and Q- banding 
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techniques in the identification and characterization of the chromosomes, detection 

of chromosome rearrangements etc., the actual advantage of cytotaxonomy 

would be realised and accepted. Keeping these facts in: view, the present work 

has been carried out by the author. 
' . 

The main body of this thesis is subdivided into two chapters 1 

In the first _chapter, the .chromosome behaviour during meiosis in 44 species 

of Heteroptera belonging to seven fa":lilies has been described. 

The second chapter deals with the study of the banding patterns of the chromo

somes in 1 B species of Heteroptera belonging to seven families. 

' 
-~ 



CHAPTER I STUDY OF THE BEHAVIOUR OF THE CHROMOSOMES 

DURING MEIOSIS IN MALES OF 44 SPECIES OF 

HETEROPTERA 
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INTRODUCTION 

The suborder Heteroptera contains about Z5,000 described species 

grouped under 58 families (Miller 1956). Among them, little over 1 ZOO species 

belonging to 37 families have been studied cytologically. The chromosome 

number and sex chromosome system of these species have been listed time 

'to time by various workers (Makino 1951, 1956; Manna 1951, Manna and Deb

Mal~ick 1981a; Leston 1956, 1957; Takenouchi and Muram,oto 1969; Muramoto 

1973; Parsh~d 1957c, d; Jande 1959b, c, 1961; White 1973; Ueshima and Ashlock 

1980; Mikolajski 1967; Nuamah 19BZ; Akingbohungbe 1974; Thomas and Yonke 

1981). Of these, the list prepared by Ueshima (1979) is up-to-dat~ and reasonably 

complete. Spermatogonial chromosome number of 1 ZOO species ranges from 

4 (Lethocerus sp., Belostomatidae) to 80 (Lopidea, Miridae) with a distinct peak at 

14 shown by about 325 species belonging to 11 families and some lower ones 

at 1 Z, 13, 16, Z1, Z4, 34 etc. (Ueshima 1979; Manna '1984). Manna (1956) sugges

ted diploid count of 14(1Z + XV) as the most primitive number in Heteroptera, 

·while Leston (1956) and Muramoto (1977) claimed 12 (10 + XV) as the primitive 

numb'er. Recently, Manna (1984) has proposed diphylectic family tree to explain 

the interrelationships between various groups of Heteroptera. Among the diffe

rent families of this suborder, Pentatomidae and Lygaeidae are fairly well 

known cytologically. On the other hand, Coreidae and Reduviidae are next known 
' group and they include diverse forms with varied chromosome numbers. Cytolo-

gically, Alydidae is very closely related to Coreidae and. members of this family 
' have coreid pattern of meiosis. Pyrrhocoridae and Largid.ae are poorly represen-

ted cytologically and they include species having diverse chromosome numbers. 

Cytological data on these families have been extended from the present study. 

Furthermore, there still remain great gaps in our knowledge of the chromosomes 

of different families of Heteroptera and nothing is known about the chromosomes 

of some lower groups viz., Enicocephalidae, Ceratocom,bidae, Schozopteridae, 

Helotrephidae etc. (P. Stys, personal communication to S.K. Dey). Notwithstan

ding incomplete chromosome information, study of the behaviour of meiotic 

chromosomes has contributed much towards understanding the chromosome evolu

tion and relationships.between diffe~ent heteropteran families. 
I 



Fig. 1. Dalpada sp. 

Fig. 2. Nezara icterica. 

Fig.3.. Euro~tus grossipes 

Fig. 4. Cahara jugo tori a . 

Fig. 5. Coridius chinensis 

Fig. 6. Tolumnia latipes 

Fig. 7. Agonoscelis nubiia 

Fig. 8. Placostemum taurus 

Fig. 9. Eusthenes robustus 

Fig.1 0. Co rid ius nepalensis 

Fig.11. P!autia sp. 

Fig.12. Carbula indica 

Fi~.13. Chrysocoris sto!lii 

Fig.14. Eumenotes sp. 

Fig.15. Co.mpastes bhutanicus 

Fig.16. Anaxandra. sp. 

Fig.17. Dunnius sp. 

Fig.18. Notobitus excellens 

Fig.19. Ochrochira granulipes 

Fig.2D. Molypteryx hardwickii 

Fig.21. Anoplocnemis phasiana 

Fig.22. Dal.ader acuticos ta 

Fig.23. Pe tillia patu!lico!lis 

Fig.24. Hygia sp. 

Fig.25. C!etus sp. 

PLATE 1 

(Figures 1-42) 

Fig.28. Acanthocoris sp. 

Fig.29. Riptortus pedestris 

Fig.30. Leptocorisa acuta 

· Fig.31. . Dysdercus cingu!atus 

Fig.32. Dysdercus koenigii 

Fig.33. Rhinicoris sp. 

Fig.34. Rhinicoris fuscipes 

Fig.35. Cydnocoris crocatus 

Fig.36. Spilostethus hospes 

Fig.37 Dieuches sp. 

Fig.38. lphita limbata 

Fig.39. Physopelta quadrigutta 

Fig.40. Physopelta schlanbuschi 

Fig.41. Physopelta gutta 

Fig.42. Lohita grandis 

Fig.26. Homoeocerus (Tagus) walkeri 
' 

'Fig.27. H omoeocerus (Tagus) sigillatus 
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13 
MATERIALS 

Adult male specimens of· 44 species of Heteroptera belonging to seven 

families ,constitute the materials for the present investi·gation. They were 

mainly collected from Darjeeling and Sikkim hill areas during the period July 

1983 to May 1986. Table 1 gives the classified list of species, place of collection, 

date of collection and altitude. Figures of 42. species are presented in the 

plate 1 (Figs. 1-42.). 

Table 1. List of heteropteran species used as material. 

Taxon Place of Date of Altitude 
collection collection 

Family Pentatomidae 

Subfamily Pentatominae 

Tribe Pentatomini 

1. G'arbula indica (West wood) Jalapahar 2.0.9.85 7,000 ft. 
Darjeeling 

' 2. Plautia sp. Teesta 14.8.83 5,000 ft. 
Kalimpong 

3. Nezara icterica Horvath Jorethang 5.8.85 150 ft. 
Sikkim 

4. N ezara viridula (Linnaeus) Bong Busty 15.8.83 3,500 ft. 
Kalimpong 

I 

5. Tolumnia la tipes (Dallas) Eighth Mile 14.8.83 4,000 ft. 
Kalimpong 

6. Agonoscelis nubila (Fabricius) Jorethang 3.8.85 150 ft. 
Sikkim 

7. P!i!Costemum taurus Durin Dara 15.8.83 6,000 ft. 
(Fabricius) Kalimpong 

&· Dunnius sp. Algara 14.8.83 5,000 ft. 
Kalimpong 

Tribe Halyini 

9. Cahara jugotoria (Lethierry) Ging 
Darjeeling 

10.5.86 6,000 ft. 

Lebong, Darjeeling 

10. Dalpada sp. Aaley Dara, 12..6.84 5,800 ft. 
Mirik 

'' 
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Taxon Place of Date of Altitude 
collection collection 

Tribe Compastaria 

11. <r:ompastes bhutanicus Ging 10.5.86 5,000 ft. 
Dallas DarJeeling 

, Subfamily Acanthosomatinae 

' 
Tribe Acanthosomini 

12. Anaxandra sp. Jalapahar 20.9.85 7,500 ft. 
Darjee!ing 

- Subfamily ·Dinidorinae 

Tribe Dinidorini 

13. Coridius chinensis Alley Dara 31.7.83 5,800 ft. 
(Dallas) Mirik 

14. Coridius nepaiensis Gangtok 7.8.85 6,000 ft. 
(Westwood) Sikkim 

Subfamily Tessaratominae 

Tribe Eumenotini 

15. Eumenotes sp. Malli 14.8.83 3,500 ft. 
Kalimpong 

Tribe Eusthenini 

16. Euros tus grossipes Pedong 14.8.83 6,000 ft. 
(Dallas) Kalimpong 

17. Eusthenes robustus , Gangtok 12.9.84 6,000 ft. 
(Lep. & Serv .) Sikkim 

Subfamily Asopinae 

Tribe Asopini 

18. , Picromerus sp. Malli 12.8.83 3,500 ft. 
Kalimpong 

Subfamily Scutellerinae 

Tribe Scutellerini 

' 19. Chrysocoris stollii Kalyani 8,5,86 
(Wolff) Nadia 



Taxon 

Family Coreidae 

Subfamily Coreinae 

Tribe Gonocerini 

20. Czetus sp. 

_Tribe Brachytini 

21. Dalader acuticosta 
Amyot & Serville 

Tribe Petascelidini 

• 
22. Petillia patullicollis 

Walker 

Tribe Mictini 

23. Ochrochira granulipes 
(Westwood) 

24. Molyptery::c hardwickii 
(white) 

. 25. Anop!ocnemis phas!ana 
(Fabricius) 

Tribe Homoeocerit:~i 

26. Homoeocerus {Tagus) 
1Sigilla tus St~l-

27. Homoeocerus (Tagus) 
Walkeri (Kirby) 

Tribe Cloresmini 

28. Notobitus e::ccellens Distant 

Tribe Physomerini 

29. Acanthocoris sp. 

Tribe Colpurini 

30. Hygia. sp. 

Place of 
collection 

Date of 
collection 

Rungdong Khola, 31.8.83 
Darjeeling 

Su\<na Reserve 
F crest, Siliguri 

18.7.85 

Pankhabari Road, 29.9.83 
Kurseong 

Lebong, Darjeeling 3.9.84 

Vah Tukvar T.E. 
Darjeeling 

16.4.84 

Jorethang, Sikkim 4.8.85 

-Eighth mile, 14.8.83 
Kalimpong 

Sukna ·Reserve 
Forest, Siliguri 

17.7.85 

Pedong, Kalimpong 15.8.83 

Sericulture Firm, 29.9.84 
Kurseong 

·Malle, 
Kalimpong 

13.8.83 

15 

Altitude 

5,000 ft; 

4,500 ft. 

6,812 ft. 

4,000 ft. 

150 ft. 

4,000 ft. 

6,000 ft. 

3,500 ft. 

-
4,500 ft. 



Taxon Place of . Date of Altitude 
collection collection 

Family Alydidae 

Subfamily Alydinae 

31. Riptortus pedestris Jorethang, Sikkim '5.8.85 150 ft. 
(Fabricius) · 

Subfamily Leptocorisinae 

Tribe Leptocorisini 

32. Leptocorisa acuta Sukna Reserve Forest, 18.7.85 
(Thunberg) Siliguri 

Family Largidae 

Subfamily Europhthalminae 

•Tribe Physopeltini 

33. ··Lohita grandis Sukna Reserve Forest, 18.7.85 
(Gray) Siliguri 

34. Iphita Zimbata Sukna Reserve Forest, 18.7.85 
Stl?it Siliguri 

35. Physopelta gutta Marion Road, 31.8.83 6,812 ft. 
(Burmeister) Darjeeling 

36. Physopelta quadrigutta Marion Road, 2.10.85 6,812. ft. 
Bergroth Darjeeling 

37. Physopelta schlanbuschi Kalyani, 2.10.85 ~,B:l2 ft 
(Fabricius) Nadia 

Family Lygaeidae 

Subfamily Lygaeinae 

38. Spilos te thus hospes Kalyani, Nadia 

Subfamily Rhyparochrominae 

Tribe Rhyparochrominr 

39. Dieuches sp. Bong Busty, 14.8.83 3,500 ft. 
Kalimpong 
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Taxon Place of Date of Altitude 
collection collection 

Family Pyrrhocoridae 

Subfamily Pyrrhocorinae 

Tribe Pyrrhocorini 

40. Dysdercus koenig!! Raigang, 29.5.84 
(Fabricius) W. Dinajpur 

41. Dysdercus cingulatus Jorethang, 3.8.85 150 ft. 
(Fabricius) Sikkim. 

Family Reduviidae 

. Subfamily Harpactorinae 

'42. Rhtnicoris fuscipes Jorethang, 4.8.85 150 ft. 
(Fabricius) . Sikkim 

i 43. Rhinicoris sp. Singmari, 3. 7.83 6,812 ft. 
I Darjeeling 

44. Cydnocoris crocat'us Jorett)ang, 4.8.~5 150 ft. 
stai Sikkim. 

All the species were identified and classified up to tribe level by Drs. M.S.K. Ghauri 

and M.R. Wilson of C.A.B. International Institute of Entomology, 56 Queen's Gate, 

London SW7 5JR, UK. · 

·: 
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METHODS 

The following. methods were used for the preparation of gonia! chromo

somes from the male and the female individuals. 

1. Permanent squash preparation 

a. Iron alum haematoxylin staining method 

Squash technique described earlier ?Y Dey (1980) and Dey et al. (1984) was 

followed for. the preparation· of chromosomes from the testes cells. Testes 

of the adult male individuals were dissecte·d out in .67% normal saline and 

then fixed in 1:3 glacial acetic acid & ethanol mixture for about 15 minutes. 

The fixed tissue was ttien transferred on a slide in a drop of 45% acetic acid. 

The slide was previously" rubbed with Mayer's albumin and dried over a spirit 

lamp. A cover slip was then put on the tissue and excess of the acetic acid 

was soaked wit~ a blotting paper. The tissue was then squashed by applying 

uniform thumb pressure on the cover slip. After squashing, the slide was heat 

and cooled periodically for about 30 minutes over a spirit lamp before immersing 

it in 50% alcohol for overnight. The cover slip will slip down automatically 

or it can be removed with the help of a razor blade. The ·slide was then rinsed 

in distilled water and subsequently transferred to 3% Iron alum (Ferric ammonium 

sulphate) m9rdant. The slide was kept in the mordant for :1 h 15 min and then 
' 

rinsed in distilled water before transferring it to 1% Heidenhain's haematoxylin. 

The slide was stained for 10 to 15 min and then rinsed in distilled water and 

observed under microscope to verify the staining intensity of the chromosomes. 

Excess of the stain can be removed by differentiating the slide in saturated 

picric acid solution. The slide was then kept in running tap water for about 

1 h before dehydrating in up grades of alcohol namely, 50%, 70%, 90% and 

ethanol. The slide was kept in each of the grades for about 30 to 45 min. -

and finally cleaned in xylene for about 15 min and then mounted in DPX. 

; In case of female individuals, chromosome preparation was made from 

ovarian cells by following the above method .. 

b. i Giemsa stain~ng method 

Some of the slides which were · prepared by squash technique could 

be stained with Giemsa. Slides were removed from 50% alcohol, rinsed in 
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distilled water and then stained in 10% Giemsa at 6.8 pH for about 15 to 20 

min. . They were then washed in distilled water to remove the excess of the 

stain and dehydrated in up grades of alcohol ' viz., 50%, 70%, 90% and ethanol, 

keeping them in each of the grades for 1-2 min only. The slides were finally 

kept in xylene for about 15 min and then mounted in DPX. 

2. Temporary squash preparation 

Temporary. squash technique was also used for the quick preparation 

of chromosomes from testes and ovaries of male and female individuals respe

ctively. The tissues were fixed in 1:3 glacial acetic acid and ethanol for about 

15 min and then stained in 2% lacto-aceto-orcein or in 2% aceta orcein for 

1 0 to 15 min. The stained tissue was then transferred on a clean grease free 

slide in a drop of 45% acetic acid. A cover slip was placed on the tissue, 

excess of the stain was soaked by blotting paper and then squashed by applying 

uniform thumb pressure. The edges of the cover slip were sealed with DPX. 

Measurement of the size of the chromosomes 

The first metaphase chromosomes of meiotic division were used for 

measurement of the size of the chromosomes by following the method described 

earlier by Manna (1951) with minor modifications. They are as follows: 

1. Epidiascope was not used for further magnification of the size of the 

chromosomes. 

2. The chromosomes were classified into six size classes instead of nine 

in Manna's method. 

3. The difference between each size classes was 4% instead of 2% in 

the previous method. 

The modifications were made only to expedite the process of classifi

cation of the chromosomes. Because of the relative availability of first metaphase 

stages, comparable degree of condensation of metaphase chromosomes in diffe

rent species and absence of primary constriction in the spermatogonial chromo

somes, the first metaphase chromosomes were considered most suitable for 

the measurement of the size of the chromosomes than do spermatogonial meta

phase chromosomes (Manna 1951; Schrader & Huges Schrade 1956, 1958; Sands 

1982b) for interspecific comparison of their relative size. Ten first metaphase 

plates from different individuals of each species were selected at random and 

_thec~autline of the .individual chromosomes. was drawn on.-.a. mm graph paper 
~:·.,._, -: • _ ~--'--- _ -~ ~- • • • ; ·' '"• • r. r> • >· ., ...; 

" . 
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with the help of a camera-lucida at a magnification of X1500 at the bench 

level. The number of full squares occupied by the drawing of an individual 

chromosome was counted. When outline of a chromosome occupied more than 
1 half of a square, it was counted as a full square, when less than half, it was 

omitted from the count. The total number of squares thus obtained in a parti

cular drawi.ng represents the size of that chromosome. The sizes of different 

chromosomes of the complement thus_ computed were arranged in order of 

magnitude. The mean value of each chromosome was obtained f~om the measure

ment of 10 different nuclei. The relative percentage size of each chromosomal 

element was calculated 'as a percentage of total chromosome area of the haploid 

complement, and the results ranked in descending order, From the relative 

percentage data, the chromosomes are classified into six size classes in order 

of magnitude viz., L 1, L 2 , M 1, M 2 , S 1 and s2 • The difference between any 

two consecutive size-groups is 4%. The classificatory system is as follows: 

L 1 = A chromosome will be placed into L 1 group when it 1s relative percentage_ 

size will be 21 o/o and above. 

L 2 = Above 17% but below 21% 

M
1 

= Above 13% but below 17% 

M 
2 

= Above 9% but below 13% 

S ~ = Above 5% but below 9% 

S 
2 

= Above 1% but below 5% 

The haploid complement of each species has been represented by a formula 

which gives the number of elements present in each size group. 

Calculation of the ratio between the size of the Y and the X chromosomes 

:The ratio between the size of the Y and the X chromosomes in the various 

species of Pentatomidae and Lygaeidae was calculated by following the method 

of Manna (1951), The camera lu.cida drawings of the XY pseudobivalent were 

made 1 on the mm graph paper from second metaphase. The number of squares 
I 

occupied by each ·of the two sex chromosomes was determined from five nuclei 

of each species selected at random and their average values were calculated. 

The mean value of the size of the Y is taken as S 1 and that of the X as S 2 a n d 

the ratio of the size was calculated from the following formula: 
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and results thus obtained have been presented under each species separately. 

Photomicrography 

Photomicrographs were taken by Olympus PM6 Camera using slow speed 
"=" 

OR~ DK-5 and MA-8 films. They were developed by Agfa A 902 fine grain 

developer. Printing was made in glossy bromide paper (Agfa) using Agfa A901 

paper developer. 
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OBSERVATIONS 

General co'urse of meiosis 

The general course· of meiosis in the seven families of the suborder Hetero

ptera reported in the present investigation is found to be fairly uniform. The 

meiosis is typical with minor variations in some species which will be discussed 

later. The spermatogonial metaphase chromosomes are condensed, globular 

or rod shaped in appearance and devoid of any primary constriction. This is 

expected in view. of the holocentric nature of heteropteran chromosomes (Huges

Schrader & Schrader 1961 ). 

On the onset of meiosis, in the early prophase stages, the structure of 

the chromosomes cannot be made out because they remain as a tanglea mass 

of chromatin threads occupying the central region of the nucleus, The sex 

chromosomes are, however, appear as a positively heteropycnotic mass entan

gled within the central chromosomal mass or lying very close to the nuclear 
' membrane. In c.ase of multiple sex chromosomes, they usually remain fused 

together and appear as a deeply stained chromosome mass. This stage of meiosis 

has been termed as contraction phase. 

Following the contraction phase, 

first introduced by Wilson (1912, ref. 

the nucleus enters diffuse stage, a term 

Ueshima 1979). During this stage, the 
I 

nucleus increases in size and the autosomes are very faintly stained, while 

the sex chromosomes remain as positively heteropycnotic body. Thus, the nucleus 

appear more or hiss empty except for the presence of heteropycnotic sex chro-

mosomes .. 

I 
Immediately after the diffuse stage, the chromosomes reappear again 
' generally in a late diplotene condition though different species varying in this 

respect. At diplotene stage, the bivalents are faintly stained and hapazardly 

arranged, while the sex chromosome remain as positively heteropycnotic body. 

The bivalents are characterized by low chiasma frequency and usually the chias

mata are localized near the ends of the chromosomes. The m-chromosomes, 

wherever present, are unpaired. 

During the diakinesis stage, the bivalents are still arranged hapazardly 

but are thick and deeply stained. The number of chiasmata per bivalent is 
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limited to one or rarely two and are mostly terminal. The sex chromosomes 

separate from . each other and become isopycnotic. In some cases, the sex 

chromosomes can be resolved as a double structure composed of two sister 
i . 

chromatids. The ·m-chromosomes, when present, are assQciated without forming 
' any chiasma. 

The arrangement of the first and the second ~etaphase chromosomes 

varies among the different families of Heteroptera studied in the present investi

gation. In the Pentatomidae, at the first metaphase, the autosomes form a 

ring in the periphery of the spindle, while the ce_ntre of the ring is occupied 

by one or both ·the sex chromosomes. When one sex chromosome participate 

in the formation of the ring, the other one lies in the autosomal ring. In rare 

instances, the centre of the ring may be occupied by -an autosomal bivalent. 

Normally, however, more . than two elements are not present in the centre of 

the ring. The different species of pentatomids, how.ever, behave differently· 

in these respects. At the second metaphase, the sex pseudobivalent invariably. 

lies in the centre of the autosomal ring. 

In the Lygaeidae, the arrangement of first and second metaphase chromo

somes is more or less similar to that of the Pentatomidae. In most cases, 

the X and Y lie in _the centre of the autosomal ring at metaphase I, while the 

XY pseudo-pair again lies in the centre of the autosomal ring at metaphase 

II. However, when m-chromosomes are present, the arrang~ment of the sex 

chromosomes and m-chromosomes shows some variations. At metaphase I, 

the X, Y and m chromosomes may occupy the centre of the autosomal ring, 

while both the . XY pseudobivalent and m-chromosome occupy the centre of 

the autosomal ring during metaphase Il. 

In the coreid bugs, the m-chromosomes occupy the centre of the autosomal 

ring, while the sex chromosome lies just outside the ring at first metaphase. 

Th~ position of the sex chromosome is, ·however, variable. In some cases, 

the sex chromosome lies along with the autosomes in the periphery, while the 

m-chromosomes are present in the centre of the ring as usual. At the metaphase· 

· II, the sex chromosome forms an accessory plate which lies just outside the 

ring formed by the autosomes a·nd 'the m-chromosome, leaving the inner space 

empty. In some cases, the inner space is occupied by the m-chromosome. 
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However, in some rare cases, the autosome lies along with the m-chromosome 

in the centre of the ring or the autosome alone locates in the centre, whereas ·· 

the m-chromosome lies along with the rest of the autosomes in the periphery. 

In the family Alydidae, the sex chromosome along with the autosomes 

lie in the periphery and the m-pair locates in the centre at metaphase I. As 

in coreid bugs, the sex chromosomes forms an accessory plate outside the auto

so,;,al ring, and the m-chromosome occupies the centre during second metaphase •. 

In the Pyrrhocoridae, at metaphase I, the sex chromosomes (X1 & X2) 

occupy the centrr;l of the autosomal ring, and sometime, a single autosome 

along with the sex chromosome· locate in the centre of the ring. At metaphase 

II, the fused X's· lies in the periphery along with the autosomes, while a lone 

autosome takes a position in the centre of the ring. 

In the largid bugs, the sex chromosomes usually locate in .the 

periphery of the spindle along with the autosomes, while the m-chromosomes 

occupy the centre of the ring at metaphase I. On rare occasion, most of the · 

sex chromosomes and m-chromosomes are found to locate in the centre of 

the ring, whereas one or two sex chromosomes lie along with the autosomes 

in the periphery. At metaphase II, the sex chromosome and m-chromosome 

lie 'in the centre of the autosomal ring or the m-chromosome locates in the 

centre of the ring formed by sex chromosome and autosomes. 

In the family Reduviidae, the chromosomes occupy the whole area of 
I 

the equat£:!rial plate of the spindle and there is no characteristic arrangement 

for the sex chromosomes. However, the fused X's and the Y usually lie in 

the centre of the autosomal ring during second metaphase. 

The first meiotic division is equational for the sex chromosomes, while 

the second division is reductional in all the species studie.ci here. 

The behaviour of chromosome during meiosis in males of 44 species 

of ·Heteroptera described hereunder will show a general agreement, but each 

of them has some peculiarity of its own for which they have been described 

briefly ·one after another. 

Fig.5. 

Fig.6. 
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Metaphase II showing six autosomes and an XV pseud~bivalent 

SVI!JN-... 
Anapliase II showing 9 18 a eFI elements ~n each pole· · 



Fig.1. 

Fig.Z. 

Fig.J. 

Fig.4. 

Fig.5. 

Fig.6. 

PLATE 2 

Fi~s.l-6. Mitotic and meiotic chromosomes of 

Carbula indica male. x 1500 

Spermatogonial metaphase showing 14 chromosomes. 

Diakinesis showing unpaired X and Y chromosomes. 

Metaphase l showing a faintly stained chromosome. 

Anaphase l sho.wing eight elements in each pole. 

Metaphase II showing six autosomes and an XY pseudobivalent 
. ' 

&Q;./~Jk-... 
Anaptiase II showing 9 1e 0 !'!Fl elements ~n each pole·. · 
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Family Pentatomidae 

Subfkmily P~ntatominae 
Tribe Pentatomini 

1. ·· Carbula indica Westwood 

(I':,J(Plate 2, Figs.l-6l. 

. ' 
f-. 

l' 1 
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The spermatogonial metaphase plates show 14 chromosomes (Fig. 1). 

Karyotype (Plate 17, Fig. 1) comprises four large, nine medium and one small 

chromosomes. Though the absolut.e distinction between the large and medium 

groups of chromosomes cannot be made in the karyotype, the X and Y chromo

somes form a heteromorphic pair. The Y chromosome is the smallest member 

of the complement, whereas the X chromosome belongs to medium-sized group 

of autosomes. 

At diakinesis stage (Fig. 2), the chromosomes are arranged hapazardly 

and the sex chromosomes, X and Y, are isopycnotic. They lie close to each 

other and can be demarcated from their size differences. At metaphase I 

(Fig. 3), the autosomal bivalents and the sex chromosomes are arranged in 

an irregular ring like fashion. While the Y chromosome is faintly stained, 

the staining intensity of X chromosome is similar to that of autosomal bivalents. 

Anaphase I (Fig. 4) contains eight elements in each pole, indicating the equational 

division of sex chromosomes at this stage. The X and the Y chromosomes 

form pseudobivalent like structure which lies along with other autosomes in 

the equatorial plane during metaphase II (Fig.5). Anaphase II (Fig. 6) is, hOW!'JVer, 

reductional for the sex chromosomes since the two sister cells show seven 

elements each. 

A study of the chiasma frequency (Table 2) shows that the loss of chias

mata is more pronounced between· diplotene and diakinesis. Most of the chias

mata are terminalized by diakinesis and metaphase I stages. The ·morphometric 

data are presented in the Table 3. The chromosome formula (Table 4) of this 

species is 2L 2 + 2M
1 

+ 2M 2 + 1 s
1 

+ 1 S 2 • The Y chromosome is the 

smallest member of the complement and is placed in the S 2 group, whereas 



Fig.1. 

Fig.2. 

Fig.3. 

Fig.4. 

PLATE J· 

Figs. 1-4. Mitotic and meiotic chromosomes of Plautia sp. 

male x 1500 

Spermatogonial metaphase showing 14 chromosomes 

Metaphase I showing six autosomal bivalents and the X and Y chromo

sOmes.-

Anaphase I showing eight elements in each pole. 

Metaphase II showing six autosomes and an XV pseudobivalent. 
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the X chromosome belongs to next higher group namely, S 1• The Y chromosome 

is nearly half the size of the X; the mean ratio between the size of the Y 

and the X calculated from the second division metaphase is 0.39 ± 0.91. 

Comment 

The chromosomes of nine congeneric species of Carbula indica have been 

investigated so far viz., C. aspavia (Parshad 1957b; Takenouchi & Muramoto 1969), 

C humerigera (Yosida 1950a, ref. Ueshima 1979; Takenouchi & Muramoto 1968, 

Muramoto 1982), C. socia and C. sp. (Manna 1951), C. biguttata (Yosida 1956), C. 

capita, C. carbula~ C marginella, C melacantha and C sp. nr. sjostedti (Nuamah 
' 

1982). All of them show diploid count of 14 with XY sex chromosome system 

in ~he male. The present species is no exception -to this rule. Since all the 

species of Carbula have same count of 14, it can be reasonably be regarded as 

characteristic number for this genus. Furthermore, comparison of the metrical 

data did not reveal any significant differences between the relative sizes of 

the corresponding chromosomes in C. indica, C socia and C. sp. However, mean 

chiasma frequency at diplotene stage of C. Indica is higher than that of C. socia 

and C. sp. It was 11.2 in C. indica against 6.33 and 6,127 in C. socia and C. sp. 

respectively. 

2. Plautia sp. 

(Plate 3, Figs. 1-4) 

• The spermatogonial metaphase contains 14 chromosomes (Fig. 1 ), Karyotype 

(Plate 17, Fig. 2) exhibits two pairs of large, four pairs of medium and one 

pair of small-sized chromosomes. However, the difference between these size 

classes is not very distinct. The X and the Y chromosomes belong to small 

size group. 

Study of ·the meiotic chromosomes shows that the sex chromosomes 

and autosomes are arranged in a ring like fashion at first metaphase. The centre 

of ·the ring usually remain empty, but occasionally it is occupied by an autosomal 

bivalent (Fig. 2). The first division anaphase is equational far the sex chroma

somes and each pole contains eight elements (Fig. 3). The arrangement of 

the chromosomes is typical at metaphase II (Fig. 4) where sex pseudobivalent 

occupies the centre of the autosomal ring. 

·--------~-------



Fig.1. 

Fig.2. 

Fig.3. 

Fig.4. 

Fig.S. 

PLATE 4 

Figs. 1-5. Mi~otic and meiotic chromosomes of Nezara icterica. 

'male x 1500! 

Spermatogonial metaphase showing 14 chromosomes. 

! 

Diplotene showing six autosomal bivalents and positively heteropycnotic 

sex mass. 

Diakinesis showing si_x autosomal bivalents and two sex chromosomes, 

X andY. 

Metaphase I showing typical ring-like arrangement of sex chromosomes 

and autosomes. The Y chromosome is lying in the centre of the ring. 

Metaphase II showing typical ring-like arrangement of E!Utosomes and 

sex chromosomes. The XY pseudobivalent is lying in the centre of 

the autosomal ring. 
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The chiasma frequency was · not calculated at diplotene and diakinesis 

due to the paucity of these stages. The mean chiasma frequency at metaphase 

I is 5.66 (Table 2.) Morphometric data are presented in the Table 3. The chro

mosome formula (Table 4) of this species is 1L
1 

+ 1L 2+ 1M 
1 

+ 2M 2 + 25 1 + 15 2 •. 

The X and the Y chromosomes belong to 5
1 

and 5
2 

groups respectively. The 

mean ratio between the Y and the X is 0.19 ± 0.60. 

Comment 

Our cytological knowledge on the genus P!autia is ·limited to four species, 

including the present one. All the species namely, P. crossota (Takenouchi & 

Muramoto 1970a), P. burnnipennls, P. fimbr·iata (Manna 1951) and P. sp. (present 

report) have diploid count of 14 (12 + XY) which may be tentatively considered 

as modal count for the genus Plautia. The general course of meiosis is found 

to be normal in all the species. 

3. Nezara icterica Horvath 

(Plate 4, Figs. 1-5) 

The spermatogonial metaphase plates reveal fourteen chromosomes 

(Fig.1). Karyotype (Plate 17, Fig. 3) contains four large, eight medium and 

two small chromosomes~ 

to small-sized class. 

The heteromorphic X and Y chromosomes belong 

At diplotene stage (Fig. 2), while the sex chromosomes form a hetero-
' 

pycnotic mass, the autosomes are faintly stained. The number of chiasmata 

per bivalent never exceed two. At diakinesis (Fig. 3), the chromosomes are 

still hapazardly arranged and the autosomal bivalents are either ring or rod 

shaped in appearance, whereas the X and the Y chromosomes lie close to each 

other 'and the X chromosome can be resolved as a double structure composed 

of two sister chromatids. The sex chromosomes are isopycnotic. At first 

metaphase (Fig. 3), the chromosomes are arranged in a typical ring like fashion. 

The X chromosome along with the autosomes lie in the periphery of the spindle, 

while the negatively heteropycnotic Y chromosome locates in the centre. At 

·metaphase II (Fig. 5), the sex pseudobivalent lies in the centre of the autosomal 

ring. Here again the Y -chromosome of the pseudobivalent is lightly stained. 



PLATE 5 

Figs. 1-4. Meiotic chromosomes of Nezara viridula male x 1500 

Fig.1. , Diakinesis showing six autosomal bivalents and X, Y sex elements. 

Fig.Z. Metaphase I showing equatorial arrangement ·Of autosomal bivalents 

and sex chromosomes. 

Fig.3. Anaphase I showing eight elements in each pole. 

Fig.4. ' Metaphase II showing six autosomes and an XY pseudobivalent. 
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The loss of chiasmata is found to be frequent between diplotene and 

diakinesis (Table· 2). Morphometric data are presented in the Table 3. The 

. chromosome formula of this species is determined as 1L 1 + 2M 1 +4M 2 + 15 2 
(Table 4). The Y chromosome is the smallest member of the complement and 

it belongs to S 
2 

group, whereas the X chromosome belongs to medium-sized class. 

The ratio between the Y and the X chromosome is 0.37 ± 0. 70. 

4. Nezara viridula Linnaeus , 
(Plate 5, Figs. 1-4) 

The diploid chromosome number was not ascertained in this species 

due to the lack of clear spermatogonial metaphase plates. However, haploid 

number has been established from the study of meiotic divisional stages. At 

diakinesis (Fig. 1 ), six autosomal bivalents and the X and Y sex chromosomes 

are hapazardly arranged. While the bivalents are ring or rod shaped with 

terminal chiasmata, the X and Y chromosomes lie very close to each other 

and are isopycnotic. At metaphase I(Fig.2), six autosomal bivalents along 

with the univalent X and Y chromosomes lie in an equatorial plane. A striking 

contrast has been observed between the X and the Y chromosomes in their 

staining intensity. The Y chromosome is comparatively lightly stained, while 

the X chromosome is isopycnotic. First division anaphase (Fig.3) is equational 

for the sex chromosomes and each pole contains eight elements. At second 

metaphase (Fig.4), the sex pseudobivalent lies in the periphery of the spindle 

along with the autosomes, leaving the inner space empty. The Y chromosome 

of the pseudobivalent is faintly stained. 

The loss of chiasmata is more pronounced between diplotene and 

diakinesis stages, and the mean chiasma frequency at diplotene stage is lower 

than that of congeneric species, N. icterica. (Tobie 2). Morphometric data are 

presented in the Table 3. The chromosome formula of the species is 2L2+ 1M 1 + 

3M 2+ 15 1 + 15 2 (Table 4). The Y chromosome is the smallest member of the 

complement and it belongs to s2 group, whereas the X chromosome is in the next 

higher category namely, s1. The mean ratio between the size of the Y and the X 

chromosome is 0.46 ± 0.81. 



Fig.1. 

Fig.Z. 

Fig~3. 

I Fig.4. 

'Fig.5. 

Fig.6. 

PLATE 6 

Figs. 1-6. Mitotic and meiotic chromosomes of 

Tolumnia latipes male. x 1500 

Spermatogonial metaphase showing 14 chromosomes. 

Late diplotene showing six autosomal bivalents and closely associated 

sex chromosomes, X and Y. 

Late diakinesis showing six autosomal bivalents and two separate 

sex chromosomes. 

Metaphase I showing faintly stained Y chromosome in the centre 

of. the ring. 

Anaphase I showing eight elements in each pole. 

Metaphase ·II showing an XV pseudobivalent. 
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Comment 

To date, the chromosomes of six species of Nezara have been reported 

viz., N. viridula, (Wilson 1905a, 1906; Xavier 1945, ref. Ueshima 1979; Manna 

1951; Hughes-Schrader &.Schrader 1957), N. icterica (Manna & Deb Mallick 1981 a), 

N. antennata (Nishimura 1927, Yosida 195Da, ref. Ueshima 1979), N. hilaris 

(Montgomery 1901a; Wilson 1905a, 1906 ref. Ueshima 1979), N. viridula var 

smaragdula and N. viridula var torquato (Nuamah 1982). All the species show 

14 chromosomes with XY sex chromosome system in the male. The present 

author has reinvestigated the chromosomes of N. viridula and N. icterica and 

is in agreement with the findings of earlier workers. Therefore, the diploid 

count of 14(12+XY) can be regarded as modal number of Nezara. 

5. To lumina la tipes (Dallas) 

(Plate 6, Figs. 1-6) 

The spermatogonial metaphase plates (Fig.1) exhibit diploid number 

of 14 (12 + XY) chromosomes in the male individuals. While preparing. the 

karyotype (Plate 17, Fig. 4), they can be grouped into two pairs of large, 

thre;e pairs of medium and two pairs of small-sized chromosomes. The hetero

morphic sex pair, X and Y, belongs to small-sized category. The Y chromosome 

is the smallest member of the complement. 

During male meiosis, the diplotene (Fig.2) carries six autosomal biva

lents and two sex chromosomes, X and Y. The sex chromosomes are positively 

heteropycnotic and are remain associated with each other. By late diakinesis 

(Fig. 3), the X and the Y chromosomes separate and become isopycnotic. All 

the chiasmata are terminalized in six autosomal bivalents. At metaphase 

I (Fig.4), six autosomal bivalents and the X chromosomes are arranged in a 

typical ring like fashion the centre of which is occupied by the faintly stained 

Y chromosome. First division is equational for the sex chromosomes and redu

ctional for the autosomes. Thus, first division anaphase (Fig.5) contains eight 

elements in each pole. Metaphase II (Fig.6) plates reveal six autosomes and 

an XY pseudobivalent. They are arranged in an equatorial plane. Second 

division is reductional for the sex chromosomes. 

The study· of chiasma frequency (Table 2) shows that the loss of chi as-

mata is frequent between diplotene and diakinesis. Morphometric data are 



Fig.1. 

Fig.2. 

Fig.3. 
I 

Fig.4. 

Fig.5. 

PLATE 7 

Figs. 1-5. Mitotic and meiotic chromosomes of Agonoscelis 

nubila male. X 1500. 

I 

Spermatogonial metaphase showing 14 chromosomes. 

Metaphase I showing lightly stained Y chromosome •. 

Anaphase· I showing eight elements in each pole. 

Metaphase ·II showing an XV pseudobivalent. 

Anaphase II showing seven elements in each pole. 
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presented in the .. Table 
1
3. The chromosome formula (Table 4) of the species 

is 1L 1 + 1L 2 +2M 1 + 1Mi+2S 1+ 15 2 • The ,v chromosome belongs to s 2 group, 
. • ~ , • l ~ • I 

whereas the X chromosome belongs to Jthe next higher group i.e. S 
1 

• The mean 

ratio between the V and the X chromosomes is 0.39 ± 0.91. 

Comment 

So far the present author is aware, no congeneric species of Tolumntu 

lutipes has been studied cytologically. The diploid count of this species is 

in agreement with that of the modal count of Pentatomidae. Therefore, the 

diploid number· of 14(12 +XV) chromosomes may be tentatively regarded as 

characteristic number for the genus Tolumniu; pending further extension of data 

on this genus. 

6. · Agonoscelis nubila (Fabricius) 

(Plate 7, Figs.1-5) 

The spermatogonial metaphase plates (Fig.1) of this species· show 14(12 

+ XV) chromosomes. They are grouped into three size classes in the karyotype 

(Plate 17, Fig. 5) viz., four large, eight medium and two small. The heteromor

phic X and V chromosomes belong to small-sized group. 

At first metaphase (Fig.2), six autosomal . bivalents and the X and V 

chromosomes are arrange~ in an irregular ring - like fashion. The V chromosome 

is faintly stained, while rest of the chromosomes are isopycnotic. The sex 

chromosomes divide equationally during anaphase I (Fig.3) and each pole contains 

eight elements. The second division metaphase (Fig.4) shows seven elements 

of which six are autosomes and an XV pseudopair, confirming he equational 

division of sex chromosomes during first meiotic division. Here again the V 

chromosome. of the pseudobivalent is lightly stained. Second division anaphase 

(Fig.5) is, however, reductional for the sex chromosomes and equational for 

the autosomes. As a result, there are seven elements in each pole. 

The loss of chiasmata is much pronounced between diplotene and diakine-
' sis (Table 2). Morphometric data are presented in the Table 3. The chromosome 

I .I 

I 



Fig.1. 

Fig.Z. 

Fig.3. 

Fig.4. 

PLATE 8 

Figs. 1-4. Mitotic and meiotic chromosomes of Placostemum taurus 

male. X 1500. 

Spermatogonial metaphase showing 14 chromosomes. 

Diakines.is showing X and ':f univalents. · 

Metaphase I showing the X and Y chromosomes· in the centre of the 

autosomal ring. 

Metaphase II showing an XY pseudobivalent. 
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formula (Table 4) of the species is 2L
2 

+ 2M 
1 

+2M
2

+ 15
1 

+ 15
2

• The X and the 

Y chromosomes beiong to 5 1 and S 2 groups respectively. The Y is the smallest 

member of the complement. The mean ratio between the Y and the X is 0.31 

± 0.23. 

Comment 

Manna (1951) report~d 14 (1 Z + XY) chromosomes in a congeneric species, 

~A. nubilis. Same count has also been observed in the present species. Since 

both the species of the genus Agonoscelis have typical pentatomid count of 14, 

this count may be tentatively suggested as characteristic number for this genus.· 

7. ,Placosternum taurus (Fabricius) 

(Plate B, Figs. 1-4) 

The spermatogonial metaphase complement (Fig.1) of this species shows 

14(12 + XY) chromosomes. Karyotype (Plate 17, Fig. 6) contains one pair large, 

five pairs medium and one pair small chromosomes. The heteromorphic six 

pair, X and Y, belongs to small-sized category. 

At diakinesis (Fig.2), there are six autosomal bivalents and two univalent 

sex chromosomes, X and Y. The chromosomes are hapazardly arranged and 

almost all the bivalents have terminai chiasmata. ·The sex chromosomes are 

isopycnotic. By first metaphase (Fig.3), six autosomal bivalents a·re oriented 

in the periphery of the spindle, while the X and Y univalents lie in the centre 

of the spindle. Both the sex chromosomes are faintly stained. First meiotic 

division is equational for the sex chromosomes as a result second division meta

phase (Fig. 4) contains ·six autosomes and an XY pseudobivalent. They are 

arranged in a typical ring like fashion, leaving the inner space empty. The 

Y chromosome of the pseudobivalent is. faintly stained. 

The loss of chiasmata is pronounced between diplotene and diakinesis 

(Table 2). From the morphometric data (Table 3), the chromosome formula 

of this species is determined as 1L
2 

+3M 1 +2M 2 + 1s1 + 15 2 (Table 4). The 

ratio between the size of the Y and the X is 0.31 ± 0.82. 
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Fig.1. 

Fig.2. 

Fig.3. 

Fig.4. 

PLATE 9 

Figs.1-4. Mitotic and meiotic chromosomes of Dwmius sp. 

male. X 1500. 

Spermatogonial metaphase showing 16 chromosomes. 

Diakinesis showing the X and Y univalents. 

Metaphase I showing equatorial arrangement of autosomal bivalents 

and sex chromosomes. 

Metaphase II showing an XY pseudobivalent. 
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Comment 

Only one congeneric species, Placostemum ficusius (as urus), has previ

ously been studied by Parshad (1957b) who reported 14 (12 + XY) as the diploid 

chromosome number. The presently worked out species also shows typical 

pentatomid count. of 14 which seems to be the characteristic number for 

the genus, Placostemum. 

8. Dwmius sp. 

(Plate 9, Figs. 1-4) 

The spermatogonial metaphase plates (Fig.1) exhibit diploid count of 

16(14 + XY) chromosomes. In the karyotype (Plate 17, Fig. 7), they are grouped 

into a P(:lir of large, four pairs of medium and three pairs cif small-sized chro-

mosomes. :The heteromorphic pair, which represents X and Y, belongs to 

small-sized category. 

During meiosis, the late diakinesis. (Fig.2) contains seven autosomal 

bivalents and the X and Y univalents which are isopycnotic. At metaphase· 

I (Fig. 3), seven autosomal bivalents and two sex chromosomes are arranged 

in an equatorial plane. First- meiotic division is equational for the sex chromo

somes. _The arrangement of the chrom·osomes at metaphase II (Fig.4) is of 

typical pentatomid type. The sex pseudobivalent occupies the centre of the 

autosomal ring. 

Mean chiasma frequency (Table 2) could not be calculated at diplotene 

due to the paucity of this stage, while there is a little variation in the mean 

chiasma frequency between diakinesis and metaphase I stages. Morphometric 

data are presented in the Table 3. The chromosome formula (Table 4) of 

this species is determined, as 1 L 
1 

+ 2M 
1 

+ 3M 
2 

+ 25 
1 

+ 1 S 2 • The_ Y chromosome 

is the -smallest member of the complement and it belongs to s2 group. Further, 

the Y chromosome is ne~rly one-third the size of the X which is placed in 

S 
1 

group. The mean ratio between the size of the Y and the X is 0.34 ± 

1.24. 
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Comment 

As far as the present author is aware, chromosome information is not 

available for any congeneric species of Dwmius sp. However, the diploid count of 

16(14+XY) chromosomes has been reported earlier in five other genera viz., 

Caystrus (Parshad 1957b), Cosmopelpa (Montgomery 1901 a, ·ref. Ueshima 1979), 

Niphe (Parshad 1957c), Palomena (Takenouchi & Muramoto 1970a; Yosida 1946; 

Schachow 1932b, ref. Ueshima 1979) and Spermatodes (Manna 1951). Further stu ·. 

dies on different species of Dwmius are desirable to determine the modal count 

for this genus. 

Tribe Halyini 

9. Cahara jugotoria 

(Plate 1 B, Fig.1) 

In this species, only spermatogonial metaphase plates were available 

for chromosome study. They contain typical pentatomid count of 14 chromosomes. 
' The karyotype (Fig.1) comprises four large, six medium and four small chromo-

somes. The heteromorphic sex pair, X and Y, belongs to small-~ sized class. 

Cahara jugotoria is the only species of this genus so for- known 

cytologically. Although the disploid number of this species is in agreement with 

the modal count of Peiltatomiade, the present data on Cahara is 

to ·comment on the type number for this genus.'· ·;, 

1 0. Dalpada sp. D and Dalpada sp. M 

inade~uate ~ · 

(Plate 1 O, Figs.1-6) (Plate 1 Oa, Figs.1 a-6a) 

Male individuals of .Dalpada jlp •. were:collected from. Darjeelil)g(D. sp. D) 

and Mirik hill areas ( D. sp. M). Hilly terrains and distance of about 55 km 

separate . these places. The analysis of spermatogonial metaphase plates reveals 

14(12=XY) (Figs. 1, 1a) chromosomes in all the male individuals. Karyotype 

of D. sp. M (Plate 1 B, Fig.2) comprises four large, eight medium and two small 

chromosomes. The X and Y chromosomes belong to small-sized category. 

The behaviour of meiotic chromosomes is found to be normal in the 

individuals of D. sp. D and D. sp. M. 

chromosome· has been observed in both 

However, a dot-shaped supernumerary 

diplotene (Fig.2a) and early diakinesis 
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PLATE 10 

Fig3.1-6. Mitotic. and meiotic chromosomes of Dalpada sp. D. X 1500 
\ 

Fig.1. Spermatogoinal metaphase showing 14 chromosomes. 

Fig.Z. Diakinesis showing the X & Y chromosomes. 

Fig.J. Metaphase I showing an Y chromosome. 

Fig.4. Metaphase II showing an XY pseudobivalent. 

Fig.5. Anaphase II showing seven element in each pole. 

Fig.6. Late anaphase showing a laggard. 
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PLAT£ 10a 

Figs. 1a-6a. Mitotic and meiotic chromosomes of Dalpada sp. M. X 1500 

Fig.1. 

' Fig.2. 

~ig.3. 

Fig.4. 

Spermatogonial metaphase showing 14 chromosomes. 

Diplotene showing a supernumerary chromosome. 

Diakinesis showing a supernumerary chromosome. 

Metaphase I showing an Y chromosome in the centre of the ring 

formed by six autosomal bivale1,1ts and the X chromosome. 

Fig.5 & 6. Anaphase II showing seven elements in each pole. 
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I 
(Fig.3a) stages of D. sp. M, while a laggard has been encountered in the anaphase 

stage (Fig.6) of D. sp. D. · The sex chromosomes and autosomes behave in a 

typical pentatomid fashion in other stages of D. sp. 0 (Figs. 2-5) and D. sp. M 

(Figs. 4a-6a). 

· A comparison of the mean chiasma frequency (Table 2) between D. sp. 0 

and p. sp. M did not reveal any appreciable differences. In both the cases, the 

loss of chiasmata is much pronounced between diplotene 

while it is negligible between diakinesis and metaphase I. 

and diakinesis stages, 

On the other hand, 

comparison of metrical data (Table 3). reveals striking difference between 

the relative sizes of the Y chromosomes. It was 2.53 ± 0.25 in Dalpada sp. 

D. against 4.02 ± 0.22 in D. sp. M. However, variations between the relative 

sizes of the corresponding autosom.es and X chromosomes are not noteworthy. 

The chromosome formulae (Tab!~ 4) olD. s_p. 0 and D. sp • .M are ZL 2 +ZM 1 +2M 2 
+151 +152 and 1L1 +3M1 +ZM2 +151 + 152 respectively. The mean ratios 

between the sizes of the Y and X are 0.19 ± 0.75 and 0.23 ± 2.16 in D. sp. 0 and 

D. sp. M respectively. The size of the supernumerary chromosome in D. sp. M is 

0.38 ± 0.07. 

Comment 

The chromosomes of five congeneric species of Dalpada sp. have been 

investigated so far viz., D. versico.lor (Rao 1954), D. jugatoria (Mittal & Joseph 

(1986), D. clavata, D. confusa and D. concinna (Parshad 1957a, b). All the 

species have Zn=14 chromosomes with XY sex chromosome system in the male. 

The presently worked out species is no exception to this rule. Keeping in view 

the cytological record of Dalpada, the number 2n=14 may be regarded as modal 

number for this genus. The cytological variations which have been observed 

in the individuals of Dalpada sp. collected from two different .localities may be 

ascribed to the intra specific chromosomal rearrangements occurring in two 

isolated populations of this species. 

to confirm this speculation." 

However, further studies are required 
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PLATE 11 
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Figs.1-4. Meiotic chromosomes of Anaxandra sp. male. X 1500. 

Fig.1. Metaphase I showing the X and Y univalents. 

Fig.2. Anaphase I showing seven elements in- each pole. 

Fig.3. Metaphase II showing an XV pseudobivalent. 

Fig.4. Anaphase II showing six elements in each pole. 
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Tribe compastaria 

11. Compastes bhutanic_us Dallas 

The chromosomes of this species have been studied by G-banding 

technique only. 5permatogonial metaphase plates contain 14 chromosomes. 

While preparing the karyotype, they can be grouped into a pair of large, 

three pairs of medium and three pairs of. small-sized chromosomes. The 

heteromorphic sex pair, X and Y, belongs to small-sized group. The Y chromo

some is the smallesf member of the complement Morphometric data are presen

ted in the Table 3. The chromosome formula (Table 4) of the species is 

1L 2 +3M 1 -~:3M 2 +I5 1 • The X andY chromosomes belong to M2 and 51 groups 

respectively. Karyotype of the G-banded spermatogonial metaphase plate 

ls given in' the chapter II of- this thesis ~(Plat~ 50;-'Fig.3):'Tb date; -no congeneric: 

species of C. bhutanicus has been studied cytologically. Therefore, the diploid 

count of 14 which is also the modal count of the Pentatomidae may be provi

sionally regarded as type number for Compastes. 

5ubfamily Acanthosomatinae 

Tribe Acanthosomini 

12. Anaxandra sp. 

(Plate 11, Figs. 1-4) 

Spermatogonial metaphase plates were not encountered in this species. 

During meiosis, metaphase I (Fig.I) exhibits five autosomal bivalents and two 

Ul)ivalent sex chromosomes, X & Y. First division is equational for the sex 

chromosomes as a result anaphase I (Fig.2) contains seven elements in each 

pole. At metaphase L,, (Fig.3) J five autosomes and an XV pseudobivalent 

are arranged in an equatorial plane. Second division anaphase (Fig.4) is 

reductional for the sex chromsomes and two sister cells show six elements 

each. Mean chiasma frequency (Table 2) was calculated for diakinesis and 

metaphase I stages. The loss of chiasmata is negligible between these stages. 

Morphometric data are presented in the Table 3. The chromosome formula 

of the species ·is·1L1 -+ 1L;+1M 
1

+2M 
2

+2S 
1 

(Table 4). The X and the Y chro

mosomes belong to S 1 group. Mean ratio between the sizes of the Y and 

the X chromosomes is 0.39 ± 0.49. 
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Figs.1-5. Meiotic chromosomes of Coridius chinensis male. X 1500. 

Fig.6. Mitotic chromosome of C. nepalensis male. X 1500. 

Fig.1. Diplotene showing an heteropycnotic sex mass. 

Fig.2. Diakinesis showing the isopycnotic X and Y chromosomes. 

I Fig.3. Metaphase I showing the X and Y chromosomes. 

Fig.4. Metaphase !I showing an XV pseudobivalent. 

Fig.5. Anaphase II showing seven elements in each pole. 

Fig.6. Spermatogonial metaphase sHowing 14 chromosomes. 
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Comment 

As far as the present author is aware, Anaxandra sp. is the only uniden

tified .species of this genus studied cytologically. The haploid count of 5A+XY, 

which has been found in the present species, is in agreement with the modal 

haploid. count of Acanthosomatinae. Pending further extension of data on 

Anaxaridra, the count 5A+XY may be tentatively assumed as characteristic 

haploid. number of this genus. 

Subfamily Dinidorinae 

Tribe Dinidorini 

13. Coridius chinensis (Dallas) 

(Plate 12, Figs. 1-5) 

In this species, .meiotic stages were only available for chromosome 

study. Diplotene stage (Fig.1) contains six autosomal bivalents and an hetero

pycnotic sex mass. The mean chiasma frequency at this stage is 8.28 (Table 

2). At diakinesis (Fig 2), autosomal bivalents are comparatively thick.er and 

the isopycnotic X and Y chromosomes lie apart. The chiasmata are mostly 

terminalized at this stage. As metaphase I (Fig.3) is formed; six autosomal 

bivalents and the X, Y univalents are arranged in an equatorial plane. The 

Y chromosome is faintly stained. At the second metaphase (Fig.4), six auto

somes and an XY pseudobivalent are arranged in a ring like fashion. During 

second anaphase (Fig.5), each pole contains seven elements indicating reductio

nal segregation of sex chromosomes. 

The loss of chiasmata is frequent between diplotene and diakinesis 

(Table 2). Morphometric data are presented in the Table 3. The chromosome 

formula (Table 4) of this species is 1L + 1L +2M +2M
2

+15
1

+15
2

• TheY 1 2 1 . . 
chromosome is the smallest member of the complement, while the X chromo-

some belongs to S 
1 

group. The mean ratio between the sizes of the Y and 

the X chromosomes is 0.58 ~ 0.66. 

I 

I 
I 



PLATE 13. 

Figs.1-5. Mitotic and meiotic chromosomes. of Eumenotes sp. male. X 1500. 

Fig.1. Spermatogoni!'l metaphase showing 14 chromosomes. 

Fig.2. Diakinesis showing the univalent X and Y chromosomes. 

Fig.3. Metaphase. I showing the univalent X and Y chromosomes. 

Fig.4., Metaphase II showing an XY pseudobivalent. 

Fig.5. Anaphase II showing seven elements in each pole. 
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14 •. Coridius nepalensis (Westwood) 

(Plate 12, Fig. 6) 
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The spermatogonial metaphase plate (Fig.6) exhibits 14 chromosomes. 

While preparing the karyotype (Plate 18, Fig. 3), they can be grouped into 

a pair of large, two pairs of medium and four pairs of small chromosomes. 

The heteromorphic sex pair, X and Y, belohgs to small-sized category. However, 

it was not possible to study the course of meiosis due to the paucity of divisional 

stages. 

Comment 

To date, four congeneric species namely, C. ianus ( as Aspongopus ianus) 

C. orientalis (as A. orientdlis) (Manna 1951), C. sp. (Jande 1959c) and C. cupri

fer (Nuamah 1982) have been studied cytologically. All the species show diploid 

count of 14(12+XY) chromosomes.' The presently worked out species are no 

exception to this rule. Therefore, 2n=14 may be assumed as characteristic 

count of CoridiUs. 

Subfamily Tessaratominae 

Tribe Eumenotini 

15. Eumenotes sp. 

(Plate 13, Figs. 1-5) 

The spermatogonial metaphase complement (Fig.1) consists of 14 

chromosomes. The analysis of karyotype (Plate 18, Fig.4) shows that there 

are two pairs of large,. four pairs of medium and one pair of small chromosomes. 

The heteromorphic sex pair, X and Y, belongs to small-sized class. 

Diakinesis (Fig.2) contains·. six autosomal bivalents and the X and 

Y univalents. Both of them lie close to each other and each can be resolved 

as double structure composed of two sister chromatids. At metaphase I (Fig.3), 

autosomal bivalents and univalent sex chromosomes are arranged in an irregular 



PLATE 14 

Figs.1-4. Mitotic and meiotic chr.omosomes of Eurostus grossipes male X 1500. 

Fig.1. 

Fig.2. 

Fig.3. 

Fig.4. 

Spermatogonial metaphase showing 12 chromosomes. 

Diakinesis showing the X and Y chromosomes. 

Metaphase I showing X and Y chromosomes in the centre of the auto

somal ring. 

Metaphase II showing an XY pseudopair. 
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ring like fashion. At metaphase II (Fig.4), an XY pseudobivalent locates in 

the centre· of the irregular ring formed by six autosomes. During anaphase 

Il (Fig.5), the sex chromosome segregate reductionally and each pole contains 

seven elements. 

Study of the mean chiasma frequency (Table 2) shows that the Joss 

of chiasmata is frequent between diplotene .and diakinesis, while it is gradual 

between diakinesis and metaphase I. Morphometric data are presented in 

the Table 3. The chromosome formula (Table 4) of this species is 1L1 +3M 1 +2M 2 
15 

1
+ 15 2 • The X and Y chromosomes belong to 5 1 and 5

2 
groups respectively. 

The mean ratio between the sizes of the Y and the X chromosomes is 0.29 

± 0.86. 

Comment 

Manna (1951) reported 14(12+XY) chromosomes in a congeneric species, 

E. obscura. The same count has also been observed· in 

2n=14 may be 

the present species. 

tentatively suggested Pending further extension of data, the 

as the characteristic number of the genus Eumenotes. Comparison of the behavior 

of chromosomes during meiosis did not reveal any significant differences between 

E. obscura and E. sp. However, the mean chiasma frequency at· diplotene 

stage in E. sp. is found to be higher than that of E. obscura. Except for the 

variation in the relative sizes of the x·chromosome, which was 8.54% in E. sp~ 

against 10.21% in E. obscura, no difference has been found between the 

diploid complements of these species. 

Tribe Eusthenini 

16. Eurostus grossipes (Dallas) 

(Plate 14, Figs. 1-4) 

The spermatogonial metaphase plate (Fig.1) reveals the presence 

of 12 chromosomes. Karyotype (Plate 18, Figs: 5) comprises two large, eight. 

medium and two small chromosomes. The heteromorphic sex pair, X and Y, 

belongs to small-sized group. 



PLATE 15 

Figs.1-4. Mitotic and meiotic chromosomes of Eusthenes robustus male X 1500. 

Fig.1. Spermatogonial metaphase chromosome showing 1 Z chromosomes. 

Fig.Z. Early diakinesis showing an heteropycnotic sex mass. 

Fig.3. Late diakinesis showing the X and Y univalents. 

Fig.4.' Metaphase I showing the X and the Y chromosomes. 
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During meiosis, diakinesis (Fig.2) contains five autosomal bivalents 

and the X and Y univalents. At metaphase I (Fig.3), the X and Y chromosomes 

lie in the centre of an autosomal ring formed by five autosomal bivalents. 

At metaphase II (Fig.4),the autosomes again orient in the periphery of the 

spindle and the XY pseudopair lies in the centre of the spindle. 

The mean chiasma frequency (Table 2) was not calculated for diplotene 

due to the lack of adequate number of plates. However, the loss of chiasmata 

is found to be gradual betweeen diakinesis and metaphase I • Morphometric 

data are presented in the Table 3. The chromosome formula (Table 4) of 

the species is 1L1 +1L 2 +3M, 
1
+25 

1
• The sex chromosomes belong. to S 

1 
group. 

The mean ratio between the sizes of the Y and the X chromosomes is 0.52 

± 0.53. 

Comment 

As far as the present author is aware, Eurostus grossipes is the only 

species of this genus studied cytologically. The present data is, however, 

inadequate to comment on modal count for the genus, Euros tus. 

17. Eusthenes robustus (Lep. & serv.) 

(Plate 15, Figs. 1-4) 

The spermatogonial metaphase complement (Fig.1) exhibits 12 chromo

somes. Karyotype (Plate 18, Fig.6) contains two large, eight medium and 

two small chromosomes. The heteromorphic pair, X and Y, belongs to small

sized category. 

During early diakinesis (Fig.2), there are five autosomal bivalents 

and an heteropycnotic sex mass. At late diakinesis (Fig.3), the X and Y chromo

somes lie close to each other and become isopycnotic; As the metaphase 

I (Fig.4) is formed, five autosomal bivalents along with the X chromosome 

are arranged in a ring like fashion, while the Y chromosome lies just outside 

the ring. 



PLATE 16 

Fig.1-4. Mitotic and meiotic chromosomes of Picromerus sp. male. X 1500. 

Fig.1. 

Fig.Z. 

Fig.3. 

Fig.4. 

I 

Spermatogonial metaphase showing 14 chromosomes. 

Metaphase I showing the X and Y univalents. 

Metaphase II showing an XY pseudobivalent. 

Anaphase II showing seven elem.ents in each pole. 
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Analysis of the mean chiasma frequency (Taple 2) shows that the 

loss of chiasmata is gradual between diplotene, diakinesis and metaphase I 

stages. The morphometric data are presented in the Table 3. The chromosome 

formula (Table 4) of the species is 1L 1 +ZL 2 +1M 1 +1M 2 +1 S 1 +15 2 • The X and 

Y beong to s
1 

and S 2 groups respectively. The Y chromosome is the smallest 

member of the complement. The mean ratio between the Y and the X is 

0.64 ± 0.71. 

Comment 

Parshad (1957c) reported 12 (10+XY) chromosomes in a congeneric 

species, Eusthenes saevus. The same count has also been observed in the 

present species. Pending further extension of data, the· count 2n=12 may be 

tentatively regarded as characteristic number for the genus, Eusthenes. 

Subfamily Asopinae 

Tribe Asopini 

18. Picromerus sp. 

(Plate 16, Figs.1-4). 

The spermatogonial metaphase (Fig.1) shows diploid count of 14 chromo

somes. They can be categorised into two large, eleven medium and one small 

chromosomes in the karyotype (Plate 18, Fig. 7). In the heteromorphic pair, 

the X and. the Y belong to the medium and small-sized groups respectively. 

At metaphase I (Fig.Z), six autosomal bivalents and the univalent 

X and Y chromosomes are arranged in an equatorial plane. There is a precocious. 

separation of chromosomes in one of the bivalent. As the metaphase II (Fig.3) 

is formed, the XY pseudobivalent and the autosomes are oriented in an irregular 

ring like fashion. The second meiotic division is reductional. for the sex chromo

somes. Thus, there are seven elements in each pole during anaphase II (Fig.4). 
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Mean chiasma frequencies (Table 2) were calculated only for diplotel")e 

and first metaphase stages. Metrical data are presented in the Table 3. 

The chromosome formula of this species is 1L
1 

+1L
2

+1M
1 

+2M 
2

+2S
1 

+1S
2

• The 

X and the Y chromosomes belong to S 1 and S 
2 

groups respectively. The mean 

ratio between the sizes of the Y and the X chromosomes is 0.50 ± 1.26. 

Comment 

So far, two congeneric species, Picromerus bidens ( G e it 1 e r 1 9 3 9 b; 

XaviE<r 1945, ref. Ueshima 1979) and P. nigridens (Xavier 1_945) have been stu

died bytologically. Both of them show diploid counts of 14(12+XY) chromosomes. 

The presently worked out species also has the same count. 

diploid chromosome number of 14 which is in agreement with 

Therefore, the 

the modal count 

of Pentatomidae may be regarded as characteristic number for Picromerus. 

Subfamily Scutellerinae 

Tribe Scutellerini 

19. Chrysocoris stollii (Wolff) 

In this species, chromosomes have been studied by C- and G-banding 

techniques. The banded chromosomes have been described in detail in Chapter 

I of this thesis. However, an attempt has been made here to discuss the 

diploid counts in the genus, Chrysocoris. The diploid count of 12(1 D+XY) chromo

somes has been encountered in the spermatogonial metaphase plate of the 

species. Karyotype (Plate 51, Figs. 6-7) reveals three categories of chromosomes 

viz., two large, nine medium and one small chromosomes. The X and Y form 

a heteromorphic pair. While the Y chromosome is the smallest member of 

the complement, the X belongs to the medium-sized category of autosomes. 

Morphometric data are presented in the Table 3. The chromosome formula 

of the species is 1L
1 

+ZL
2

+1M 1+1M 2+2S 1 • The X and Y chromosomes 

belong to S 1 group. 
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-\ 

Fig~ 1-7. tvlale karyotypes of seven species of Pentatomidae. 

Fig.1. 

Fig.Z. 

Fig.3. 

Fig.4. 

Fig.S. 
i 
• Fig.6. 

Fig.7. 

Karyotype of Carbula indica. 2n=14 (12+ XY) 

karyotype of Plautia sp. Zn =14 (12+XY) 

Karyotype of Nezara icterica 2n=14 (12+XY.) 

Karyotype of Tolumnia latipes. 2n=14 (12+XY) 

Karyotype of Agont;Jsce!is nubila 2n=14 (12+XY) 

Karyotype of Placostemum taurus. 2n=14 (12+XY) 

Karyotyope of DU1VliUS sp. 2n=16 (14+XY) 
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PLATE 18 

Fig.1-7. Male karyotypes of seven species of Pentatomidae. 

Fig.1. Karyotype of Cahara jugotoria. 2n"14(12+XY) 

Fig.Z. Karyotype of Dalpada sp.M 2n"14 (12+XY) 

Fig.J. Karyotype of coridius nepaZensis 2n=14 (12+XY) 

Fig.4. Karyotype of Eumenotes sp. 2n=14 (12+XY) 

Fig.5. Karyotype of Eurostus grossipes 2n=12 (1 O+XY) 

Fi:g.6. Karyotype of Eus thenes robus tus 2n"12(1 O+XY) 

Fig. 7. ·Karyotype of Picr.omerus sp. 2n=14 (12+XY) 
I 



! It 

•• 1 

•• 5 

I • 
2 .. 
6 .. 
. 2 

•• 
6 

tl 
3 

•• 3 

.. 
4 

.I . • • 
X y I 

•• I 
4 I . 

12 
I • 
X y , 

I . 
I 

II • • • • I. I 1 2 3 4 
,3 

•• • • 
5 6 

II ,. ,. 
1 2 3 

•• •• 1 s 6 

I IC II 
1 2 

• • 
X y 

•• 
4 

• • 
X y 

•• 3 I 
' iS 

II. tt. 
4 5 

• l.i 
X y I 

2 

I •• ,. .• ttl 
_!l 5 X y 

• •• •• •• 
1 

~·· ' 4 

2 

•• 5 

3 

•• • • 6 X Y 

6 

7 



PLATE 19 

Figs. 1-5. Mitotic and meiotic chromosomes of Ochrochira granulipes male. X 1500. 

Fig.1. 

Fig.Z. 

Fig.3. 

Fig.4. ' 

Fig.s.-

I 

Spermatogonial metaphase showing 21 chromosomes. 

Metaphase I showing an m-pair and an X chromosome. 

Metaphase I showing equatorial arrangement of the chromosomes. 

Anapha~e I showing eleven elel)lents in each pole. 

Metaphase II showing an accessory plate formed by the X chromosome. 
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To date, three species of Chrysocoris have been investigated cytolo

gically namely, C. sto!lii (Das Gupta 1950; Deb-Mallick & Manna 1984), C. pur

pures (Jande 1959c) and C. grandis var. baro (Deb-Mallick & Manna 1984). 

All the species show diploid count of 12 (10+XY) chromosomes. The present 

author ha_s reinvestigatedttie chromosome of C. sto!lii and has confirmed the ear

lier diploid' count of this species. The available data suggest that the modal 

number of the genus is 12(1 D+XY). 

'' Family Coniiadecki e 
Subfamily Coreinae 

Tribe Mictini 
- -· 

20. Ochrochira granulipes 

(Plate 19, Figs. 1-5) 

The spermatogonial metaphase (Fig.1) contains 21 chromosomes. They 

are grouped into three size classes in the karyotype (Plate 29, Fig.1) namely, 

two large, 17 medium and two small. The m-chromosomes are the smallest 

members of the complement, while the single X chromosome is similar in size 

to the medium-sized autosomes, and is not easily distinguished from the autoso-

mes. 

The first division metaphase (Figs. 2 & 3) plates consist of nine auto

somal bivalents, an m-pair and an X chromosome, The autosomal bivalents 

are either arranged in a ring like fashion (Fig.2) the centre of which is occupied 

by the m-chromosomes and the X lies outside the ring or all of them are arranged 

in an equatorial plane (Fig.3). At anaphase I (Fig 4), there are eleven elements 

in each pole, indicating equational division for the X chromosome. Metaphase 

II (Fig.5) comprises nine autosomes, m-chromosome and an X chromosome which 

forms an accessory plate. 



PLATE 20 
' Figs. 1-8. Mitotic and meiotic chromosomes of Molypteryx hardwickii male 

X 1500. 

Fig.1. 

Fig.3. 

Fig.4. 

Fig,5. 

Fig.6. 

I 

Fig.7. 

Fig.B. 

Spermatogonial metaphase showing 21 chromosomes. 

Diakinesis showing two separate m-chromosomes and an . 

X chromosome. 

Metaphase I showing two separate m-chromosomes. 

Metaphase I showing an m-pair in the centre of the autosomal 

ring and an X chromosome outside the ring. 

Anaphase I showing eleven. elements in each pole. 

Metaphase II showing equatorial arrangement of the chromo-

somes. 

Metaphase I showing equatorial arrangement of ten autoso

mal bivalents, m-chromosomes and an X chromosome. 

Metaphase II showing equatorial arrangement of ten autoso

mes, an X chromosome and an m-chromosome. 
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Study of the mean chiasma frequency (Table 2) shows that the loss 

of chiasmata is gradual between diplotene, diakinesis and metaphase I. Morpho

metric data are presented in 'the Table 3. The chromosome formula (Table 

4) of the species is 2M 1 +3M 2 +6S 1 The m-chromosomes are the smallest 

members of the complement and they belong to S 1 group. 

Comment 

To date, four species of Ochrochira, including the present one, have been 

studied cytologically. Among them, 0. rubrotincta (Sands 19B2a), 0. albiditarsis 

(Parshad 1957c) and 0. _granulipes (present report) have diploid counts of 21 

(1 B+2m+X0) chromosomes, whereas 0. sp. (Jande 1959b) shows 26 (22+2m+X,X 
2
o). 

Therefore, except 0. sp., all the species have typical coreid complement of 21 

chromosomes which may be suggested as the characteristic number for this 

genus. 

21. Mo!ypteryr llardwickii (White) 

(Plate 20, Figs. 1-B). 

The spermatogonial metaphase (Fig.1) has 21 chromosomes and the 

oogonial metaphase shows 22. In the male karyotype (Plate 29, Fig.2), there 

are two large, sixteen medium and three small chromosomes. The m-pair and 

the single· X chromosome belong to small-sized group. However, there is 

no sharp distinction between medium and small-sized chromosomes and the 

size of the m-chromosome is almost equal to that of the X chromosome. The 

seriation of the chromosomes in the female karyotype (Plate 29, Fig.3) is similar 

to that of the male chromosomes and the two X chromosomes and m-pair belong 

to small-sized group. 

At diakinesis (Fig.2), there are nine autosomal bivalents, two separate 

m-chromosomes and an X chromosomes. All the elements are hapazardly arranged 

and the autosomal bivalents are either cross or rod shaped in appearance. 



44 

During metaphase I (Fig.3 & 4), nine autosomal bivalents, m-chromosomes and 

the X chrom'osomes are :i ther arranged in an equatorial . plane or in a typical 

ring like fashion. In .case of ring like arrangement (Fig.3), the m-pair occupies 

the centre of the ring fOI'!TJed by the autosomal bivalents, while the X chromo

some. lies outside the ring. In some metaphase plates (Fig.2), the m-chromosomes 

remain separated from each other. First division is equational for the sex 

chromosome. As a result, there are eleven elements in each pole during anaphase 

I (Fig.5). At metaphase II (Fig.6), nine autosomes, m-chromosome and an X 

chromosome lie in an equatorial plane •. However, some individuals of M. hardwi

ckii, which were collected from Kurseong hill areas about 45 km from the 

collection site of the former individuals, have ten autosomal bivalents instead 

of nine at metaphase I (Fig. 7) and ten autosomes instead of nine at metaphase 

II (Pig.B). It seems that this is the case of an autosomal polymorphism which 

needs further attention. 

Study of the chiasma frequency (Table 2) shows that the loss of chiasmata 

is fre~uent between 

ted if} the Table 3. 

4M 2 .+551 +15 2 • 

respectively. 

Comment 

diplotene and diakinesis. The morphometric data are presen

The chromosome formula (Table 4) of the species is 1M 
1 

+ 

The X and them-chromosomes belong t9 s1 and S 2 groups 

Takenouchi & Muramoto (1970b) reported 21 (18+2rr+XO) chromosomes 

in a congeneric species, M. fuliginosa. The same count has also been encountered 

in the present species. Pending further extension of data, the count 2n=21 

may be tentatively suggested as the characteristic number for the genus, Molyp

teryx. 

22. Anop!ocnemis phasiana (Fabricius) 

The chromosomes of this species have been studied mainly by G-banding 

technique.. While the G-banded chromosomes have been described in the second 



PLATE 21 
• 

Figs. 1-3. Mitotic and meiotic chromosomes of Homoeocerus (Tagus) 

sigillqtus male. x 1500. 

Fig.1. 

Fig.2. 

Fig.3. 

Spermatogonial metaphase showing 21 chromosomes. 

Diakinesis showing an X chromosome. 

Metaphase I showing an X chromosome out~ide the autosomal 

ring and an m-pair in the centre of the ring. 
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chapter of thi"s thesis, the karyotype is presented herein. 

The spermatogonial metaphase exhibits 15 chromosomes. They can 

be grouped into two size classes, four ·large and eleven medium, in the karyotype 

'(Plate 29, Fig.4). There ~s sharp distinction between large and. medium-sized 

'chromosomes. The m-chromosomes are absent and the X chromosofT\e belongs 

· to medium-sized group of a~;~tosomes. The loss of chiasmata is gradual between 

di<!kinesis and metaphase I (Table 2). Morphometric data are presented in the 

Table 3. The chromosome formula (Table 4) of the species is ZL
1 

+3M
2 

+35 
1 

• 

The X chromosome belongs to S 1 group. The 2n=15, XO found in the Indian spe- · 

cimens of A. phasiana confirms Sands's count (1982a) for Malaysian specimens of 

the same species. However, present data are inadequate to suggest the characte~ 

ristic number for the genus Anoplocnemis. 

Tribe Homoe0cerini 

23. Homoeocerus (Tagus) sigillatus St~l. 

(Plate 21, Figs. 1-3) 

The spermatogonial metaphase plate (Fig.1) reveals the presence of· 

21 chromosomes. Karyotype (Plate 29, Fig.5) cornprises eighteen medium and 

three small-sized chromosomes. The m-chromosomes are the smallest members 

of the complement, while the X chromsome belongs to small-sized group. 

During meiosis, diakinesis (Fig.2) contains nine autosomal bivalents, 

two faintly stained m-chromosomes , and an isopycnotic X . chromosome. The 

autosomal bivalents are either cross or rod shaped in appearance and all the 

elements are hapazardly arranged. At metaphase I (Fig.3), nine autosomal 

bivalents are arranged in a typical ring like fashion the centre of which is 

occupied by the m-pair, while the X chromosome lies just aut side the ring. 

Study of the chiasma frequency (Table 2) shows that the loss of chias-

mata is gradual between diplotene, 

data are presented in the Table 3. 

species is 1M 1 +5M 2 +35 1 +25 
2 

to 5 2 group. 

diakinesis and metaphase I. Morphometric 

The chromosome formula (Table 4) of the 

The m-chromosome and the X belong 

·-----------------------------------
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Figs. 1-4. Mitotic and meiotic chromosomes of Homoeocerus (Tagus) 

walkeri m!:!le. X 1500. 

Fig.1. 

Fig.2. 

Fig.3. 

Fig.4. 

Spermatogonial metaphase showing 21 chromosomes. 

Diakinesis showing two unpaired m-chromosomes and an 

X chromosome. 

Metaphase I showing an m-pair in the centre of a ring. 

Metaphase II showing an X chromosome lying just outside 

the autosomal ring. 
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24. Hornoeocerus ( Tagus) walkeri (Kirby) 

(Plate 22, Figs. 1-4). 

46 

The spermatogonial metaphase (Fig.1) shows 21 chromosomes. Karyotype 

(Plate 29; Fig.6) contains ten medium and eleven small-sized chromosomes.' 

The m-chromosomes are the smallest members of the complement, while the 

X chromosome is the same size as the small-sized autosomes. 

At diakinesis (Fig.2), there are nine autosomal bivalents, two separate 

faintly stained m-chromosomes and an isopycnotic X-chromosome. At metaphase 

I (Fig.3), nine autosomal bivalents along with the X chromosome form a· typical 

_ ring like structure the centre of which is occupied by an m-pair. First division 

is equational for the sex chromosomes and reductional for the autosomes. 

As a result, metaphase Jr (Fig.4) contains nine autosomes, an m-chromosome · 

and an X chromosome. The autosomes are arranged in a typical ring like fashion, 

while the X chromosome lies just outside the ring. The centre of the ring is 

usually occupied by the m-chromosome which is not clearly visible in this plate. 

Mean chiasma frequency (Table 2) has been studied only in diakinesis 

and metaphase I stages. The Joss of chiasmata is found to be gradual between 

these two stages. Morphometric data are presented in the Table 3. The chromo

some formula of the species is 2M 
1 

+3M
2 

+55 
1 

+1 5
2 

• The X and the m-chromo 

somes belong to 5
1 

and 5 
2 

groups respectively. 

Comment 

To date, the chromqsmes of sixteen species of Hornoeocerus, including 

' the two species studied here, have been reported. Of these, twelve species 

viz., H. borealis, H. indus, H. lacertorsis, H. prorninulus, H. sp., H. signa tus, 

H. sirnidus,-H. sp. (Parshad 1957 c,d), H. dilatatus (Toshioka 1934b, ref. Ueshima 

1979; Takenouchi & Muramoto 1967), H. (Ornanocoris) variabilis (Dutt 1957), H. 

(Tagus) sigillatus and H. (Tagus) walkeri (present report) have diploid counts of 

21 (18+2m+X0) chromosomes, while 

20, X 
1 

X 
2 

O, and 18, X 
1 

X 
2 

0 

the variable counts of 19, XO;ZZ, X 
1 

X 
2

0 ; 

have been reported in H. unipunc ta tus, 



PLATE 2J 

Figs. 1-3. Mitotic and meiotic chromosomes of Acanthocoris sp. male X 1500. 

Fig, 1. 

Fig.z, 

Fig.3. 

Spermatogonial metaphase showing 2.4 chromosomes 

Metaphase I showing bilobed sex element. 

Metaphase II showing bipartitie sex element lying outside 

the autosomal ring. 
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(Toshio~a 1934b) H. -anguZatus, H. Zimbatipennis and H. serrifer (Sands 1982a) 

respectively. Moreover, m-chromosomes are absent in the last two species. 

The fusion and fragmentation of autosomes, loss of m-pair arid the fragmentation 

of X chromosomes in the basic coreid complement may be responsible for the 

variation of chromosome number in these species (Sands 1982a). Further, the 

· prevalence of 21 (18+2m+X0) chromosomes in the genus Homoeocerus strongly 

suggest in favour of considering this count as the modal number for the genus. 

Tribe Physomerini 

. 25. A can th?coris sp. 

(Plate 23, Fig.1-3) 

The spermatogonial metaphase (Fig.1) contains twenty four chromosomes. 

The karyotype (Plate 30, Fig.1) consists of twenty medium and four small-sized 

chromosomes. The sex chromosomes, X 
1 

and X 2 ,belong to small-sized group and 

they are almost eqyal in size to the small pair of autosomes. The m-chromosomes 

are absent in this species. 

At metaphase I (Fig.Z), eleven .autosomal bivalents are arranged in 

an isolated an equatorial 

·position away 

indicating the 

plane, while the fused sex chromosome 

from the equatorial plane and appears 

presence of both the X chromosomes. 

takes up 

as a bilobed body, thus 

At metaphase Ii (Fig.3), 

eleven autosomes are arranged in an irregular ring like fashion and the bilobed· 

sex element forms an accessory plate outside the ring. 

Mean chiasma fref!Uency (Table 2) was not calculated .at diplotene 

due to the paucity of divisional stages. The loss of chiasmata is found to be 

_negligible between diakinesis. and metaphase I stages. The morphometric data 

~re presented in the Table 3. The chromosome formula of this species is 5M 2 + 

65 
1

+15 2 • The sex chromosomes belong to s 2 group. 

Comment 

The diploid count of Acanthocoris sp. is 2n=24, X 1 X 2o. Compared with 

the modal count for Coreidae, the present species has an extra X chromosome, 



PLATE 24 

Figs.1-4. Mitotic and meiotic chromosomes of Notobitus excellens male. 

X 1500. 
' 

Fig.1. 

Fig.Z. 

' Fig.3. 

Fig.4. 

Spermatogonial metaphase showing 21 chromosomes. 

Diakinesis showing unpaired m-chromosomes and an X chromo-
' 

some. 

Metaphase I showing an X chromosome lying outside the 

typical ring of autosomal bivalents and an m-pair in the 

centre. 

Metaphase II showing an accessory plate formed by the X 

chromosome. 
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loss of m-chromosomes and an additional two pairs of autosomes. The same 

count has also been reported in two congeneric species, A. sordidus (Toshioka 

1935a; Yosida 1946, 1947b, 195Db, ref. Ueshima 1979) and A. scabrator (Mann a 

1951). However, Malaysian specimens of the second-named species has 2n=26, 

X 1 X 2 0 (Sands 1-982a). Therefore, it seems to be a case of autosomal poly

morphism which needs further attention. Moreover, lack cif m-chromosomes 

in all the species of Acantho_coris strongly suggest in favour of considering this 

feature for characterisation of this genus. Furthermore, 2n=24, X 1 X 2 0 appears 

·to be modal count for the gel)us. 

Tribe Cloresmini 

26 • . Notobitus excellens 

(Plate 24, Figs. 1-4) 

· ·The spermatogonial metaphase plates (Fig.1) show 21 chromosomes. 

Karyotype (Plate 30, Fig. 2) exhibits two large, ten medium and nine small-

sized chromosomes. The m-chromosomes are the smallest members of the . 

complement, while the single X chromosome is similar in size to the small

sized autosomes and is not easily distinguished from them. 

During meiosis, diakinesis (Fig.2) contains nine autosomal bivalents, 

unpairei:l m-chromosomes and an isopycnotic X chromosome. At metaphase 

I (Fig.3), m-pair invariably lies inside the autosomal ring, while the X chromo

some locates outside the ring. The X chromosome forms an accessory plate 

during second division metaphase {Fig.4) and lies outside the ring formed by 

the m-chromosome and autosomes. 

The analysis of mean chiasma frequency (Table 2) shows that the 

loss of chiasmata is gradual between diplotene, diakinesis and metaphase I. 

From the morphometric data (Table 3), the chromosome formula (Table 4) 

. of the species is determined as 1 L 2 +1M 1 '+2M 2 +65 1 + 15 2• The X and m-chromo

somes belong. to 5
1 

and 5 
2 

groups respectively. 



PLATE 25 

Figs. 1-3. Mitotic and meiotic chromosomes of Cletus sp. male. X 1500 • 

Fig.1. · 

Fig.2. 

Fig.J. 

. 
Spermatogonial metaphase showing 18 chromosomes. 

Diakinesis showing unpaired m-chromosomes and an hetero

pycnotic sex mass. 

Metaphase I showing bipartite sex element and an m-pair. 
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Comment 

Our cytological knoWledge on the genus, Notobitus is limited to three 

species, including the present one. All the species namely, N. affinus, N. sp. 

(Sands 1982a) and N. excel!ens(present report) have diploid count of 21(18+2m+ 

XO) chromosomes. Notwithstanding the similar diploid complement, morphome

tric data on these species reveal that chromosome no. 1 of N. excellens is 

markedly large and no comparable chromosomes are found in N. affinus and N. sp. 

(Sands 1982b), while chromosome no. 2 of the former species is comparable 

to chromosome no.1 of the other two species. Furthermore, diploid count of 

21 (18+2m+X0) chromosomes may be tentatively· suggested as characteristic 

number for Notobitus. 

Tribe Gonocerini 

27. Cletus sp. 

(Plate 25, Figs. 1-3) 

The spermatogonial metaphase plate (Fig.1) reveals 18 chromosomes. 

The karyotype (Plate 30, Fig.3) consists of four large, four medium and ten 

small-sized chromosomes. First two pairs of chromosomes are unusually_ large 

and nearly double the size of the first pair of medium-sized chromosomes. 

The m-chromosomes are the smallest members of the complement, while the 

X 
1 

and X 
2 

are similar in size to the small-sized autosomes. 

During meiosis, diakinesis (Fig.2) contains seven autosomal bivalents, 

two unpaired m-chromosomes and fused isopycnotic x
1 

X 2 chromosome. The 

first division metaphase plate (Fig.3) consists of a ring of seven autosomal 

bivalents with m-pair at the centre, and the X chromosome mass lies just outside 

the autosomal ring. 

this stage. 

The X chromosome mass shows bipartite appearance at 

The analysis of mean chiasma frequency (Table 2) shows that the 

loss of chiasmata is frequent between diplotene and diakinesis stages. Morpho

metric data are presented in the Table 3. The chromosome formula (Table 



PLATE 26 

Figs. 1-4. Mitotic and meiotic chromosomes of Hygia sp. X 1500. 

Fig.1. 

Fig.2. 

Fig.3. 

Fig:4. 

Spermatogonial metaphase showing 22 chromosomes. 

Diakinesis showing unpaired m-chromosomes and bilobed 

sex mass. 

Metaphase I showing the sex mass lying outside the autosomal 

ring. . ' 

Metaphase II showing an accessory plate formed by the X 1 
and X 2 chromosomes. 

I 
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4) of this species is 2L 1 +2M 2 +35 1 +25 
2
• The m-chromosomes and the 

X 1 X 2chromosomes belong to 5 Z group. 

Comment 

Six congeneric species of Cletus sp. viz., C. rusticus (Toshioka 1935a, 

ref. Ueshima 1979), C. punctiger ( as C. trigonus) (Toshioka 1935a; Sands 198Za), 

C. bipunctatus (M::mna 1951; Banerjee 1958), C pugnator (Dutt 1957), c. trigonus 

(as C. holmachus) (Toshioka 1~35a; Parshad 1957a; Sands 1982a) and C. punc,tula

fus (Parshad 1957c) show diploid counts of 18(14+2m+X1 X 
2
o) chromosomes in the 

male. The presently worked out species is no exception to this rule. However, 

there is disagreement between diploid counts of C. rusticus and C. punctiger. 

Takenouchi and Muramoto (1968) reported Zn=17, XO in the former species, 

while the same count was later reported in bath the species by Muramoto (1978). 

Furthermore, there is lass of m-pair in twa unindentified species of Cletus (Parshad 

1957c; Das 1958) where diploid count of 19(18+X0) chromosomes lhas been 

found. Keeping in view the cytological record of Cletus, 2n=18 (14+Zm+X 1 X 2 0) 

chromosomes may be reasonably considered as modal count for this genus. 

Tribe Colpurini 

28. Hygia sp. 

(Plate 26, Figs 1-4) 

The spermatogonial metaphase (Fig.1) exhibits 22 chromosomes. Karyo

type (Plate 30, Fig.4) contains ten medium and twelve small chromosomes. 

However, there is no sharp distinction between these two categories of chromo-

somes. The m-chromosomes are the smallest members of the complement, 

while the X 
1 

and X 
2 

belong to small-sized group of autosomes. 

During meiosis, the diakinesis (Fig.Z) consists of nine autosomal biva

lents, two unpaired m-chromosomes and· an isopycnotic bilobed sex mass. As· 



PLATE 27 

FigS.: 1-6. Mitotic and meiotic chromosomes of Dalader acuticosta male. 

X 1500. 

' Fig.1. Spermatogonial metaphase showing 21 chromosomes. 

Fig.2. Diakinesis showing unpaired m-chromosomes and an X chromo-

Fig.3. 

Fig.4 •. 

Fig.5 

Fig.6. 

some. 

Metaphase I showing an m-pair in the centre of the "ring. 

Anaphase I showing equal distribution of chromosomes. 

Metaphase II showing an · m-chromosome in the centre of 

the typical ring. 

Anaphase II showing unequal distribution of chromosomes. 
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metaphase I (Fig.3) is formed, nine autosomal bivalents lie on the periphery 

of the spindle but the m-pair occupies the centre of the spindle. The X chromo

some mass lies outside the autosomal ring •. At metaphase II (Fig.4), nine auto

somes ; and an m-chromosome are arranged in an equatorial plane, while the 

fused :X chromosome forms an accessory plate and has bipartite apperance. 

The mean chiasma frequency (Table 2) was not calculated at diplotene 

due the paucity of this stage, while the loss of chiasmata was infrequent between 

diakinesis and metaphase I. Morphometric data are presented in the Table 

3. The chromosome formula (Table 4) of the species is 1M
1 

+4M
2 

+55
1 

+15 
2

• The 

x1 , X 2 and m-chromosomes are belong to S 1 . and S 
2 

groups respectively. 

Comment 

The diploid count of 22 (18+2m+X 1 x2 0) chromosomes which has been 

reported in the present unidentified species of Hygia was reported earlier in 

yet another unidentified species of the same genus by Yosida (1950a ref. Ueshima · 

1979). While typical coreid count has been found in H. opaca (Muramoto 1978), 

there is loss of m-chromosomes and autosomes in H. touchi (2n=17, XO) (Manna & 

Deb-Mallick 1981 a). 

Hygia. 

The present data do not suggest any modal count for 

Tribe Brachytini 

29. Dalader acuticosta Amyot & Serville 

(Plate 27, Figs. 1-6) 

The spermatogonial metaphase (Fig.1) shows 21 chromosomes. Karyotype 

(Plate 30, Fig.5) comprises two large, fourteen medium and five small chromoso

mes. The m-chromosomes, are the smallest members of the complement, while 

the X chromosome is similar in size to the two small-sized autosomes. 

The study of meiosis reveals that the diakinesis (Fig.2) consists of 

nine autosomal bivalents, two unpaired m-chrornosomes and an X chromosome. 



PLATE 28 

Figs.1-5. Mitotic and meiotic chromosomes of Pe tillia pa tullicollis 

male. X 1500. 

Fig.1. 

' Fig.2. 

Fig.3: 

Fig.5. 

Spermatogonial metaphase showing 28 chromosomes. 

Diakinesis showing x 1 and X 
2 

chromosomes and paired m

chromosomes. 

Diakinesis showing fused sex chromosomes and unpaired 

m-chromosomes. 

Metaphase I showing equatorial arrangement of chromosomes. 

Metaphase II showing an accessory plate formed by the sex 

chromosomes. 



Q• . ~··•·t'' · .. ~-~· ,,. ,., .... 
·~a . ' , 

• . --~ 

) 

1 I 

.. 

3 

"i'i ..... 
v • • 0 

• • • 
• 

0 

• 

{l -· 
/ .. 
- ! 1 

; 

• • 
' . ' 

' . ;/ 
~~ "' 1 ' . • ! / 
! 
' ' 

2 I 
1 

4 



:· 

52 

As metaphase I. (Fig.3) is formed, nine autosomal bivalents and the X chromosome 
. . 

lie on the periphery of the spindle but the m-pair occupies the centre of the 

spindle. Anaphase I (Fig.4) contains eleven elements in each pole, indicating 

equational division for the X chromosome. At metaphase II (Fig.5), again the 

m-chromosome lies in the centre of the ring formed by the autos9mes and 

the X chromosome. Second division anaphase (Fig.6) is, however, reductional 

for the X chromosomes since two sister cells show eleven and ten elements 

respectively. 

The analysis of chiasma frequency (Table 2) shows that the loss of 

chiasmata is much pronounced between diplotene and diakinesis. The morpho

metric data are pr,esented in the Table 3. The chromosome formula· (Table 

4) is 2M 1. +3M 2 +45 1 +252 The m- and the X chromosomes belong to s2 

Comment 

As far as the present author is aware, Dalader acuticosta -is the only 

species of this genus studied cytologically. The diploid count of 21 (1 B+2m+XD), 

which has been observed in the present species, is in agreement with the modal 

count of Coreidae. Therefore, pending further extension of data on Dalader, the 

present count may be tentatively assumed as the. characteristic number for 

this genus. 

Tribe Petascelidini 

30. Pe tillia pa tullicollis Walker 

(Plate 28, Figs. 1-5) 

The spermatogonial metaphase (Fig.1) exhibits 28 chromosomes. Karyo

type (Plate 30, Fig.6) contains eighteen medium and ten small chromosomes. 

The m-chromosomes are the smallest members of the complement. 

and X 
2 

chromosomes belong to small-sized group of autosomes. 

The x
1 

The diakinesis (Fig.2) comprises twelve autosomal bivalents, paired 

m-chromosomes and two separate X 1 and X 2 chromosomes. The sex chromo

somes are isopycnotic. However, in some diakinesis plates (Fig.3), the m-chromo-
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Figs. 1-6. Karyotypes of six species of Coreidae. 

Fi6.1. 
I 

Karyotype of Ochrochira granulipes. 2n=2) (18+Zm+X0) 

Fig.2. Karyotype of Molypteryx hardwickii. 2n=Z1(1B+Zm+X0) 

Fig.3. Karyotype of M. hardwickii female. 2n=Z2(18+Zm+XX) 

Fig.4. Karyotype of Anoplocnemis phasiana. Zn=15 (14+X0) 

Fig.5. Karyotype of Homoeocerus (Tagus) sigillatus. Zn=21(18+Zm+X0) 

Fig.6. Karyotype of Homoeocerus (Tagus) walkeri. Zn=21(18+Zm+X0) 
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PLATE JO 

Figs. 1-6. Male karyotypes of six species of Coreidae. 

Fig.1. Kary~type of Acanthocoris sp. 2n=24(22+X 
1 

X 2 0) 

' 
Fig.2. Karyotype of Notobitus excellens. 2n=21 (18+2m+XO) 

Fig.}. Karyotype of Cletus sp. 2n=18(14+2m+X
1

X
2 

0) 

Fig.~. Karyotype of Hygia sp. 2n=22 (18+2m+X
1 

X
2

0) 

Fig.5. Karyotype of Dalader acuticosta 2n=21 (1 8+2m+XD) 

Fig.6. Karyotype of Petitlia patul!icol!is 2n=28(24t2m+X1 X 2 0) 
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Figs.1-6. Mitotic and meiotic chromosomes of Riptortus pedestris male. 

X 1500. 

Fig.1. 

Fig.2. 

Fig.J. 

Fig.4. 

Fig.5. 

Fig.6. 

Spermatogonial metaphase showing 13 chromosomes. 

Diakinesis showing unpaired m-chromosomes and an X chromo

some. 

Metaphase I showing a faintly stained m-pair in the centre 

of a typical ring and an X chromosome in the periphery. 

Metaphase II showing an X and an m-chromosome. 

Anaphase II showing unequal distribution of the chromosomes. 

Anaphase showing a laggard. 
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somes are unpaired . but the X 1 and X -2 chromosomes remain fused. As the 

metaphase I (Fig.4) is formed, all the chromosomes are arranged in an equatorial 

plane and the X 1 and X 2 remain separated. However, at metaphase II (Fig.5), 

the fused X 1 and X 2 forms an accessory plate outside the ring formed 

by autosomes and m-chromosome. 

The analysis of mean chiasma frequency (Table 2) shows that the 

loss of chiasmata is gradual between diplotene, diakinesis and metaphase I: 
Morphometric data are given in the Table 3. The chromosome formula (Table 

4) of the species is 4M 2 +55 1 +55 2 • The m- and the X chromosomes belong to 

5 2 group. 

Comment 

So far, two congeneric species, Petil!ia notatipes (Manna 1951) and P. 

calcar (Parshad 1957c) have been studied cytologically. Both of them show diploid 

count of 28(24+2m+X 1 X 2 0) chromosomes •. The presently worked out species, 

P: patullicollis, also exhibits the same count. Therefore, the present count may 

be tentatively assumed as characteristic number for Petillia. 

Family Alydidae 

Subfamily Alydinae 

31. Riptortus pedestris (Fabricius) 

(Plate 31, Figs. 1-6) 

The spermatogonial metaphase (Fig.1) shows 13 chromosomes. Karyotype 

(Plate 38, Fig.1) comprises six large, five medium and two small chromosomes. 

The m~chromosomes are the smallest members of the complement. 

chromosome belongs to medium-sized group of autosomes. 

The X 

The behaviour of chromosomes during meiosis is orthodox. The diakine

sis (Fig.2) contains five autosomal bivalents, two unpaired m-chromosomes 

and an isopycnotic X chromosome. As the metaphase I (Fig.3) is formed, five 



PLATE 32 
' Figs. 1-4. !Vlitotic and meiotic chromosomes of Leptocorisa acuta 

male. X 1500. 

Fig.1. Spermatogonial metaphase showing 17 chromosomes. 

Fig.Z. Diakinesis showing an X chromosome. 

Fig.J. Metaphase I showing an m-pair. 

Fig A. Metaphase II showing eight elements. 
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autosomal bivalents and the X chromosome lie on the periphery of the spindle, 

while the m-pair occupies the centre of the spindle. At metaphase II (Fig.4), 

again the m-chromosome lies in· the centre of the ring formed by five autosomes, 

whereas the X locates outside the ring. Second division anaphase (Fig.5) is 

reductional for the X chromosome since two sister cells show five and six ele

ments respectively. On rare occasion, anaphase plate shows lagging chromosome 

(Fig.6). 

The study of chiasma frequency reveals that the loss of chiasmata 

is frequent between diplotene and diakinesis. Morphometric data are presented 

in the Table 3. The chromosome formula (Table 4) of the species is 1L
1 

+ZL 
2 

+ 

1M 1 +2M 2 +1S 2 • The X and the m-chromosomes belon<.:l to M 2 and S 
2 

groups respectively. 

Comments 

The diploid count of 13(10+2m+X0) chromosomes found in Riptortus 

pedestris confirms the earlier counts on this species (Banerjee 1958; Manna & 

Deb-Mallick 1981 a; Sands 198Za). The same chromosome constitution has also 

been reported in R. clavatus (Yosida 1946, ref. Ueshima 1979), R. linearis (Parshad 

1957c; Sands 1982a) and in three unidentified species of this genus (Dasgupta 

1950; Banerjee 1958; Sands 1982a). Thus, the cytological data on Riptortus stron

gly suggest in favour of considering 2n=13(10+2m+X0) as the characteristic 

number for this genus. 

Subfamily Leptocorisinae 

Tribe Leptocorisini 

32. Leptocorisa acuta (Thunberg) 

(Plate 32, Figs. 1-4) ' 

The sperm·atogonial metaphase exhibits 17 chromosomes (Fig.1 ). The 

karyot'(l?e (Plate 38, Fig.Z) contains nine medium and six small chromosomes. 

As the m-chromosomes were very faintly stained, they were not incorporated 

in the karyotype. The X chromosome belongs to medium-sized group of auto-

somes. 
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The course of meiosis is orthodox in this species. The diakinesis (Fig.2) 

shows. seven autosomal bivalents, two unpaired m-chromosomes and an isopycnotic 

.X chromosome. As the metaphase I (Fig.3) is formed, all the chromosomes 

are arranged in an equatorial plane. The m-chromosomes are faintly stained. 

At metaphase II {Fig.4), there are seven autosomes and an X chromosome. 

The faintly stained m-chromosome is not clearly visible. 

The analysis of mean chiasma frequency (Table 2) shows that the 

loss of chiasmata is much pronounced between diplotene and diakinesis stages. 

Morphometric data are presented in the Table 3. The chromosome formula 

·(Table 4) of this species is 1L
2 

+3M 
1 

+2M
2 

+25
1 

+15 
2

• The m-chromosomes are 

the smallest members of the complement and are belong to 5 
2 

group, while 

the X chromosome belongs to the next higher category i.e., S 
1 

• 

Comment 

. To date, the chromosomes of four species of Leptocorisa· have been 

reported viz., L. acuta (Manna 1951; Sands 1982a; present study), L. varicornis 

,(Jande 1959b; Dutt 1957; Manna &-Deb-Mallick 1981a), L. aratoria and L. 

chinensis (Sands 1982a). All the species show diploid count of 17(14+2m+X0) 

chromosomes. However, m-chromosomes are found to be absent in the Japanese 

specimens of L. chinensis(Muramoto 1982). The present author has reinvestigated 

the chromosomes of L. acuta and has confirmed the findings of earlier workers 

on this species.· Furthermore, the present data suggest 2n=17, XO as the chara

cteristic number for Leptocorisa. 

Family Lygaeidae 

Subfamily Lygaeinae 

33. Spiloste thus hospes 

In this species, the chromosomes have been studied by G-banding tech

nique. The banded chromosomes have been described in detail in the second 

chapter of this thesis. However, an attempt has been made here to discuss 

the modal count of the genus Spilos te thus. The spermatogonial metaphase reveals 



PLATE 33 

Figs.1-4. Mitotic and meiotic chromosomes of Dieuches sp. male. X 1500. 

Fig.1. 

Fig.2. 

Fig.J. 

Fig.4., 

Spermatogonial metaphase showing 12 chromosomes. 

Late diakinesis showing X, Y and m-chromosomes. 

Metaphase I showing isopycnotic X and Y and negatively 

heteropycnotic m-pair. 

Metaphase II showing an XY pseudobivalent and a negatively 

heteropycnotic m-chromosome. 
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·14 ·chromosomes. There are six pairs of autosomes and an XV sex chromosome 

system. The G-banded karyotype is presented in the Fig.30 Plate 56. The 

study of mean Chiasma frequency (Tabie ·z) shows that the loss of chiasmata 

is gradual between diplotene; diakinesis· and metaphase I. Morphometric data

are presented in the Table 3. The chromosome formula (Table 4) of this 

species is ZL 2 +ZM 1 +ZM Z + 1 S 1 +1 S Z. The Y chromosome is the smallest 

member of the complement. The X and Y belong to S 1 and S z respectively. 

The diploid count of 14(1 Z+XY) was reported earlier in S. hopes (as 

Lygaeus) by Manna (1951) and Ueshima & Ashlock (1980). Our observation 

confirms their findings. The same count was also reported in about six conge

neric species viz., S. longulus (Parshad 1957a), S. pandurus (Manna 1951), S 

sa:x:tilis (Geitler 1939, ref. Ueshima & Ashlock 1980), S equestris (Muramoto 

1982), S. maci!entus and S. furculus (Ueshima & Ashlock 1980). Therefore, 

it is quite reasonable to assume Zn=14 (12+XY) as the modal count for Spi!oste- · 

thus. 

Subfamily Rhyparochrominae 

Tribe Rhyparochromini 

34. Dieuclles sp. 

(Plate 33, Figs. 1-4) 

The spermatogonial metaphase (Fig 1) shows 1 Z chromosomes. 

The !karyotype· (Plate 38, Fig.3) exhibits two large, seven medium and three 

small chromosomes. The m-chromosomes are the smallest members of the 

complement. The X chromosome belongs to medium-sized group of autosomes, 

while the Y chromosome belongs to small-sized group and is slightly larger 

than the m-chromosome. Thus, the X and Y form a heteromorphic pair. 

The course of meiosis is orthodox in this species. During late 

diakinesis (Fig.Z) and metaphase I (Fig.3), there are four autosomal bivalents, 

an m-pair and the X and Y univalents. The sex chromosomes are isopycnotic, 

while the m-pair is lightly stained. As the metaphase II (Fig.4) is formed, 

the X ·and Y form a pseudobivalent which lies along with four autosomes 



PLATE 34 

Figs. 1-4. Mitotic and meiotic chromosomes of Dysdercus cingulatus 

male. X 1500. 

Fig.1. Spermatogonial metaphase showing 16 chromosomes. 

Fig.Z. Diakinesis showing X 1 and X 2 chromosomes. 

Fig.3. Metaphase I showing X 1 and X 2 chromosomes. 
I 

: Fig.4. Metaphase II showing fused X1X z chromosomes. 
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and an m-chromosome in the equatorial plane. 

The study of mean chiasma frequency (Table 2) shows that the 

loss of chiasmata is gradual between diplotene, diakinesis and metaphase 

I. Morphometric data are presented in the Table 3 •. The chromosome formula 
~---::--------~ --·-

,(Tab!~ 4)~--;;-f th~ species_ is -21~' -+ l~k.+ 1~ + 3~ . The X, Y and the[ 

'm-chromosome.~ belong to·~ group.· 

Comment · 

The diploid count of 12 (1 O+XY) chromosomes has been reported 

in four unidentified species of Dieuches, including the present one. (Parshad 

1957a; Ueshima & Ashlock 1980; present study). However, a congeneric species, 

D. basiceps (Ueshima & Ashlock 1980) shows the diploid count of 14(10+2m+XY) 

chromosomes. As the former diploid count is most prevalent in Dieuches, it can 

be tentatively regarded as characteristic number for this genus. 

Family Pyrrhocoridae 

Subfamily Pyrrhocorinae 

Tribe Pyrrhocorini 

35. Dysdercus cingulatus (Fabricius) 

(Plate 34, Figs. 1-4) 

The spermatogonial metaphase reveals . 16 chromosomes (Fig.1 ). 

The karyotype, (Plate 38, Fig.4) contains two large, six medium· and eight 

small chromosomes. The X 
1 

and X 
2 

belong to small-sized group of auto

somes and are not easily distinguished from these autosomes. 

At diakinesis (Fig.2), there are seven autosomal bivalents and 

the X 
1 

and X 
2 

univalents. The sex chromosomes are isopycnotic. As the 

metaphase I (Fig.3) is formed, six autosomal bivalents lie on the periphery 

of the spindle, while an autosomal bivalent and the X 1 and X 2 chromosomes 

locate in the centre of the spindle. The x1 and X 2 chromosomes are negati

vely' heteropycnotic. At metaphase II (Fig.4), seven autosomes and the fused 
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PLATE 35 

Figs.1-5. Meiotic chromosomes of Dysdercus koenigii male. X 1500. 

Fig. 1. 

Fig.2. 

Fig.3. 

Fig.4. 

Fig.5. 

Diakinesis showing X 1 and X 2 chromosomes. 

Metaphase I showing X 1 and X 2 in the centre of a autosomal 

ring. 

Anaphase I showing fused sex chromosomes in each pole. 

Metaphase !I showing fused X's. 

Anaphase !I showing unequal distribution of the chromosomes. 
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X 1 X 2 chromosom\')S are arranged in a ring like fashion. The sex mass again 

become isopycnotic. 

The analysis of mean chiasma frequency (Table 2) shows that 

the loss of chiasmata is gradual between diplotene, diakinesis and metaphase 

I. Morphometric data are given in the Table 3. The chromosome formula 

(Table 4) of the species is 1L 
2 

+3M 1 +2M 
2

+15 
1 

+25 2 • The X 
1 

and X 
2 

belong 

to S 2 group. 

36. Dysdercus koenigii (Fabricius) 

(Plate 35, Figs. 1-5) 

Spermatogonial metaphase plates were not encountered in this 

species. During meiosis, diakinesis (Fig.1) contains seven autosomal bivalents 

and separate X 1 and X 2 chromosomes. The sex ch"romosomes are isopycnotic •. 

As the metaphase I (Fig.2) is formed, two sex chromosomes become negatively 

heteropycnotic and lie in the centre of the ring formed by the seven autosomal 

bivalents. During anaphase' I (Fig.3), the X 
1 

and X 
2 

divide e'quationally 

and become fused. Thus, each pole contains eight elements. At metaphase . . 
I! (Fig.4), the fused sex mass" again .become isopycnotic and lies in the periphery 

of the spindle along with the autosomes. Anaphase II (Fig.5), however, is 

reductional for the sex chromosome and the fused sex mass passed undivided 

to one pole. As a result, two sister cells show seven and eight elements 

respectively. 

The mean chiasma frequency was not calculated at diplotene 

due to the paucity of this stage. However, the loss of chiasmata is found 

to be negligible between diakinesis and metaphase I (Table 2). Morphometric 

data are presented in the Table 3. The chromosome formula (Table 4) of 

this species is 2L
2 

+2M 
1 

+2M 
2 

+ 15 
1 

+ 1 S 
2 

• The X 
1 

and X 
2 

chromosomes 

belong to 5 
2 

group. 



PLATE 36 

Figs.1-4. Mitotic and meiotic chromosomes of Rhinicoris sp. male X 1500. 

Fig.1. Spermatogonial metaphase showing 28 chromosomes. 

Fig.2. Metaphase I showing X 1 ,X 2 X 3 and Y chromo.somes. 

Fig.3. Metaphase II showing group of X' s and a Y. 
' 

Fig.4. Metaphase II showing group of X's and a Y. 

-, 
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Comment 

Our cytological knowledge on the genus Dysdercus is limited to eight 

species only viz., Dysdercus fasciatus, D. superstitiosus (Banerjee 1958), D. 

evanescens, D• koenigii (Manna & Deb-Mallick 1981 a), D. cingulatus (Sharma et. 

al. 1957), D. Mendesi (Mendes 1947, ref. Ueshima 1979), D. intermedius (f3.uth

man & Dahlberg 1976), and D. ruficolis (Piza 1947b, ref. Ueshima 1979) All the 

species show an uniform diploid count of 16 (14+X 1 X 2 D) chromosomes except 

the last-named species which has 13(12+XO) chromosomes. Furthermore, our ~ ~' 

observatibns on\ D. cingulatus and D. evanescens confirm the findings of earlier 

workers on these two species. The present cytological data suggest in favour 

of considering 16(14+X 1 X .p> as the characteristic number for Dysdercus. 

Family :nedUvlldae 

Subfamily_ Harpactorinae 

.37.f Rhinicpris sp. 

(Plate 36, Figs. 1-4) 

The spermatogonial metaphase shows 28 chrom!lsomes (Fig.1 ). 

The karyotype (Plate 38, Fig. 5), contains twelve pairs of medium and four 

small-sized chromosomes. The 'sex chromosomes, X 1 X z X 3 Y, belong to 

small-sized group. 

-- c ---- ---- ---- -=----:-----=---
During meiosis, metaphase I (Fig.2) shows twelveautosomiil. tlivalen-ts-'and , -

X 
1 

X 
2 

X 
3 

Y univalents. which are arranged in an equatorial plane. As the 

metaphase II (Figs. 3 & 4) is formed, twelve autosomes lie on the periphery 

of the spindle, while the group of X's and the Y locateL in the centre of 

the spindle. From the morphometric data the chromosome formula (Table 

4) of this species is determined as 1M 
1 

+2M 
2 

+8S 
1 

+5S
2 

• The sex chromoso

mes are the smallest members of the complement and they belong to S 
2 

group. 
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PLATE 37 

Figs.1-4. Mitotic and meiotic chromosomes of Rhinicoris fuscipes male. 

X 1500. 

Fig.1. Spermatogonial metaphase showing '28 chromosomes. 

Fig.Z. Diakinesis showing X 1 X 2 X 3 and Y chromosomes. 

Fig.3. Metaphase I showing X 1 X 
2 

X 
3 

and Y chromosomes. 

' Fig.4. Metaphase Il showing fused X's and Y. 
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PLATE 38 

Figs. 1-6. Male karyotypes of different species of Heteroptera. 

Fi~.1. Karyotype of Riptortus pedestris 2n=13 (1 0+2m+X0) 

Fig.Z. Karyotype of Leptocorisa acuta 2n=17(14+2m+X0) 

Fig.3. Karyotype of Dieuches sp. 2n=12(8+2m+XY) 

Fig.4. Karyotype of Dysdercus cingulatus . 2n=16(14+X
1 

x
2 

0) 

' Fig.5. Karyotype of Rhinicoris sp. 2n=28(24+X 1 X 2 X 3 Y) 

Fig~6. Karyotype of Rhinicoris fuscipes 2n=2B (24+X 1 X 2X 3 Y) 
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38. Rhinicoris fuscipes (Fabricius) 

(Plate 37, Figs. 1-4) 

60 

The spermatogonial metaphase (Fig.1) reveals 28 chromosomes. 

As in Rhinicoris sp., the karyotype (Plate 38, Fig.6) contains twelve pairs of 

medium-sized autosomes and four small-sized sex chromosomes, x
1 

X 
2 

X 
3 

Y. The course of meiosis is similar to that of R. sp. There are twelve autoso

mal bivalents and the X 1 X 2 X 3 and Y univalents at diakinesis (Fig.1 ), while 

. the autosomal bivalents and sex elements are arranged in an equatorial plane 

· at first metaphase (Fig.3). As the metaphase II (Fig.4) is formed, the sex 

elements form a negatively heteropycnotic mass and lie in the centre of 

. the autosomal ring. From the morphometric data (Table 3), the chromosome 

formula (Table 4) of the species is determined as 4M
2

+ 75
1 

+55 
2 

• 

Comment 

Both Rhinicoris sp •. and r: fuscipes have diploid count of 28 (24+X1 
X zX 3 Y ) chromosomes. However, ·Muramoto (1981) reported spermatogonial 

count of 26 in a congeneric sub species, R. leucosphilus sibiricus where sex 

chromosome system was not investigated. Thus, 2n=28, X 
1 

X 
2 

X 
3 

Y, which 

is most prevalent in the subfamily Harpactorinae (see Ueshima 1979), may 

be tentatively regarded as modal count for Rhinicoris. 

39. Cydnocoris croca tus 

(Pl~te 39, Figs. 1-3) 

0 
Stal 

In this species, spermatogonial metaphase stages were not available 

for chromosome study: During meiosis, diakinesis (Fig.1) contains twelve 

autosom1il bivalents and x
1 

, x
2 

an'd Y univalents. At metaphase II (Figs. 2&3), 

twelve:. autosomes lie on the periphery of the spindle, while the group of 

X's and the Y locate in the centre of the spindle. In all ·these stages, the 

sex chromosomes remain faintly stained. The morphometric data are presented 

in the Table 3. The chromosome formula (Table 4) of this species is 1M 1 
+1M 

2 
+95 

1 
+45 

2 
• The sex chromosomes belong to S 2 group. 



PLATE 39 

Figs. 1-3. Meiotic chromosomes of Cydnocoris crocatus male. X 1500. 

Fig.1. 

Fig.Z. 

Fig.3. 

Diakinesis showing X 1 X 2 and Y chromosomes. 

Metaphase II showing group of X's and the Y. 

Metaphase II showing group of X's and the Y. 
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PLATE 40 

Figs. 1-6. Mitotic· and meiotic chromosomes of Lohita grandis 

male. X 1500. 

Fig.1. Spermatogonial metaphase showing 15 chromosomes. 

Fig.2. Spermatogonial metaphase showing 19 chromosomes. 

Fig.3. Diakinesis showing the sex mass. 

Fig.4. Metaphase I showing three X's and an m-pair. 
' 

Fig.5. Metaphase I showing six X's. 

Fig.6. Metaphase II showing a conspicuously large X chromosome. 
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Comment 

So far, no congeneric species of Cydnocoris crocatus, which shows 

diploid count of 27 (24+X 1 X 2 Y) chrom·osomes, has been studied cytologically. 

The present data is therefore inadequate to comment on the modal count 

of Cydnocoris. 

Family Largidae 

Subfamily Europhthalminae 

Tribe Physopeltini 

40. Lohita grandis (Gray) 

(Plate 40, Figs. 1-6) 

The spermatogonial metaphase exhibits 15 chromosomes (Fig.1). 

However, spermatogonial J]letaphase plates having seventeen, eighteen or 

nineteen ·(Fig.2) chromosomes are also encountered occasionally. The karyotype 

(Plate ·46, Fig.1) prepared· from fifteen. chromosome plate contains thirteen 

medium and two small chromosom-es. The m-chromosomes are the smallest 

members of the complement, while the X chromosome belongs to medium-sized 

group of autosomes. 

The study of meiosis reveals that there is a variation of chromosome 

numbers during meiotic divisional stages. The diakinesis (Fig.3) contains six 

autosomal bivalents, two unpaired m-chromosomes and an heteropycnotic 

sex mass. During metaphase I (Figs. 3 & 4), there are six autosomal bivalents, 

an m-pair and variable number of X chromosomes. Their number varies from 

three (Figs.4) to six (Fig.5). However, metaphase I plates having more than 

six X's are also encountered. As the metaphase II (Fig.6) is formed, six auto

somes and an m-chromosome form a ring around the periphery of the spindle, 

while ~ single large X chromosome hivariably occupies the centre of the 

spindle.- The mean chiasma frequency (Table 2) was not calculated at diplo

tene due to the paucity of this stage, while the loss of chiasmata is negligible 

between diakinesis and metaphase I. The morphometric data are presented 



PLATE 41 

Figs. 1-4, 1 a-4a. The spermatogonial metaphase stages and karyotypes of 

Iphita limbata male. 

Fig.1. Spermatogonial metaphase showing 15 chromosomes. 

Fig.1 a. Karyotype of 15-chromosome plate. 

Fig.2. Spermatogonial metaphase showing 19 chromosomes. 

Fig.2a. Karyotype of 19-chromosome plate. 

Fig.3. Spermatogonial metaphase showing 20 chromosome. 

Fig.3a. Karyotype of 20-chromosome plate. 

Fig.4. Spermatogonial metaphase showing 23 chromosome·s. 

Fig.4a. Karyotype of 23-chromosome plate. 

·. 
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PLATE 42 

Figs.1-10. Meiotic chromosomes of Iphita limbata male. 

Fig.1. Early prophase showing positively heteropycnotic sex mass. 

'l,• 
Diakinesis showing separate X's and two m-chromosomes. 

. ·· Fig.3. Diakinesis showing a cluster of X's. 

L'.:i:: 
. • Fig.4. Metaphase I showing nine X's and an in-pair. 

'· 

Fig.5. Metaphase I showing six X's and an m-pair. 
r 

Fig.6. Metaphase I showing seven X's. 

Figs. 7&8. Anaphase I showing equal distribution of chromosomes. 

Fig.9. Metaphase II showing single X chromosome. 

Fig.1 0. Anaphase showing a laggard. 
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in the Table 3. Tile chromosome formula (Table 4) of the species is 1L 2 
+3M 

1 
+2M 2 +15 1 +15 2 The X and the m-chromosomes belong to S1 and 

52 groups respectively. 

Comment 

The diploid count of 15, XO was reported earlier in male individuals 

of L. grandis by Banerjee (1959) and Manna & Deb-Mallick (1984). However, the 

former author did not find in the diploid complement an m-pair which was 

encountered by the latter workers. Moreover, they also reported 2n=16, 

XX in the oogonial complement of the female individuals of the same species. 

Our observation on male individuals confirms that of Manna & Deb-Mallick 

(1984). Since the family Largidae is characterized by the presence of an 

m-pair (Ueshima 1979, Manna 1984), it is desirable to reexamine cytologically 

the population of L. grandis studied by Banerjee (1959) before making a definite 

claim of the absence of the m-pair in the said population. Regarding the 

intra individual variation of the X elements, which is the most interesting, 

phenomenon in L. grandis, Banerjee (1959) suggested that it was . due to the 

fragmentation of the X chromosome; while Manna & Deb-Mallick (1984) opined 

that the origin of extra '0 elements was due· to the chromatin elimination 

"rather than fragmentation. However, the earlier workers failed to explain 

reasonably the dissolution of all but the original X at first spermatocyte 

division. 

41. Ipllita limbata (Gray) 

(Plate 41, Figs. 1-4, 1a-4a) 

(Plate 42, ·Figs. 1-1 D) 

The spermatogonial metaphase plates show variable chromosome 

numbers, ranging from fifteen to twentythree (Plate 41, Figs. 1-4 & 1a-4a). 

The diploid chromosome number of the species is determined as 15(12+2m+X0) 

since ·majority of the plates have this count. Karyotypes were. constructed 

from ~ach of the spermatogonial metaphases containing fifteen (Figs. 1, 1 a), . 

nineteen (Figs. 2, 2a), twenty (Figs. 3, 3a), and twenty ·three (Figs. 4, 4a) 

chromosomes. Each .karyotype comprises six pairs of medium-sized autosomes 
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two small m-chromosomes and one to nine X elements. The X chromosome 

of the 15-chromosome karyotype and X 1 of the other karyotypes belong 

to the medium-sized group of autosomes, while the size of the other X elements 

is smaller than:· that of X 
1 

• It seems that the variation of the chromosome 

number in the spermatogonial complements was due to the variable number 

of X elements. 

During meiosis, the sex chromosomes usually form a heteropycnotic 

mass at early prophase (Plate 42, Fig.1), while they are isopycnotic and 

remain separated (Fig.2) or form a cluster (Fig.3) during diakinesis. The 

m-chromosomes are, however, remain unpaired and six autosomal bivalents 

are clearly visible. As the metaphase I (Fig.4) is formed, six autosomal biva

lents and an isopycnotic X chromosome lie on the periphery of the spindle, 

while the negatively heteropycnotic eight sex elements and an m-pair occupy 

the centre of the spindle. These sex elements are comparatively smaller than 

the peripheral X chromosome. In some first metaphase plates (Figs. 5&:6), 

autosomal bivalents and the sex elements are arranged in the periphery of 

the spindle, whereas the m-pair locates in the centre. However, at anaphase 

I (Figs. 7&:8), only one X chromosome probably the original one undergoes 

equational division, while the rest of the X's are eliminated. Thus, two sister .. · 

cells contain nine elements each. The m-chromosomes were, however, not 

visible clearly in this sta~e. At metaphase II (Fig.9), the conspicuously large 

X chromosome along with six autosomes are arranged in a ring like fashion 

the centre of which is occupied by an faintly stained m-chromosome. The 

single X chromosome is isopycnotic. The laggard is also found in some anaphase 

plates (Fig.10). The mean chiasma frequency (Table 2) was not calculated 

for diplotene due to inadequate number of plates. THe loss of chiasmata 

is found to be negligible between diakinesis and metaphase I. Morphometric 

data are presented in the Table 3. The chromosome formula (Table 4) of 

the species is 3M 
1 

+3M 
2 

+ 1 S 
1 

+1 S 
2 

The X and the m-chromosorpes belong 

to S 1 and s2 groups respectively. 

Comment 

The largid bug, Iphita limbata, seems· to be chromosomally polymor-



PLATE 43 

Figs. 1-6. Mitotic and meiotic chromosomes of Physope/ta gutta male. 

X 1500. 

i'\ Fig.1. 
•'f 

Fig.2. 

Fig.3. 

Fig.4. 

Fig.5. 

Fig.6. 

Spermatogonial ·metaphase showing 17 chromosome. 

Early prophase showing X 
1 

X 2 and Y chromosomes. 

Early prophase showing a chiasma like structure. and an X 
2 

chromosome 

Metaphase I showing X 1 X 2 and Y chromosomes and an m-pair. 

Metaphase II showing a sex pseudotrivalent. 

Anaphase II showing unequal distribution of the chromosomes. 

' 
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phic since different workers, including the present author, have found different 

diploid counts in the malE\ individuals of this species. Banerjee (1950) reported 

Zn=ZO ·chromosomes in the spermatogonial metaphase and six autosomal biva

lents, an m-pair and six X's in the first metaphase. Later, Rajasekharasetty 

(1963) observed Zn=Z3 chromosomes which comprised ZZ autosomes and a 

single conspicuously large X chromosome. ·There was rio m-chromosomes · 

in the complement. On the other hand, Manna and Deb-Mallick(19B1 b) reported 

Zn=Z3 (1Z+Zm+9XO) in the male and Zn=16 (1Z+Zm+XX) in the female. While 

reinvestigating the chromosomes of I. limbata, present author has found an intra 

individual variation of spermatogonial chromosome numbers due to the presence 

of variable number of X's. The basic count of this species is, however, found· 

to be 15(1 Z+Zm+XO) in the male. According to Manna & Deb-Mallick (1981 b), 

the extra X 's WE)re originated from the original X by gene amplification 

mechanism and were eliminated after anaphase II. The present study clearly 

shows that, as in L. grandis, the extra sex elements are eliminated in between 

metaphase I and anaphase I. As a result, metaphase II invariably contains 

eight' elements comprising six autosomes, an m-chromosome and an X chromo

some. However, further studies are required to explain reasonably the origin 

and elimination of extra X's. 

42. Physopelta gutta (Burmeister) 

(Plate 43, Fig.1-6) 

The· spermatogonial metaphas,e exhibits 17 chromosomes (Fig.1 ). 

The karyotype (Plate 46, Fig.Z) contains six pairs of medium-sized autosomes, 

an m-pair and the X 
1 

·X 
2 

Y sex chromosomes. The m-chromosomes are the 

smallest member of the complement while· the X 1. and Y are the largest and 

are of identical size. On the other hand, the X 2 is similar in size to the 

medium sized autosomes. 

The course of meiosis is orthodox. The x1 , X 2 and Y are positi

vely heteropycnotic in early prophase (Figs. 2&3) and become isopycnotic 

by diakinesis. Rarely, a chiasma like structure is formed between X and 

Y (Fig.3). At metaphase I (Fig.4), six autosomal bivalents, sex chromosomes 

and the m-pair a·re arranged in an equatorial plane. As the metaphase II 



PLATE 44 

Figs., 1-6. Mitotic. and meiotic chromosomes of Physopelta quadrigutta 

mal~. X 1500. 

Fig.1. 

Fig.Z. 

;,''Fig.3. 

Fig.4. 

Fig.5. 

Fig.6. 

Spermatogonial metaphase showing 17 chromosomes. 

Early prophase showing x1 X 2 and Y chromosomes. 

Diakinesis showing X 
1 
x

2 
and Y chromosomes, and an m-pair. 

Metaphase I showing three sex chromosomes, and an m-pair. 

Anaphase I showing unequal distribution of the chromosomes. 

Metaphase II showing sex pseudotrivalent. 

·. 
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(Fig.5) is formed, six autosomes lie on the periphery of the spindle, while 

the pseudotrivalent formed by the X 1 , X 2 and Y and an m-chromosome 

locate in the centre of the spindle. Second divisi~n anaphase (Fig.6) is redu

ctional for the sex chromosomes and two sister cells show eight and nine 

elements respectively. The study of mean chiasma frequency (Table Z) shows 

that the Joss cif chiasmata is frequent between diplotene and diakinesis. 

~orphometric data are presented in the Table J. The chromosome formula 

(Table 4) of the species is JM 1 +3M 
2 

+25 1 +25
2

• The X 
1 

and Y belo-ng to M 
1 

group, while the X 2 and m-chromosome belong to 5 
2 

group. 

43. Physope!ta quadrigutta (Bergroth) 

(Plate 44, Figs. 1-6) 

The spermatogonial metaphase (Fig.1) reveals 17 chromosomes. 

The karyotype (Plate 46, Fig.3) shows six pairs of autosomal bivalents, an 

m-pair. and three sex chromosomes, X 
1 

X 2 Y. The X 
1 

and Y are the largest 

members of the complement, while the X 2 belongs to medium-sized group 

of autosomes. The m-chromosomes are, however, the smallest members of 

the complement. 

The course of meiosis in this species is similar to that of P. gutta. 

During early propl;)ase stage, the sex chromosomes are positively heteropycnotic 

and remain separated, while the faintly stained autosomes are not clearly 

visible (Fig.Z). The diakinesis (Fig.3) contains six autosomal bivalents, paired 

m-chromosomes and three isopycnotic sex chromosomes. The smaller X 
2 

element remain attached to one of the largest sex chromosomes. As the 

metaphas~ I (Fig.4) is formed,. autosomal bivalents and the X 1 X 2 and Y uni

valents lie on the periphery of the spindle and m-pair occupies the centre 

of the spindle. Anaphase I (Fig.5) contains ten elements in each pole, indicating 

equational division of the sex chromosomes. The sex pseudotrivalent along 

with six autosomes are arranged in the equatorial . plane during metaphase 

II (Fig.6). The faintly stained m-chromosome was not visible ·in this stage. 

Morphometric data are presented in the Table 3. The chromosome formula 

(Table !I) of this species is 3M 
1 

+3M 
2
+25 

1 
+25 

2 
• The X 

1 
and Y belong to M 

1 
group, while the m-chromosome and the X 2 belong to S 2 group. 



PLATE 45 

Figs. 1-3. Mitotic and meiotic chromosomes of Physopelta schlanbuschi 

male. X 1500. 

Fig.1. Spermatogonial metaphase showing 17 chromosomes. 

Fig.2. Metaphase I showing x1 X 2 Y chromosomes and an m-pair. 

Fig.3. Metaphase II showing sex pseudotrivalent. 
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44. Physopelta schlanbuschi (Fabricius) 

(Plate 45, figs. 1-3) 

66 

. The spermatogonial metaphase (Fig.1) contains 17 chromosomes • 

. As in P. quadrigutta and P. gutta, the karyotype (Plate 46, Fig.4) of this 

species comprises six pairs of autosomes, an m-pair and the X 
1 

X 
2 

and Y. 

sex chromosomes. The m-chromosomes are the smallest components of the· 

complement, while the identical-sized X 1 and Y are the largest members. 

·The X 2 is found to be larger than the medium-sized autosomes. 

The meiotic sequence of this species is same as in P. gutta and P. 

quadrigutta, At metaphase I (Fig.2), six autosomal bivalents and three univa

lent sex chromosomes are arranged in the periphery of the spindle, while 

the m-pair locates in the centre of the spindle. At metaphase II (Fig.3), 

the. autosomes and an X 1 X 2 Y pseudotrivalent again orient on the periphery 

of the spindle, while the m-chromosome usually occupies the centre of the 

spindle. The faintly stained m-chromosome was not clearly visible in this 

stage. ; Morphometric data are presented in the Table 3. The chromosome 

formula' (Table 4) of this species is 3M 
1 

+4M
2 

+25
1 

+15 
2 

. The X 
1 

and 

Y belong to M 1 . group, while the X 2 and m-chromosome belong to 5 1 and 

5 
2 

respectively. 

Comment 

All the three species of Physopelta viz. P. gutta, P. quadrigutta and 

P. schlanbuschi have diploid count of 17(1 2+2m+X 1 X 2 Y) chromosomes. The 

present findings confirm the counts of earlier workers (Ray-Chaudhury & 

Manna 1955; Manna et a!. 1985; Dey & Wangdi 1985). All the species have 

marker X 
1 

and Y chromosomes except Japanese specimens of P. gutta which has 

comparatively smaller X 
1 

and Y chromosomes than its Indian counterpart 

(Manna et al. 1985). Furthermore, the 2n=15 (1 2+2m+X0) has been reported 

in a congeneric species, P. cincticollis (Ueshirna 1979; Manna et a!. 1985) from 

Japan. The species of Physopelta sttJdied from India show an uniform diploid 



PLATE 46 

Figs. 1-4. Male karyotypes of four species of Largidae. 

Fig.1. Karyotype of Lohita grandis. 2n = 15 (12 + 2m + XO). 
' 

Fig.2. Karyotype of Physopelta gutta. 2n = 17 (12+2m+X1 X 2 Y) 

Fig.3. Karyotype of Physopelta quadrigutta 2n=17 (12+2m+ x
1 

X 2 Y) 

Fig.4. Karyotype of Physopelta schlanbuschi. 2n=17 (12+2m+X 
1 

X 2 Y) 

/ 
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·counts and sex .chromosome system while those of Japan have 

of courits, 15 in the XO species and 17 in the X 1 X 2 Y species. 

it appears that the Japanese species Physopelta are chromosomally 

67 

·.two types 

Therefore,~··.·· 
-· " 

more vari-

able, showing intra- and interspecific sex chromosomal variation. Furthermore, 

since the family Largidae is . characterized by the absence of Y chromosome 

(Ueshima 1979; Manna 1984), it had been suggested that the X 
1 

X 2 Y sex 

chromosome systems in Physopelta were probably originated from XO system by 

X-autosome translocation (Manna et al. 1985). However, further studies on 

the same species of Physopelta occuring in the countries situated between India 

and Japan will p,rovide some better clue for ·understanding mechanism of 

chromosome evolution in Physopelta. Moreover, prevalence· of diploid count of 

17(1Z+Zm+X 1x 2Y) in the species of Physopelta suggests in favour of conside

ring this count as the characteristic number for this genus. 



Tal:il~\-.!l2. Chiasma frequency and terminalization coefficient of thirty-five species of 

· Heteroptera. 

No. of Di(:!lotene Diakinesis Meta(:!hase I 
Taxon nuclei Mean Xma. :J,:.errnvMean Xma. Term Mean Xma~ Term 

freq. co-eff. freq. co-eff. freq. co-eff. 

Family Pentatomidae 

Subfamily Pentatominae 

Tribe Pentatomini 

1. Carbula indica 10 11.2 0.33 6.40 0.84 6.07 1.01 

2. Plautia sp. 10 5.66 0.41 

3. Nezara icter!ca 10 12.2 0.20 6.80 0.82 5.86 0.93 

4. Nezara viridula 10 9.33 0.14 6.50 0.57 5.60 0.85 
--------

• ~JI Tolumnia latipes --- - ~----
~-- ---

10 10.8 0.20 6.66 0.77 6.00 0.88. 
. 

1. 

'6 Agonoscelis nubila 10 12.3 0.22 7.00 0.92 5.00 0.93" ~- ... : 
'···! 

7_. Dunnius _, _ c 10 7.50 0.40 7.00 0.72 

B. Placosternum taurus 10 9.60 -Tr. -Halyini\ 
0.22 5.80 0.82 5.40 0.88, 

9. Da/pada sp. (M) 10 11.00 0.47 6.40 0.81 6.20 0.90 

Da/pada sp. (D) 10 11.5 0.30 6.83 0.87 5.16 0.90 

S.F. Acanthosomatinae 

Tr. Acanthosomini 

10. Anaxandra sp. 10 5.44 0.77 5.00 0.84 

S.F. Dinidorinae 

Tr. Dinidorini · 

11. Coridius chinensis 10 8.28 0.12 6.50 0.67 5.42 0.96 

S.F. Tesseratominae 

Tr. Eumenotini 

12. Eumentotes sp. 10 12.71 0.35 7.00 0.57 5.40 0.81 

Tr. Eusthenini· 



No. of Diplotene Diakinesis MetaEhase I 
Taxon nuclei Mean Xma. Term Mean Xma Term Mean Xma. Term 

freq. co-eff. freq. co-eff. freq. co-eff. 

-13. Eurostus grossipes 10 5.33 0.84 3.46 0.53 

14. Eusthenes robustus 10 5.40 0.37 5.00 0.72 4.60 0.95 

S.F. Asopinae 

Tr. Asopini 

15. Picromerus sp. 10 8.50 0.37 5.86 0.94 

F. Coreidae ' '-

S.F. Coreinae 

Tr. Gonocerini 

16. Cle tus sp. 10 17.00 0.62 6.80 0.76 6.00 0.80 I 

Tr. Brachytini 

17. Dalader acuticosta 10 13.20 0.22 8.83 0.39 8.52 0.86 

Tr. Petascelidini 

18. Petillia patullicollis 10 13.3 0.15 12.5 0.3 2 1~.6 0.72 I 

Tr. Mictini 

19. Ochrochira granulipes 10 11.00 -0.12 9.33 0.42 8.60 
I 

0.72 i 
' 

20. Molypteryx hardwickii 10 14.00 0.15 10.16 0.37 10.00 ' 0.46; 

21. Anoplocnemis phasiana 10 7.20 0.38 6.20 0.87' 

Tr. Homoeocerini 

22. Homoeocerus (Tagus) 10 = = 
walkeri 

9.91 0.40 8.25 0.651 

23. Homoeocerus (Tagus) 
sigillatus 

10 9.90 0.12 9.10 0.46 8.20 
I 

0.6~ 

Tr. Cloresmini 

I 24. Notobitus e;x:cel!ens 10 8.92 0.09 8.71 0.19 8.21 0.58 
I 

Tr. Physomerini I 

25. Acanthocoris sp. 10 8.80 0.27 8.77 0.30 

Tr. Colpurini 

26. Hygia sp. 10 9.20 0.76 9.00 O.B2 



No. of Diplotene Diakinesis Metaehase I 
Taxon nuclei Mean Xma. Term Mean Xma Term Mean Xma. Term 

freq. co-eff. freq. co-eff. freq. co-eff. 

F.-Alydidae 

S.F. Alydinae 

27. Riptortus pedestris 10 9.75 0.17 5.83 0.34 4.86 0.95 

S.F. Leptocorisinae 

Tr. Leptocorisini 

28. Leptocorisa acuto 10 10.16 0.22 6.66 0.57 6.50 0.87 

F. Largidae 

S.F. Europhthalminae 

Tr. Physopeltini 

29. Lohi to grand is 10 5.91 0.40 6.00 0.77 

30. Iphito limbato 10 5.14 0.11 6.00 0.57 

31. Physopelto gutta 10 12.60 0.41 6.00 0.88 5.42 0.89 

F. Lygaeidae 

S.F. Rhyparochrominae 

T r. Rhyparochromini 

3 2. Dieuches sp. 10 6.00 0.36 4.80 0.66 3.60 0.16 

33. Spilostethus hospes 10 8.1 0.14 6.8 0.64 6.00 0.78 

F. Pyrrhocoridae 

S.F. Pyrrhocorinae 

Tr. Pyrrhocorini 

34. Dysdercus koenigii 10 5.33 0.12 5.11 0.90 

35. Dysdercus cingulatus 10 10.00 0.41 7.83 0.61 7.00 0.69 



Table J. Relative sizes (in percentage) of the haploid set of chromosomes in forty-two species of Heteroptera. 

Taxon 

Family Pentatomidae 

Subfamily Penta tominae 

Tribe Pentatomini 

1. Carbula Indica 

2. Plautia sp. 

3. Nezara icterica 

4. Nezara viridula 

5. Tolumnia latipes 

6. Agonoscelis nubil~a~~ 

7. Dunnius sp. 

8. Placostemum taurus 

Tr. Halyini 

9. Dalpada sp. (M) 

Dalpada sp. (D) 

Tr. Compastaria 

10. Compastes bhutanicus 

S.F. Dinidorinae 

Tr. Dinidorini 

11. Coridius chinensis 

S.F. Asopinae 

Tr. Asopini 

1 2. Picromerus sp. 

S.F. T esseratominae 
--------

Tr. Eumenotini 

______ 13. Eumenotes sp. 

Tr. Eusthenini 

-- ----~,--4~-------Eurostus grossipes 

15. Eusthenes robustus 

S.F. Acanthosomatinae 
------

Tr. Acanthosomini 

------~, o. Anaxandra sp. 

S.F. Scutellerinae 

Tr. Scutellerini 

17. Chrysocoris stollii 

2n 

14XY 

14XY 

14XY 

14XY 

14XY 

14XY 

16XY 

14XY 

14XY 

14XY 

1 

20.51 ± 

25.43 ± 

21.04 ± 

20.55 ± 

22.38 ± 

20.78 ± 
I 

20.73 ± 

19.46 ± 

19.87 ± 

19.07 ± 

2 

1.51 17.71 ± 

1.19 18.16 ± 

1.53 16.97 ± 

1.09 18.07 ± 

0.45 18.73 ± 

0.94 17.93 ± 

2.54 15.68 ± 

1.10 16.90 ± 

0.58 16.75 ± 

1.11 17.54 ± 

3 

1.44 15.13 ± 

0.66 15.75 ± 

1.54 14.28 ± 

1.08 14.84 ± 

0.68 14.72 ± 

0.88 15.96 ± 

1.03 13.62 ± 

0.75 15.08 ± 

0.76 15.45± 

1.28 15.30 ± 

Chromosomes 

4 5 

1.05 13.22 ± 0.85 12.21 ± 0.91 

0.38 12.73 ± 0.44 11.23 ± 0.56 

1.46 12.58 ± 1.47 11.36 ± 0.25 

1.07 12.74 ± 0.71 12.08 ± 0.73 

0.80 13.86 ± 0.65 11.31 ± 0.49 

0.88 .13.10 ± 0.88 11.72 ± 0.72 

1.40 1 2.59 ± 1.33 11.13 ± 0.44 

0.82 13.74 ± 0.78 12.53 ± 0.69 

' 0.71 14.28 ± 0.84 11.94 ± 0.54 

0.98 13.77 ± 1.02 12.98 ± 0.93 

14XY 19.44 ± T.7~15.T4 ± 1.19 _ 14.70 ± 1.31 13.44 t 1.21 11.84 ± 0.86 

14XY 22.11 ± - -o-;69~11.58 ± -- h--4J~~~B-1=±- --0.86 13.46 ± 0.89 10.89 ± 0.46 

14XY 21.91 ± 0.90 18.15 ± 0.75 16.21 t 0.97 12.78 ± 0.84 11.75 ± 0.78 

6 7 

9.97 ± 0.67 7.51 ± 0.70 

8.98 ± 0.52 5.61 ± 0.41 

9.60 ± 1.28 10.59 ± 0.79 

10.37 ± 0.83 7.89 ± 0.59 

8.88 ± 0.44 6.81 ± 0.3 2 

9.26 ± 0.60 7.48 ± 0.86 

9.85 ± 1.30 7.71 ± 1.04 

10.46 ± 0.73 7.78 ± 0.58 

9.74 ± 0.29 7.53 ± 0.27 

1 o.oo ± o. 79 8. 77 ± 0.99 

9.19- ± 0~99 --9.05 ± 0.89 

9./fi ± 0.44 - 6.77 ± 0.34 

8.90 ± 0.69 5.8 2 ± o. 29 

14XY 18.44 ± 0.77 16.64 ± 0.62 14.62 t 0.50 13.38 ± 0.45 11.69 t 0.49 10.34 ± 0.58 8.54 ± 0.68 
~~~ 

12XY 24.92± u·-u:42 19.:m-±----0.83 15.65± 0.64 14.13± 0.67 13.12± 0.60 -- 7.4zr-±-----o-J5 .>.>1 ± U.>.> 

12XY 26.96 ± 1.72 20.14 ± 0.89 12.75 t 0.83 14.15 ± 0.88 11.15 ± 0.94 7.12 ± 0.65 2.89 ± 0.50 

12XY 23.57 ± 1.3 ..----------203""4± --0.92 16.18 t 0.42 13.70 t 0.67 11.68 t 0.72 8.86 ± 0.5"8 5.64 ± 0-;-29 

12XY 23.01 ± 1.15 18.76 ± 1.17 17.00 t 0.9 6 14.43 ± 0.84 11.62 ± 0.85 8.98 ± 0.88 6.17 ± 0.90 

8 

3.69 ± 0.28 

3.93 ± 0.35 

3.53 ± 0.49 

3.42 ± 0.47 

3.28 ± 0.28 

3.74 ± 0.33 

6.16 ± 1.08 

4.01 ± 0.54 

4.02 ± 0.22 

2.53 ± 0.25 

6.55 ± 0.89 

3.73 ± 0.36 

4.45 ± 0.49 

4.9 4 ± 0.62 

9 

2.48 ± 0.26 



Taxon 
Chromosomes 

2n 
1 2 3 4 5 6 7 8 9 

Coreidae 

S.F. Coreinae 

Gonocerini 

18. Cletus sp. 18X 
1
x

2
o 26.61 ±1.34 21.80±2.43 11.11 ± 1.07 9.54t0.88 8.68±0.84 7 . 96±0 . 79 7.03±1.11 4.30±1.31 2.9 4±0.24 

Tr. Brachytini 

19. Dalader acuticosta 21XO 15.15±1.29 13.60±1.26 11.75±0.81 10.39±1.04 9.75±0.90 8.83±0.81 8.19±0.82 7.54±0.63 6.33±0.57 

Tr. Petascelidini 

20. Petillia patullicollis 28X 
1 
x

2 
0 12.64±0.83 11.61±0.83 9.93±0.56 9.48±0.53 8.77±0.62 8.38±0.49 7.87±0.36 7.03±0.29 5.87 ±0.-'5 

Tr. Mictini 

21. Ochrochira granulipes 21XO 15.41 ±3.47 13.11 ± 2. 29 11.26±1.81 10.51±1.97 9.35±1.66 8.50±1.45 8.05±1.47 7.15±1.15 6.30±0.77 

22. Molypteryx hardwickii 21XO 14.71 ±0.61 12.64±0.96 11.30t0. 75 10.40±0.85 9 .45±0. 75 8.61±0.62 8.05±0.49 7.55±0.58 6.93±0.66 

23. Anoplocnemis phasiana 15XO 25.48±2.76 21.68±2.70 11.57±1.15 10.37 t1.13 9.24±1.33 7.58±1.14 7.31 ±1 .36 6.71±1.18 

Tr. Homoeocerini 

24. Homeocerus (Tagus) walkeri 21XO 15.56±0.81 13.14±0.82 11.3 2t0.71 10.17 ±0.55 9.63±0.56 8.96±0.66 8.69±0.65 8.28±0.58 7.21 ±0.67 

25. Homeocerus (Tagus) sigillatus 21XO 16.38±1.15 12.72±0.94 11.82±0.63 10.98±0.37 1 o. 21 ±0.53 9.51 ±0.59 8.22±0.83 7.26±0.80 5.91 ±0<64 

Tr. Cloresmini 

Notobitus excellens 
I 

26. 21XO 19.66±1.07 13.38±1.14 10.42±0.87 10.08±0.96 8.57±1.53 8.14±0.76 7.81 ±0.8 2 7.11 ±0.76 6.54±0.63 

Tr. Physomerini 

27. Acanthocoris sp. 24X 
1 

X 0 12.64±1.42 
2 

10.99±1.46 10.38±1.45 9 .69±1 .39 9.17±1.23 8.39 ±1. 21 7.70±0.99 7.27±0.86 6.75±0.87 

Tr. Colpurini 

28. Hygia sp. 22X 
1 

X 
2 

0 15.06±1.3 2 1 2.68± 1. 27 11.28:t1.08 1 o. 24±0.91 9.45±1 .03 8.96±0.84 9.21±0.75 7. 25±0.63 6.1 5±0.86 

F. Alydidae 

29. Riptortus pedestris 13XO 23.44±2.18 19.05±1.66 17.41 ±1.63 15.51±1.36 11.7 2±1. 70 9.65±1.89 3.1 8±0. 70 

S.F. Leptocorisinae 

Tr. Leptocorisini 

30. Le{JtOGOPise- a-cuto. ~-7-XQ 1855-:t-0 •. 48. - 16.49±0.35 14.77±0.42 13.05±0.37 11.85±0.49 10_.6St_O._g0 8. 24±0.58 6.35±0. 53 2.1 OtO. 23 • ·, 
F. Largidae 

S.F. Europhthalminae 

Tr. Physopeltini 

_____11_._ --Lohita grandis 15XO 17.54±1.40 15. 42±1.45 14.59±1. 20 13.02±1.04 12.13 ±1 .05 11.03±1 . 23 5.34±0.68 3.42±0.49 2.33 ±0.25 --~~ --------- - --- ------- - - - -- ----~---

3 2. Jphita limbata 15XO 16.14±1.33 14.3 5±1 .50 13.57±1.45 12.96±1.46 11.84±1.34 9.77±1.59 6.03±1. 24 3.68±0.9 5 2.90±0.74 

33. Physope/ta gutta 17X1 X 2Y 14.02±1.23 12.56±1.50 10.9 2±0.99 10.03±0.84 7.91 ±0.93 6.68t-0.83 16.39 ±1.14 14.84±0.31 4.1 5±0.58 

34. Physopelta quadrigutta 17X 
1 

X 
2 

Y 13.94±1.47 12.75±-1.15 11.30±1.16 9.98±2.03 8.35±1 .35 7 .39±1 .1 5 16.67± 2.09 14._43.±.1 .. 02 __3~:l2±U.22_ 

35. Physope1ta Schlanbusr;hi 17X 1 X 2 Y 13.59±0.86 1 2. 25± 1.11 11 .01 ±1.32 10.04±1 .05 9.3 2±0.97 7.87±0.56 15.39±2.58 14.16±2.38 5. 25±1.34 

F. L ygaeidae 

S.F. Lygae inae 

36. Spilos te thus hospes 14XY 19.69±3.31 17.84±2.99 15.09 ± 2. 41 13.79 ± 2.30 12.34±1.54 10.54±1 .55 8.09±1.31 2.59±0.61 



Table 4. Chromosome formula of forty two species. of Heteroptera. 

Chromosome formula 

Taxon L1 L2 M1 M2 51 52 

Family Pentatomddae 

Subfamily Pentatominae 

Tribe Pentatomini 

1 • Carbula indica ._ 2 2 2 1 1 

2. Plautia sp. 1 1 1 2 2 1 

3. Nezara icterica 1 2 4 1 

4. Nezara viridula :. 2 1 3 1 1 

5. Tolumnia latipes 1 1 2 1 2 1 

6. Agonoscelis nubila 2 2 2 1 1 

7. Dunnius sp. 1 2 3 2 1 

B. Placostemum taurus 1 3 2 1 1 

Tr. Cffillastar i a 

9. Compastes bhutanicus 1 3 3 1 -
Tr. Halyini 

1 0. Dalpada sp.(M) 1 3 2 1 1 

Dalpada sp. (D) 2 2 2 1 1 

S.F. Dinidorinae 

Tr. Dinidorini 

11. Coridius chinensis 1 1 2 2 1 1 

S.F. Tesseratominae 

Tr. Eumenotini 

1 2. Eumenotes sp. 1 3 2 1 1 

Tr. Eusthenini 

13. Eurostus grossipes 1 1 3 2 

14. Eusthenes robustus 1 2 1 1 1 1 



Chromosome formula 
Taxon L1 L2 M1 Ma 1 s2 

S.F. Asopinae 

Tr. Asopini 

15. Picromerus sp. 1 1 1 2 2 1 

S.F. Acanthosomatinae 

Tr. · Acanthosomini 

16. Anaxandra sp. 1 1 1 2 2 

S.F. Scutellerinae 

Tr. Scutellerini 

17. Chrysoceris stollii 1 2 1 1 2 

F. Coreidae 

S.F. Coreinae 

Tr. Gonocerini 

18. Cletus sp. 2 2 ·3 2 

Tr. Brachytini 

19. Dalader acuticosta 2 3 4 2 

Tr. Petascelidini 

20. Petillia patullicollis 4 5 5 

Tr. Mictini 

21. Ochrochira granulipes 2 3 6 

22. Molypteryx hardwickii 1 4 5 1 

23. Anoplocnemis phasiana 2 3 3 

Tr. Homoeocerini 

24. Homoeocerus (Tagus) walkeri 2 3 5 1 

25. Homoeocerus (Tagus) 1 5 3 2 
sigillatus 

Tr. Cloresmini . 



Chromosome formula 

Taxon L1 Lz M1 Mz 51 52 

26. No tobi tus e:x:ce !lens 1 1 2 6 1 

Tr. Physomerini 

27. Acanthocoris sp. 5 6 1 

Tr. Colpurinl 

28. Hygia sp. 1 4 5 1 
~----

F. ~Alydidae· 

S.F. Alydinae 

29. Riptortus pedestris 1 2 1 2 1 

5.F. Leptocorisinae 

Tr. Leptocorisini 

30. Leptocorisa acuta 1 3 2 2 1 

F. Lygaeida~ 

5.F. Rhyparochrominae 

Tr. Rhyparochromini 

31. Dieuches sp. 2 X 1 1 3 

32. Spilostethus hospes 2 2 2 1 1 

F. 'Largidae 

5.F. Europhthalminae 

Tr. Physope!tini 

33. Lohita grandis 1 3 2 1 1 

34. Iphita limbata 3 3 1 1 

35. Physopelta gutta 3 3 2 2 

36. Physopelta quadrigutta 3 3 2 2 

37. Physopelta schlanbuschi 3 4 2 1 

F. Pyrrhdcoridael 
' 

5.F. Pyrrhocorinae 

T r. Pyrrhocorini 



Chromosome formula 
Taxon 

L1 L2 M1 Mz 51 52 

38. Dysdercus koenigii 2 2 2 1 2 

39. Dysdercus cingulatus 1 3 2 1 2 
-- ~-- -~ 

F.~ Reduviidae 

5.F .-Harpactorinae 

40. Rhinicoris fuscipes 4 7 5 

41. Rhinicoris sp. 1 2 8 5 

42. Cydnocoris croca tus 1 1 9 4 
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DISCUSSION 

. Chromosome number and chromosome evolution in seven families of Heteroptera 

The cytological findings in the suborder Heteroptera may be useful in 

the development of a phylogenetically significant supergeneric classification (Manna 

1951) which is still in a state of confusion due to disagreement among taxonomists 

·over the· statuses of different groups under the suborder. Some groups which are 

regarded as distinct families by some authors have been treated as subfamilies 

by others. However, at present, heteropteran cytologists are not in a position 

to develop a phylogenetically 1meaningful supergeneric classification based solely 

on cytological data or to solve ·the taxonomical disputes due to inadequate chromo

some data on different families, subfamilies and tribes. Inspite of these limitations 

some successful attempts have been made by different workers (Manna 195'6, 1962, 

1984; Banerjee 1958; Leston 1956, 1957; Muramoto 1977; Ueshima 1979) in solving 

taxonomical problems, cytological characterization of different groups and in estab

lishing interrelationship among them. Of the 37 cytologically worked out families 

·of Heteroptera (Ueshima 1979; Manna 1984), we will confine our discussion to 

seven families in which we had a chance to work. We have followed 1-lere the.~ 

classification of Heteroptera suggested by Drs. M.S. K.Ghauri and M.R. Wilson 

of C.A.B. International Institute of Entomology, London. 

Family Pentatomidae 

This family contains about 5000 species (Kirkaldy 1909) of which chromo

. some information is now available for about 138 genera ahd 305 species (see Ueshima 

' 1979 & Table 5). The spermatogonial chromosome number ranges from 6 to 27 

. with a peak at 14 (Plate 47, Histograms 1). Thus the family is characterized by 

·a diploid count of 14 with XY:XX sex chromosome system, absence of m-chromoso

mes and a characteristic disposition of the first and second metaphase chromosomes 

in which the autosomes are arranged in the form of a ring around · the periphery 

of the spindle and the sex chromosomes usually lie at the centre. The sex 'chromo

somes form a pseudobivalent · at se~ond metaphase (Manna 1956, 1962; Ueshima 

. 1979). 

The chromosome information on the subfamily Pentatominae is extensive 

· in comparison to other ·subfamilies of Pentatomidae. Chromosome data are now 
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available for about 100 genera and 240 species (see Ueshima 1979 & Table 5). 

Among them, 191 species show diploid count of 14(12+XY) (Plate 47, Histogram 

2) which can be regarded as modal number for Pentatominae (Ueshima 1979). 

T.he unifor~ set of 14(12+XY) chromosomes is also found in five tribes (Ueshima 
' . 

1979) viz., ;Halyini, Scicorini, Strachiini, Edessini, Discocephalini and in one species 

of the tribe Compastaria (present study). However, most diversified counts have 

been encountered in the tribe Pentatomini where five genera namely, Caystrus (Par

shad 1957b), Cosmopep!a (Montgomery 1901a ref. Ueshima 1979), Niphe (Parshad 

1957c), Palomena (Schachow 1932b; Geitler 1939b; Xavier 1945; Yosida 1946 ref. 

Ueshima 1979; Takenouchi & Muramoto 1970a; Parshad 1957b) and Spermatodes 

(Manna 1951) have 16 (14+XY), while Stagonomus (Xavier 1945 ref. Ueshima 1979) 

has 12(10+XY) chromosomes. Moreover, in the genus Euschistus (Foot & Strobell 

1912, 1914; Wilson 1905a, b, 1906; Montgomery 1910, 1911 ref. Ueshima 1979; 

Hughes-Schrader & Schrader 1956), different species show counts 12 and 14, while 

14 and 16 are found in Eusarcoris (Schachow 1932b; Toshioka 1937; Xavier 1945; 

Yosida 1946, ref. Ueshima 1979;· Takenouchi & Muramoto 1964, Parshad 1957b). 

Accurate metrical studies in these cases will perhaps reveal that 16 and 12 chromo

somes are derived from more common 14 chromosome type. On the other hand, 

in the genus Bariasa (Wilson 1905b, 1907, ref. Ueshima 1979; Schrader & Hughes

Schrader 1958; Thomas & Yonke 1981), two species have 14 (12+XY), four· have 

16(14+XY) and 15 have 26(24+XY) chromosomes. In Thyanta, except T. calceata 

which has diploid count of 27 (24+X 1 Xz Y) (Wilson 1911, ref. Ueshima 1979; Schra

der & Hughes-Schrader 1956), all other species of this genus have either 16(14+XY) 

or 14(12+XY) chromosomes (Wilson 1911; Schrader & Hughes-Schrader 1956; Ueshima 

1963a). Comparing to their 14-chromosome species, the 26-chromosome species 

of Banasa and 27-chromosome species of Thyanta have double number of autosomes. 

~heir DNA contents, however, do not vary much from that of 14-chromosome 

species (Schrader & Hughes-Schrader 1956, 1958). They advanced their theory 

of "chromatid autonomy" or longitudinal fragmentation of chromosomes to explain 

the higher chromosome numbers in Banasa & Thyanta. This idea has come under 

sharp criticism from white (1973, 1978) since current evidences support in favour 

of uninemic structure of chromatid. Therefore, it is necessary to review the organi

zation of karyotypes in these species •. According to Thomas & Yonke (1981), fusions, 

aneuploid non-disjunction and polyploidy are the primary mechanisms responsible 

for chromosomal repatterning· in Banasa and one of these processes has occurred 

more than once in the evolutionary history of the genus, while Ueshima (1.979) 

suggested that the fragmentation is the primary mechanism responsible for the 

.-
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origin of higher chromosome numbers in Banasa and Thyanta since there is little 

variation in DNA. contents between lower and higher chromosome numbered 

species of these genera. A clear evidence of fusion between sex chromosome 

and autosome was reported in Rhytidolornia senilis by Schrader (1940). It has a 

diploid count of 6(4+XY), while the congeneric species R. saucia (Schrader 1940) 

reveals the usual count of 14(12+XY). This is so far the only verified case of 

fusion occurring between the autosomes and sex chromosomes in Heteroptera 

(Ueshirpa 1979). 

Therefore, it seems that fragmentation and fusion of chromosomes 

in the basic set of 14(12+XY) are mainly responsible for variation of chromosome 

numbers in Pentatomini, and fourteen appears to be the ancestral number from 

which the higher and lower numbers are derived (Manna 1951, 1962; Ueshima 

1979). 

The subfamily Asopinae also shows some diversity in chromosome 

numbers. Twelve of the seventeen species have 14(12+XY), three have 16(14+XY) 

and two have 12(1 O+XY) chromosomes (Ueshima 1979; Table 5). Variations 

of chromosome numbers were reported in European and Japanese specimens 

of Picromerus bidens. European specimens have 14 chromosomes (Geitler 1939b; . 

Xavier 1945, ref. Ueshima 1979), while Japanese specimens show diploid count 

of 12 (Yosida 1946, ref. Ueshima 1979). These data suggest the occurrence 

of chromosome polymorphism in this species (Ueshima 1979). An interesting 

case of variation in chromosome number was also reported in the genus Oechalia 

by Heizer (1950, 1951 ). She observed diploid count of 14(12+XY) in both 0. pacifi

ca and 0. grisea, while the count of 12(10+XY) in 0. patruelis. However, indi

vidual specimens of 0. pacifica also showed counts of 17(14+X 
1 

X 2 Y) and 16(12+ 

. x 1 X 
2
x 

3 
Y) with no meiotic irregularities. To explain this situation, it was sugges

ted that variation of chromosome number in some specimens of 0. pacifica was 

due to the fragmentatin of sex chromosome and autosome in the 14 chromosome 

species, while the fusion of a pair of autosome in the species having same basic 

count led to origin of 2n=12, XY in 0. patruelis (Heizer 1950, 1951). 

In the light of the facts presented above, it appears that although 

different species of Asopinae show some variations in their chromosome number, 

the diploid count of 14(12-<·XY) may be regarded as modal number for the sub

family (Manna 1951; Ueshima 1979) (Histogram 2). 
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In the subfamily Podopinae, chromosome information is now available 

for ·four genera and eight species (Ueshirna 1979 & Table 5). Six of the seven 
. . 

species have the usual pentatornid count of 14(12+XY), while o single unidentified 

species of Scotinophara has diploid count of 12 (8+2m+XY) (Jande 196Da). This 

unidentified species needs reinvestigation, as no m-pair was reported in the 

congeneric species S. horvathi (14=12+XY) (Toshioka 1934a, ref. Ueshima 1979) 

and in other members of Pentatomidae. It seems that fusion mechanism has 

played an important role in the variation of chromosome number in this case 

(Jande 196Da). Moreover, the diploid count of 14(12+XY) may be regarded as 

modal count for Podopinae since majority of the species have this count (Histo

gram 2);(Manna 1956, 1962). 

In the subfamily Scutellerinae,' chromosome data of twenty three 

species belonging to twelve genera are available at present (Ueshima 1979 & 

Table 5). All the species have uniform set of 12 chromosomes which can there

fore be taken as the modal· number for Scutellerinae (Histogram 2). They have 

the same general plan of meiosis comparable with that of pentatomid bugs and 

have an XY:XX sex chromosome system (Manna 1956, 1962, 1984). From the · 

available metrical data, Manna (1984) has suggested that interchromosomal 

changes might have played a major role in the speciation process of the subfamily. 

The subfamily Tessaratominae is known cytologically from the study 

of five genera and eight spe'cies (Table 5). Of them, five species have diploid 

· count of 12(1 D+XY) chromosomes, while three species show the count of 14(12+XY). 

However, in the genus Piezostemum, congeneric species P. subulatun '(Schrader 

1947) and P. calidum (Nuamah 1982) have 12 and 14 chromosomes respectively. 

,The present data are, however, too scanty to speculate on the modal chromosome 

number for the subfamily (Histogram 2). 

The members of the subfamily Dinidorinae also show diverse chromo

some number and information is now available for only three genera and nine 

species (Ueshima 1979 & Table 5). The usual 14 (12+XY) chromosome complement 

has been found in all the five species of the genus Coridius (Manna 1951; Jande 

1959c; ['Juamah 1982; present study), while a single species of Dinidor (Schrader 

1947) and two species of Megymenum (Banerjee 1958; Toshioka 1935b, ref. Ueshima 

1979) show 21(18+X 
1 

X 
2 

Y) and 20(18+XY) chromosomes respectively. The present 

cytological data are, howe"er, inadequate to comment on the modal number 

for the subfamily (Histogram 2). 
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In the .subfamily Acanthosomatinae, chromosome data are known 

for .five genera and ten species (Ueshirna 1979 & Table 5). Of them, nine species 

. have diploid count of 1 2(1 O+XY), while a lone species of Elasmucha (Parshad 1957c) 

has 16(14+XY) chromosomes though its congeneric species have usual 1 Z chromo

some karyotype. Thus the diploid number of 1 Z may be regarded as modal count 

for the subfamily (Ueshirna 1979; Manna 1984) (Histogram Z). 

The role of structural changes during the· evolution of Pentatomidae 

The holocentric nature of heteropteran chromosomes (Hughes-Schrader 

& Schra'der 1961) and inadequate banding studies greatly hamper the karyotypic 

analysis· since we are unable to detect (directly) the inversions, translocations 

. and deletions that are likely to have played important roles in the speciational 

history of these insects, as they have in other organisms with localized centro-

mere. However, indication in this regard can be obtained by comparing the 

relative size of the chromosomes of the species having uniform chromosome 

set (Manna 1951; Thomas & Yonke 1981 ). The idiograms of the pentatomid 

species (Figs.1-17) are presented in the Plate 49. 

Comparison of data on the relative sizes of the corresponding chromo

somes in order of magnitude in twelve species of Pentatomidae (Table 3, !diagrams 

1-6, 8, 9, 11-13, 16), which have uniform haploid complement of eight, shows 

that the variation from one species to another is quite considerable. To take 

an example, the relative size of the 1st chromosome in. Plautia sp. (Idiogram Z) is 

25.43%, while that of Eumenotes sp. (Idiogram 13) is 18.44%, i.e., a difference of 

more than seven percent. The Znd chromosome also varies in some cases, while 

3rd, 4th, 5th and 6th chromosomes are relatively more uniform in different 

species. On the other hand, the variations in the sizes in the seventh and eighth 

which are the X and Y chromosomes respectively are considerably high in some 

cases. Moreover, comparison of the relative sizes of the chromosomes in the 

congeneric species will help us in getting an idea about the degree of structural 

alterations undergone in them. Thus in Nezara icterica and in N. viridula, the 

·. corresponding chromosomes have more or less uniform relative .sizes except 

X chromosome (seventh) which is markedly large in the former species (!diagrams 

3,4). 
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From the foregoing discussion, it is clear that fragmentation and 

fusion mechanisms (Heizer 1950; Hughes-Schrader & Schrader 1961; Schrader 

194Da; Ueshima 1979) have played major roles in the karyotypic reorganization 

of Pentatomidae. Moreover, our metrical data on pentatomid species corroborate 

the suggestion made by Manna (1951) that interchromosor!lal structural changes 

have taken a large part in the speciation process of this group. Thomas & Yonke 

(1981) have also suggested that interchromosomal rearrangement like Robert

son ian translocation has played an important role in the chromosome evolution 

of Pentatominae genus Banasa. While commenting on the karyotypic evolution in 

the organisms having holocentric chromosomes, White (1978) also pointed out 

that translocation had probably played a great role in the speciation process 

of these: organisms. 
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Table 5. Chromosome comple"ments of pentatomid species reported after Ueshima's 

review (1979). 

Taxon Diploid complement Reference 

Pentatominae 

1. Plautia sp. 14(1 2+XY) Present report 

2. Plautia brunnipennis 15(1 2+XY) Muramoto 1979 

3. Morna sp. 14(1 2+XY) II II 

4. Banasa dirnidiata race A 14(1 2+XY) Thomas & Yonke 1981 

5 •. B. rolstoni 16(14+XY) II II II 

. 6. B. subcamea 26(24+XY) II II II 

7. B. sordida 26(24+XY) II II II 

8. B. alboapicta 26(24+XY) II II II 

9. B. s talii 26(24+XY) II II II 

1 o. B. excavata 26(24+XY) II II II 

11 •. B. packardi 26(24+XY) II II II 

12. B. derivata 26(24+XY) II II II 

13. B. angulobata 26(24+XY) II II II 

14 B. irata 26(24+XY) II II II 

15. Nezara viridula var smaragduZa 14(1 2+XY) Nuamah 1982 

16. N. viriduZa var torquata 14(1 2+XY) Nuamah 1982 

17. N. icterica 14(1 2+XY) Manna & Deb-Mallick 1981 a 

18. Carbula capi to 14(1 2+XY) Nuamah 1982 

19. c. carbula 14(1 2+XY) Nuamah1982·-

20. c. marginella 14(1 2+XY) II II 

21. c. melacantha 14(1 2+XY) II II 

22. c . sp. nr. sjostedti 14(12+XY) II II 

23. c. indica 14(1 2+XY) Present report 

24. Dalpada juga tori a 14(12+XY) Mittal & Joseph 1986 
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Taxon Diploid complement Reference 

25. D. sp. 14(12+XY) Present report 

26. Sabaeus humeralis 14(11 2+XY) Manna & Deb-Mallick 
1981a 

27. Begrada cruciferarum 14(1 Z+XY) II II 

28. Eusarcoris fallax 14(12+XY) Muramoto 1982 

29. Acrostemum heegeri 14(1 2+XY) Nuamah 1982 

30. Aeliomorpha sp.griseof!ava 14(1 2+XY) II II 

31. A ep tus singularis 14(1 2+XY) II II 

32. Ae themenes chloris 14(1 2+XY) II II 

33. Afrius purpureus 14(1 2+XY) II II 

34. Aspavia has ta tor 14(1 2+XY) II II 

35. A. armigera 14(1 2+XY) II II 

36. A. acuminata 14(1 2+XY) II II 

37. · Atelocera serrata 14(1 2+XY) II II 

38. Antestia sp. 14(1 2+XY) II II 

39. Antestiopsis sp. 14(1 2+XY) II II 

40. Antestia sp. ? immunda 14(12+XY) II " 
41. Ba thycoelia thalassina 14(12+XY) II " 
42. B. rodhaini 14(1 Z+XY) II " 
43. Benia sp. 14(1 Z+XY) II II 

44. Caura pugillator 14(1 Z+XY) II " 
45. Amaxosana punctata 14(1 Z+XY) II II 

46. Diploxys bipunctata 14(1 Z+XY) II II 

47. Durmia haedula 14(1 Z+XY) II " 
48. D. lutulenta 14(1 2+XY) II " 
49. D. sp. 14(1 2+XY) II " 
50. Dymantis grisea 14(1 2+XY) II II 

51. Famya versicolor 14(1 2+XY) II " 
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Taxon Diploid complement Reference 

52. Ha!yomorpha annulicomis 14(1 2+XY) Nuamah 1982 

" 53. H. reflexa 14(1 2+XY) " " 

54. Lerida punctata 14(12+XY) " II 

55. Dinorhynchus dybowslcyi 14(1 2+XY) " " 
56. Macrina juvenca 14(1 2+XY) " " 
57. Macrorhaphis acuta 14(12+XY) " " 

58. Piezodurus hybneri 14(12+XY) " " 

.59. Sepontia misella 14(1 2+XY) ;, " 
60. Tyoma verrucosa 14(12+XY) " " 
61. Vetema sanquineirostris 14(1 2+XY) " " 
6 2. Agonoscelis nubila 14(12+XY) Present report 

63. Cahara jugo to ria 14(1 2+XY) ;, 
" 

64. Dunnius sp. 14(1 2+XY) " " 
' "'-(A, 

65. Compastes bhutanicus 14(1 2+XY) ·~. " " 

66. Placosternum taurus 14(1 2+XY) " " 
67. Tolumnia latipes 14(1 2+XY) " " 

.. Acanthosomatinae 

68. Anaxandra ap. 12(10+XY) " " 

Podopinae 

69. Sea tinophara fibula ta 14(1 2+XY) Nuamah 1982 

70. S. sp. 12(B+2m+XY)** Jande 1960 

Asopinae 

71. Picromerus sp. 14(1 2+XY) Present report 

Dinidorinae 

72. Coridius cuprifer 14(1 2+XY) Nuamah 1982 



Taxon 

73. ~· chinensis 

7 4. C. nepalensis 

Scutellerinae 

75. Callidea duodecimpunctata 

7 6. H o tea ·subfascia ta 

77. Sphaerocoris tes tudogrisea 

78. Steganocerus multtpunctata 

79. Chryso'coris grand is var. baro 

Tessaratominae 

80. Eusthenes saevus 

81. Tessaratoma javanica 

' 8 2. Eusthenes robustus 

83. Eurostus grossipes 

84. Eumenotes sp. 

85, E. obscura 

86. Piezostemum subulatun 

· 87. P. ·calidum 

* From Ueshima (1979) 

Diploid complement 

5A+XY 

14 s 

12(1 D+XY) 

12(1 D+XY) 

12(1 D+XY) 

12(1 D+XY) 

12(1 D+XY) 

12(1 D+XY) 

12(1 D+XY) 

12(1 D+XY) 

12(1 D+XY) 

14(1 2+XY) 

14(12+XY) 

12(1 D+XY) 

14(12+XY) 

** Not incorporated ·in Ueshima (1979) 

Reference 

Present report 

" " 

Nuamah 1982 

" " 

" " 

" " 
Manna & Deb-Mallick 19Bla 

Parshad 19 57c* 

Parshad 19 57b** 

Present report 

Present report 

" " 
Manna 1951 

Schrader 1947, ref. Nuamah 
1982 

Nuamah 1982 
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Family Coreidae 

This family is characterized by the possession of a pair of m-chromo

some and an XO sex chromosome system which in some cases is replaced by 

an X 1 X 2 0 system (Manna 1962; Ueshima 1979). The chromosome data are 

now available for about 45 genera and 98 species. (see Ueshima 1979 & Table 

6). The spermatogonial chromosome number ranges hom 13 to 28, with peak 

at 21 (Plate 47, Histogram 3). 

The subfamily Meropachydinae is known by a single species, Corynoco

ris distinctus (Wilson 1909a, c, ref. Ueshima 1979) which has diploid number of 25 

(XO) chromosomes (Histogram 4). The m-chromosomes were not reported in 

this species. 

In the subfamily Pseudophloeinae only four species are known cytolo

gically (Ueshima 1979 & Table 6). Three species have diploid count of 13(10+2m+ 

XO), while a single species shows 22(18+2m+X 1 X 2 D)-chromosomes (Histogram 

4). Intrageneric variation of .chromosome number has been found in the genus, 

Coriomeris. C. scabricornis has diploid count of 13(10+2m+X0) (Takenouchi & 

Muramoto 1964), whereas C. denticulatus shows 22 (18+2m+X 
1 

X 
2 

0) chromosomes~ 

Comparison of the metrical data in this case may- reveals the role of fragmenta

tion-fusion in the variation of the chromosome number. 

The subfamily Coreinae is better known cytologically than other 

subfamilies of Coreidae. Of the 98 species studied, 93 species belong tb Coreinae 

(Ueshima 1979, Table 6). The spermatogonial chromosome number ranges from 
I 

13 to, 28, with peak at 21 (Histogram 4). Thus 2n=Z1, :>(0, including a pair of 

m-chromosomes c'an be regarded as modal number for Coreinae. In this subfamily, 

13 tribes are represented cytologically. Ueshima (1979) recorded the chromosomes 

of the species belonging to 11 tribes, while those of the species belonging to 

Cloresmini (Sands ·1982a & present study) and Brachytini (present study) were 

repprted later (Table 6). In the tribe chariesterini, t.~o species of the genus 

Chareiesterus (Piza 1957b; Montgomery 1901 a, 1906; Wilson 1909a, ref. Ueshima 
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1979)' have 25 (22+2m+XD) chromosomes, while the count of 21 (18+2m+XD) has 

been found in Che!inidea vittiger (Wilson 1907d; Morrill 1910; Bowen 1922a, ref. 

Ueshima 1979) and Phthia picta (Piza 1945; ref. Ueshima 1979) of the tribes 

O,elinideini and Leptoscelidini respectively. In the tribe Colpurini four species 

of the genus Hygia are known cytologic~lly. Of these, H. o_paca has 21 (18+ 4n+ 

X 
1 

X 
2 

D) (Muramoto 1973), while two unidentified species of the same genus 

have 22(18+ 2m+X 1 X 2 D) chromosomes (Yosida 19 5Da, ref. Ueshima 1979, present 

study). However, an uncommon count of 17 (16+XD) was reported in H. touchi by 

Manna II: Deb-Mallick (1981 a), indicating intrageneric variation of autosomes, 

sex chromosome and the loss of m-chromosomes in the latter species. The 

metrical data which are lacking here may help us in getting an idea about the 

role of fragmentation -fusion in these species. In the ~ribe Homoeocerini, 17 

species are known cytologically (see Ueshima 1979 II: Table 6). Among them, 

12 species of Homoeocerus (Toshioka 1934b, Ref. Ueshima l979;Parshad 1957c, d; 

Takenouchi & Ml)ramoto 1967; Manna & Deb-Mallick 1981a; present study) and 

one species of Anacarithocoris (Toshi9ka 1934a, ref. Ueshima 1979) have diploid 

count df 21 (18+2m+XD), while H. serrifer, H. unipunctatus_, H. limbatipennis, 
I 

and H. angulatus have 18(16+X 1 X 2 D),. 19(16+ 2m+XD), 20(18+X 1 X 
2 

O), and 

22(18+2m+X 1 X 2 o) chromosomes respectively (Toshioka 1934b; Sands 1982 a,b). 

Comparison of the metrical data suggests that there were loss of m-chromosomes 

and pair of autosomes in H. serrifer and of m-pair only in H. limbatipennis (Sands 

198 2b). The tribe Mictini is represented by the species having diploid counts 

range from 15 to 26, with peak at 21(18+2m+XD) which can be regarded as 

modal number for this tribe. Except Anoplocnemis phasiana (Sands 198 2a & Pre

sent study), all other species have a pair m-chromosomes. The 15-chromosome 

karyotype of A. phasiana contains two conspicuously large autosomes which are 

evident from the comparison of the metrical data of this species with those 

of the 21 chromosome species (see Table 3). Fusion of two pairs of autosomes 

and loss of m-pair in the basic coreid karyotype could have given rise to the 

karyotype of A. phasiana, as suggested earlier by Sands (1982b). In the tribe 

Gonocerini, two species of Gonocerus (Schachow 193 2b; Xavier 1945, ref. Ueshima 

·,1979) and one species of Cletomporpha (Manna 1951) have 19 (16+2m+XD) and 22 

(1.8+~+X 1 X 2 D) chromosomes respectively. While two unidentified species 
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of Cletus lack m-pair (Parshad 1957c; Das 1958), all other species of the same 

genus, however, have uniform 18(14+2m+X 1 x2 0) chromosome karyotypes. Metrical 

and karyotypic studies show that C!etus, species have two pairs of very large auto

somes. Fusion of two pairs of autosomes and fragmentation of X chromosomes 

in the basic coreid complement may led to the origin . of 2n=18, X 1 X 2 0 karyo

type of C!etus (Sands 1982b). In the Physomerini, Acanthocoris sp. (present study) 

and two congeneric species, A. scabrator (Manna 1951) and A. sordidus (Yosida 

1946, ref, Ueshima 1979) have 24(22+X 
1 

X 
2 

0) chromosomes, while Malayasian 

specimens of A. scabrator have 26(24+X 
1 

X 
2 

0) (Sands 1982b) chromosomes: 

Metrical data indicate that fragmentation of autosome in ·24 chromosome species 

may have led to the origin of the karyotype in the latter species. In Acanthoce

pahalint, three species of Acanthocephala (Wilson 1907b, 1909c; Montgomery 1901 a, 

1901b tef. Ueshima 1979) have variable number of diploid counts due to the 

presence of superriumE)rary Ys. On the otherhand, Diactor has modal constitution 

of 21(18+Zm+X0) · c~romosomes (Piza 1945 ref. Ueshima 1979). In the tribe 

Anisocelidini, of the seven species studied, four species of the genus Leptog!ossa 

(Piza 1945; Wilson 1907c, 1909a; Piza 194Gc, ref. Ueshima 1979) and one uniden

tified species of Namia (Wilson 1907c, ref. Ueshima 1979) have typical coreid 

complement of Z1(18+2m+X0) chro·mosomes, while each of the two species, 

Anisocelis faliacea and Ho!ymenia clavigera, has 27(24+2m+X0) · chromosomes 

(Piza 1945; 1956, ref. Ueshima 1979). Thus, 2n=21, XQ can be regarded as 

the basic number from which higher number has probably been· derived by fragmen

tation process. The tribe C oreini is represented cytologically by 13 species 

(See Ueshima 1979). The diploid chromosome number ranges from 17 (14+2m+XO) 

to 25(22+2m+X0) with the commonest at Z1(18+2m+X0) which may be regarded 

as modal number for the tribe. However, an interesting case of autosome and 

sex chromosome polymorphisms have been found in the specimens of Cereus margi

natus where diploid counts of 22(18+2m+X 1 X 2 0) and 23 (18+2m+X 1 X 
2 

0) 

chromosomes were reported (Gross 1904a, 1912; Wilson 1909a; Xavier 1945 , 

Yosida 1946 ref. Ueshima 1979). Only one species of the tribe Brachytini has 

'been studied so far. Da!ader acuticosta shows typical coreid complement of 21(18+ 

2m+X0) chromosomes (present study), Or the otherhand, all the three species 

of Petil!a (Parshad 1957c, Manna 1951, present study) of Petascelidini have 
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28(24+2m+X 
1 

X 
2 

0) chromosomes:. Metrical data on P. patu!licollis show that 

relative' sizes of the chromosomes of this species are comparatively smaller 

than those of corresponding chromosomes in the basic 21-chromosome species 

of Coreidae (Table 3). Thus, the fragmentation of autosomes and sex chromosomes 

in the basic coreid karyotype may have led to the origin of 2n= 28, X 1 X 2 0 

of Petillia. All the three species of Cloresmini (Table 6) have, however, typical 

coreid counts of 21(18+2m+X0) chromosomes. 

!diagrams (Figs. 18- 25) of coreid species are presented in the Plate 

49. The role of structural changes during the evolution of Coreidae is evident 

when the data on the relative percentages of the corresponding chromosomes 

in order of magnitude in the six species of Coreidae which have haploid campie-
r 

ment o,f 11(Table 3; !diagrams 19, 21, 221 24-26) are compared. It is found 

that there are som·e· variations from one species to another. The largest chromo

some and the m-chromosomes are found to be the most variable. The relative 

size of the 1st chromosome of Notobitus excellens (Idiogram 26) is 19.66%, whereas 

that of Molypteryx hardwickii (Idiogram 22) is 14.71%, i.e., a difference of more 

than 5%. Similarly, there is a difference of more than 3°k in the relative sizes 

of the m-chromosomes between Ochrochira granulipes (Idiogram 21) and Homoeoce

rus (Tagus) walkeri (Idiogram 25). The other chromosomes are relatively more 

uniform. 

Therefore, the increase of chromosome number by the fragmentation 

of autosomes and X chromosome and decrease of chromosome number by the 

fusion of autosomes or by the loss of autosomes or m-chromosomes in the basic 

coreid complement have occurred during the speciation process of Coreidae 

(Ueshima 1979; Sands 1982a, b). In addition to these mechanisms, interchromo

~omal changes have also played a major role in the karyotypic evolution of 

co reid species (Manna 19 84). 
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Table 6 •. Chromosome complements of coreid species reported after 

Uesh.ima's. review (1979). 

Taxqn 

Pseudopholeinae 

1. Clavigralla spinofemora!is 

Coreinae 

2. Plinach tus bicoloripes 

3. Homoeocerus sp. 

4. H. angulatus 

5. H. limba tipennis 

6. H. serrifer 

7. H. (Tagus) sigilla tus 

B. H. (Tagus) walkeri 

9.' Hygia touchi 

1 o. H. sp. 

11. Anop!ocnemis phasiana 

1 2. Dereptery:x: chinai 

13. Mictis gallina 

14. M. longicomis 

15. Dchrochira rubro tine ta 

I 16. 0. granu!ipes 

17. No tobitus affinus 

18. N. sp. 

19. N. e:x:cellens 

20. Molypteryx hardwickii 

21. Pe til(ia pa tul!ico!lis 

22. Acanthocoris sp. 

· Diploid complement 

13(1 0+ 2m+X0) 

21(20+X0) 

21(18+2m+X0) 

22(18+2m+X 1x 2o) 

20(18+X
1 

x
2 

o) 

18(16+X
1 

X
2

0) 

Reference 

Muramoto 1978 

II II 

Manna & Deb-Mallick(1981 a) 

Sands (198 2a) 

II II 

" " 

21(18+2m+X0) Present report 

21(18+2m+XO) Present report 

17(16+X0) Manna & Deb-Mallick(1981a) 

' 22(18+ 2m+X 1 X 2o) P~esent report 

15(1_4+X0) Sands (1982a) 

21(18+2m+X0) 

21 (18+ 2m+X0) 

21(18+2m+XO) 

21 (18+ 2m+XO) 

21 (18+ 2m+XO) 

21 (18+2m+XO) 

21(18+2m+X0) 

21 (18+ 2m+X0) 

21 (18+ 2m+XO) 

28( 24+ 2m+X1X .pl 
24(22+X 1 X 2o) 

" " 

" " 
" " 

' II II 

Present report 

Sands (1982a) 

" " . 

Present report 

" " 

" " 

" " 
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Taxon Diploid complement Reference 

23. Cletus sp. 18(14+ 2m+X 1 X z 0) Present report 

24. Dalader acuticosta 21(18+Zm+X0) II II 

25. Physomerus grossipes 19(16+2m+X0) Sands (1982a) 

26. P. parvulus 19(16+2m+X0) II II 
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Family Alydidae 

This family is most closely related to the Coreidae. Ueshima (1979) 

recorded the chromosomes of 19 species belonging to 10 genera. Later, the 

diploid counts of two more species namely, Leptocorisa chinensis and L. aratoria 

were reported by Sands ( 19 B 2a). The cytological data suggest that the diploid 

count of U (10+2m+X0) is the modal number for the family (Plate 48, 'Histo

grams 5, 6), with coreid pattern of chromosome arrangement during meiosis 

(Manna 1956;' 1962; Ueshima 1979). 

In the subfamily Alydinae, Akbaratu.S fasciatu.S (Parshad 1957c) shows 

X 
1 

X 
2 

0 sex chromosome system, whereas the typical alydid complement of 

13(10+2m+X0) has been reported in the congeneric species A. fisheri by the same 

worker. On the other hand, Megalotomus pal!escens (15=12+2m+X0) (Piza 1946d, 

ref. Ueshima 1979)o1f:fers from' its congeneric species M. costa!is (13=10+2m+X0) 

Takenouchi & Muramoto 1968) by a pair of autosomes. Accurate metrical studies 

in these cases may show that fragmentation of X chromosome and .autosomes 

in the basic complement may have led to the origin of the karyotypes of A. fasci

atus and M. pallescens respectively. 

In the subfamily Micrelytrinae, all the four species of· the tribe Leptocori

~ini _have 17(14+Zm+XO) chromosorn~s (Man~a 1~51; jande 1959b;- Sands 19B2at} •. 
'· + • .w. \· • 

, while two !Jpecies , of Micrelytrini show typical "·.modal . count .-of 13(l0+ 2m+ X D) 

(Montgomery 1901 a, 1906; Wilson 1906; ref. LJeshima 1979) (Histogram 5). 

A comparison of the morphometric data (Table 3) of R. pedestris (2n=13) 

(Idiogram 29) and L. acuta (2n;,17)' (Idlogr~m 30)1 shows th~:t the -1st, '2nd,-. :3rd, 

' and the 4th chromosomes of the former species are comparatively larger than 

the corresponding chromosomes of the latter. Similar metrical data were also 

obtained in Malayasian species of Riptortus and of Leptocorisa by Sands (1982b). 

He had suggested that the fragmentation of the largest autosomes in the basic 
I . 

13, XO karyotype of Riptortus gave rise to the 2n=17, XO complement of Leptoco-

risa. Thus, the fragmentation mechanism plays an important role in the karyo

typic evolution 6f Alydidae. 
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Family Pyrrhocoridae 

In this family, chromosome data are now available for about 16 species 

belonging to eight genera. Of these, Ueshima (1979) recorded the chromosomes 

of 15 species, while Manna and Deb-Mallick (1981 a) extended the data by repor

ting the diploid count of one more species, Dysdercus evanescens. The spermato

gonial chromosome number ranges from 13 to 33 with, peak at 16 (Histogram 

6). Th~ Y and m-chromosomes are. characteristically absent in this group. 

Species of Dysdercus show 16 chromosomes with an X 
1 

X 
2 

0. sex chromosome 

system except D. ruficolis (Piza 1947b ref. Ueshima 1979) which has 13(12 + XO) 

chromosomes. Multiple sex chromosome has also been reported in Pyrrhopeplus 

Posthumus (2n=24, X 1 X 2 0) by Parshad (1957a). Caenaeus abortivus (33=3 2+XO) 

(Ueshima 1979) has the highest recorded chromosome number in this family, 

while high chromosome number of 27=26+X0 has been found in one species 

each of the two genera, Antilochus (Parshad 19 57 a) and'·Odontopus (Banerjee 19 58). 

Furthermore, two species of Pyrrhocoris (Henking 1891 ref. Ueshima 1979; Take

nbuchi and Muramoto 1967) and a single species of Scantius (Parshad 1957a) have 

23(22+X0) and 19(1 B+XO) chromosomes respectively. Comparison of the metrical 

data (Table 3) of two congeneric species of Dysdercus studied here did not reveal 

any appreciable differences among the relative sizes of the corresponding chromo

somes (!diagrams 31, 3 2). With ttie present state of knowledge on the chromo~ 

somes of Pyrrhocoridae, it seems that fragmentation has played an important 
' . 

role in the development of heterogeneous character of this group. 

Family Largidae 

This family is represented cytologically by five genera and ten species 
' 

of which Ueshima (1979) listed the chromosomes of eight species and two more 

sp~cies were reported later by Manna et a!. (1985) and Dey & Wangdi (1985). 

Iphita limbata. is placed under Largidae instead of Pyrrhocoridae (as per classi

ficatiqn of CAB International Institute of Entomology) •. The diploid chromosome 

nuinber ranges from 11 to 17 (Histogram 6) with XO:XX sex chromosome system 

ex~ept Physopelta schlanbuschi, P. gutta and P. quadrigutta where sex mechanism 

is X 
1 

X 
2 

y (Manna et a!. 1985; Dey & Wangdi 1985). Moreover, all the species 

I 

-- -.._..,...--__ ~--
__ - ~---- -- L --------- '' ------ -- -------- --
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of Largidae so far studied have a pair of m-chromosomes. 

Intrageneric variation of chromosome number has been found in the 

genus Largus (Wilson 1909a, ref. Ueshima 1979). L. cinctus has 11(B+2m+XO), 

while L. succinctus shows 13(10+2m+X0) chromosomes. Moreover, intra-indivi

dual ·variations of X chromosomal elements and their subsequent regularization 

by chromatin elimination have been reported in Lohita grandis (Banerjee 19 58; 

M,anna & Deb-Mallick 1984 & present study) and lphita limbata (Manna & Deb

Mallick 1981b & present study). 

Morphometric data (Table 3) on L. grandis and L limbata reveal that 

the relative sizes· of the 1-5 X chromosomes in the former and 1-7 in the latter . 
are in decreasing order of length and the m-chromosomes in both the species 

are larger than the smaller X elements (!diagrams 33, 34). In three species 

of the genus Physopelta namely, P. gutta,. P. quadrigutta and P. schlanbuschi, 

the X 1 and the Y chromosomes are found· to be the largest elements of the 

complement (Idiogram 35-37) and regarding thier origin it had been suggested 

that (Manna et al. 1985) the X 1 Y were originally a pair of very large autoso'Cles 

which were subsequently changed into X 1 X 2 Y by translocation between original 

small X and large autosomes. 

Family Lygaeidae 

I In the Lygaeidae, chromosome information is now available for about 

330 species and 131 genera belonging to 12 subfamilies (Ueshima & Ashlock 

1980). The spermatogonial .chromosome number ranges from 10 to 30 with distinct 

modal peak at 14 and a lower peak at 16 (Plate 48, Histogram 7). 

The Rhyparochrominae is the largest subfamily· in the Lygaeidae. To 

date, 142 species belonging to 67 genera have been worked out cytologically 

(Ueshima Ashlock 1980) where opermatogonial chromosome number ranges from 

10 to 24 (Histogram 7). In the tribe Plinthisini, five species of the tribe Plinthisus 

have diploid count of 16(1 2+2m+XY) chromosomes, while the tribe Lethaeini 

is characterized by modal number of 13(10+2m+X0) and lack of Y chromosome, 

probably lost during chromosome evolution (Ueshima & Ashlock 1980). Only 

two species and two genera of the tribe Ozophorini have been investigated cytolo

gically. Migdilybs furciper (Ueshima & Ashlock 1980) and Prosomoeus brunneus 
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(Muramoto 1973) have 16(1 2+ 2m+XY) and 14(1 0+2m+XY) chromosomes respectively. 

The modal number of 14(10+2m+XY) has been established for the tribe Antillo

cornini from the study of four genera and six species. The absence of m-chromo

some, which is very unusual in Rhyparochrominae, has been reported in Targare ma 
. ' 

sta(i (16=14+XY) (Ueshima & Ashlock 1980) of the tribe Targaremini. The Dry-

mini is fairly well known cytologically. Chromosomes of 25 species belonging 

to nine genera have been studied so far. The modal number of the tribe is 

20(16+2m+XY) (Ueshima & Ashlock 1980). Intra-generic variation of chromosome 

number has been reported in the tribe Stygnocorini. In the genus Stygnocoris, three 

species have 16(12+2m+XY), while S. rusticus shows diploid count of 18(14+2m+XY) 

(Pfaler-collander 1941). According to Ueshima & Ashlock (1980), fragmentation 

or dulpication of one pair of autosomes may be responsible for the increase 

of chromosome number in the latter species. Clerada apicicomis of the tribe Cle

radini shows 24(20+2m+XY) chromosomes, the highest number so far recorded 

in Rhyparochrominae. In Myodochini, chromosomes· of 43 species belonging 

to sixteen genera have been studied. The modal number of the tribe is 16(12+ 2m+ 

XY) (Ueshima & Ashlock 1980). However, four of the 18 'species of Pachybrachius 

show: 14(10+2m+XY) chromosomes and the remaining species have 16(12+2m+XY). 

Fusion of two chromosomes in the modal type may have given rise to the origin 

of 14 chromosome. karyotype in these species (Ueshima & Ashlock 1980). In 

the tribe Rhypa.rochromini, Ueshima & Ashlock (1980) recorded the chromosomes 
' . 

of 28 species belonging to fourteen genera, while the chromosomes of one uniden-. . 
tified species of Dieuches has been reported from the present study. Of these, · 

fifteen species show 14 (1 0+2m+XY) and nine have 12(1 0+2m+XY) chromosomes. 

However, Graphoraglius novitus exhibits diploid count of 10 (6+2m+XY) (Ueshima 

& Ashlock 1980), the lowest n!Jmber in the,Lygaeidae. The Y chromosome found· 

to be absent in three species of Poeantius (Jande 1959a; Ueshima & Ashlock 1980), 

while multiple sex chromosomes have been reported in Graptopeltus japonicus ( 17= 

1 0+2m+X 1 X 2 X) X 4 Y) (Yosida 19 46; Ref. Ueshima & Ashlock 1980). Though the 

basic chromosome number is same in three species of the tribe Megalonotini, 

the differences occur due to the different numbers of X chromosome. Megalonotus 

antennatus shows n=5+m+XY, while M. chiragra and Sphragisticus nebulosus have 

n=5+m+X 1 X 2 Y and n=5+m+X 1 X 2 X 3 Y respectively (Pfaler-Collander 1941) 

The modal number of the Gonianotini is not yet determined since seve~ genera 

and eight species show three types of chromosome co'!lplement: 14(1 0+ 2m+XY), 

16(12+2m+XY) and 18(14+2m+XY). Thus it is apparent from the foregoing discus-
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sian that the subfamily Rhyparochrominae are hetergeneous cytologically (Ueshima 

197.9). 

In the subfamily Lygaeinae, the chromosomes of 12 genera and 26 species 

have been investigated so far (Ueshima & Ashlock 1980). This group is characte

rized by the lack ·of m-pair and by the modal number of 14(12+XY) (Histogram 
' 

7). However, deviations from this modal count were reported in the species 

·.of qncopeltus and Lygaeus. Two species of Oncopeltus have 16(14+XY), (Rao 

1954; Ueshima & Ashlock 1980), while one species each of Lygaeus (Parshad 1957a) 

and Oncopeltus (Ueshima & Ashlock 1980) has 22(20+XY) chromosomes which 

has probably been derived by the simple fragmentation of autosomes in the 

basic type (Ueshima & Ashlock 19 80). 

The subfamily Orsillinae is characterized by 
1 
the presence of a pair 

of m-chromosomes. The diploid counts of 14(10+2m+XY) and 16(12+2m+XY) 

are Jrequent in 13 genera and 65 species of this subfamily (Histogram 7). 

Ueshima & Ashlock (1980), however, suggested that 14 is the modal number 

of Orsillinae, wflile· the 16-chromosome types were derived from it by fragmenta

tion 'process. 

Members of the subfamily Cyminae have the highest chromosome number 

in the Lygaeidae- · (Takenouchi & Muramoto 1968, 1970b; Pfaler-Collander 1941; 

Ueshima & Ashlock 1980). The diploid counts of 22(18+2m+XY), 28(24+2m+XY) 

and 30(26+2m+XY) are equally frequent in the subfamily, while a single species 

of the genus, Ninus shows 16(12+2m+XY) chromosomes, the lowest number in 

the Cyminae (Histogram 7). 

In the subfamily Blissinae, chromosome data are available for 10 genera 

and 37 species (Ueshima & Ashlock 1980; Leonard 1966). Among them, 27 species 

have 14(10+2m+XY), one has 15(10+2m+X 
1 

X 
2 

Y), eig~t have 16(12+2m+XY), 

and one has 18(14+ 2m+XY) (Histogram 7). the modal number of the subfamily 

is 14 which carries one pair of large autosomes, lacking in 16-chromosome types. 

This strongly suggests that the latter types have been originated from the ·farmer 

modal type by the fragmentation of one of the large autosome pairs (Ueshima 

' & Ashlock 19 80). 

' In the subfamily Chau!iopinae, both the species of Chauliops show 16(12+2m 

+XY) chromosomes (Ueshima & Ashlock 1980) (Histogram 7). 
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Only one species has been studied cytologically in the subfamily Henesta

rinae. Engistus viduus has 14(1 0+ Zm+XY) chromosomes (Ueshima & Ashlock 19 80) 

(Histogram 7). 

In the subfamily Geocorinae, four genera and 13 species are known cytolo

gically (Pfaler & Callander 1941; Jande 1959b; Ueshima & Ashlock 1980) and 

diploid counts of 16(12+2m+XY), 18(14+2m+XY) and 20(16+2m+XY) are encountere~. 

With the present state of knowledge, it is difficult to judge the modal number 

of the subfamily though the count of 20(16+2m+XY) is more frequent than others 

(Histogram 7). 

The chromosome data of seven genera and 1) species of the subfamily 
' Pach~gronthinae suggest that the modal chromosome number of this group is 

uncertain (Takenouchi & Muramoto 1967; Ueshima & Ashlock 1980). Six species 

have 13(10+2m+XO), while five species have 14(1 2+2m+XY). Moreover, two 

species of the· genus, Pachygrontha namely, P. longiceps and P. barberi have 17 

(14+2m+X0) and 23(20+2m+X0) chromosomes respectively (Ueshima & . Ashlock ' . 
19 80) (Histogram 7). These data suggest that fragmentation and loss of Y chromo-

some have played major roles in the karyotypic evolution of the subfamily (Ueshi

ma & Ashlock 1980). 

The modal number is also· uncertain in the subfamily Heterogastrinae. 

Because, three species of Dinomachellus have 14(1 0+2m+XY), while two species of 

Masoas and o_ne species of He terogaster have 16(12+ 2m+XY) chromosomes (Ueshima 

& Ashlock 1980). 

In the subfamily Oxycareninae, three genera and five species have been 

investigated cytologically (Pfaler-Collander 1941; Menon 1955; Jande 1959a; 

Banerjee 1958; Ueshima & Ashlock 1980). The m-chromosomes are characteris

tically absent in this group. Except Crophius bohemani ( 16=14+XY) (Ueshima & 

Ashlock 1980), all other species have diploid count bf 17 (14+X 
1 

X 
2 

Y) with 

multiple sex chromosome system (Histogram 7). 

The subfamily Ischnorhynchinae is represented cytologically by three 
' ' 

genera and eight ·species (Pfaler-Coilander 1941; Halkka 1956; Muramoto 1973; 

Ueshima & Ashlock 1980). All the species have 14(1 Z+Zm+XY) chromosomes 

which may be tentatively regarded as modal number for the subfamily. 
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A rough comparison of the relative sizes (Table 3) of the corresponding 

chromosomes in Spiloste thus hospes '(Lygaeinae)( 14=12+>fY) and Dieuches sp. (R hy

parochrominae) (1 2=8+2m+XY) studied here suggest that the fusion of two pairs 
' of autosome in the basic lygaeid karyotype may have led to the origin of the 

largest pair of autosomes in Dieuches sp. (ldiograms 38, 39). Manna (1951) com

pared the relative sizes of the corresponding chromosomes in lygaeid species 

having uniform set of 14 chromosomes and had suggested that the interchromo

somal changes might have played an important role in the karyotypic evolution 

of Lygaeidae. 

Thus it appears that the fragmentation and fusion in autosomes and 

fragmentation of the X and sometimes elimination of m-pair and Y chromosome 

and interchro~osomal changes ~ccount for chromosome evolutin in Lygaeidae. 

Mmieover, metric:;al data obtained on different lygaeid species also corroborate 

these processes pf evolution (Ueshima &; Ashlock 1980; Manna 1984). 

Family Reduviidae 

Chromosome data are available for about 93 species and 45 genera belon

ging to 13 subfamilies. Of these, Ueshima (1979) recorded the chromosomes 

of 77 species and 38 genera belonging to 12 subfamilies, while the chromosomes 

of 16 species, 7 genera and of one new subfamily have been reported later by 

other workers (Manna & Deb-Mallick 1981a; Muramoto 1981, present study) 

(see Table 7). The spermatogonial chromosome number ranges from 12(1 O+XY) 

to 3 4(3 2+XY) with peak at 22 and a lower peak at 23 Plate 48, (Histogram 8). 

The subfamily Bactrodinae and Hammacerinae are represented cytologi

cally by one species each. Bactrodes femoratus of the former subfamily shows 26 

(24+XY) chromosomes (Ueshima 1979), while Microtomus conspicillaris of the latter 

·subfamily has diploid count of 30 where sex mechanism' was not reported (Piza 

1957c ref: Ueshima 1979) (Histogram 8). 

The subfamily Phymatinae is also poorly studied cytologically. Macro c e

phalus barberi' has28(26+XY) (Ueshima 1979) chromosomes, while sex chromosome 

system was not report~d in Phymata wolffi ( Zn= 29) (Montgomery 1901a, ref. 
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Ueshima 1979) (Histogram B). 

In the subfamily Emesinae, three species belonging to three different 

genera ha.ve 16(14+XV), 20(1B+XV) and 34(3 2+XV) chromosomes respectively 

(Ueshima 1979; 1963c). On the other hand, two genera and four species of 

Apiomerinae show the ,,·uniform _count of 24(22+XV) chromosome each (Payne 
• . • <.. ' 

1912, ref. Ueshima 1979; Ueshima 1.979) (Histogram B). 

In the subfamily Harpactorinae, except Polididus armatissimus (1 2=1 D+XV) 

(Toshioka 1936, ref •. Ueshima 1979; Banerjee 195B), all the species have either 

X 1 X 2v or X 1 X .;:< 3 V sex chromosome systems (Manna 1951; Jande 1959b, 1959c, 

196Dc; Banerjee 195B; Toshioka 1936, 1933 ref. Ueshima 1979). Two new genera, 

Rhinicoris and Cydnocoris, studied here also have X 1 X 2 X 3 V and x1 X 2 V sex 

chromosome system respectively. Majority of the species of this subfamily 
• •; -'f~-· ··_- r - ' ' •, • • •" ~ 1;1 (i';il~-- 1t~::.>"l r-~--~ · 

show diploid count 2B(24+X1 X 
2
x 

3 
Y), while only'two<species have 27(24+X

1 
X 

2 
V) 

chromosomes (Histogram B). It seems that variation of diploid number is due 

to the variable number of X chromosomes in these species. Furthermore, compari

son of the metrical data of three species studied here viz., Rhinicoris fuscipes ( 2 n 

=2B, x1 X 2x3 
V), R. sp. (2n=2B, x1 X 2x 3 V) and Cydnocoris crocatus (2n=27, 

X 
1 

X 
2 

V) show that there are little variations between the sizes of the corres

ponding autosomes in these species (Table 3). However, X1 and X 2 chromosomes 

in C. croccatus are comparatively larger than those of R.sp •. and R. fuscipes 

(!diagrams 40-42). Metrical data on XV species will further. contribute towards 

understanding the role of fragmentation process in the karyotypic evolution 

of this group. It is, however, apparent from the foregoing analysis that the 

fragmentation mechanism is o~erative at X chromosome level in Harpactorinae. 

Similar situation has ·also been encountered in Piratinae where both XV and 

X 1 X 2 V sex chromosome system exist. Though the diploid counts of 22 and 

23 are equally frequent in the subfamily, the count of 26(24+XV) has been reported 

in Pirates sp. and Sirthenea f!avipes (Manna & Deb-Mallick 19B1 a), while an uniden

tified species of Sirthenea shows 2B(26+XV) chromosomes (Jande 19 59 c) (Histo

gram B). 

In the subfamily Reduviinae, chromosomes of four genera and five species 

have been reported so far. The diploid counts of 22, 25, 26, 2B, and 29 are 

encountered in these species (Histogram B). Among them, Pasiropsis sp. (29=24+X 1 
x

2
x

3
x

4
V) (Jande 1959c) and Acanthaspis sp. (25=22+X 1 X 2 Y) (Manna & Deb-
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Mallick 1981a) have multiple X chromosomes, while rest of the species have simple 

XY sex chromosome system. On the other hand, in the subfamily Stenopodinae, 

all the species but Pygolampis foeda ( 24+XY) (Banerjee 1 19 58) have multiple 

X chromosomes. However, Jande (1959b) reported diploid number of 25(22+X 1 X 2 Y) 

in the· specimens of P. foeda from northwest India. This intraspecific variation 

in sex chromosom·e system which is very unusual in Heteroptera merits detailed 

study· (Ueshima 1979). Diploid number in the subfamily ranges from 23 to 26 
I 

(Histo,gram 8). 

The Triatominae is better studied cytologically in comparison to other 

subfamilies of Reduviidae. Chromosome information is now available for seven 

genera and 29 species (Ueshima 1979). Majority of the species have 10 pairs 

of autosomes with either XY or multiple sex chromosome systems, while only 

three species show either nine or eleven pairs of autosomes. Spermatogonial 

chromosome number ranges from 21 to 25 ·with peak at 22 (Histogram 8) which 

may be regarded as modal count for the subfamily (Ueshima 1966b). In the 

subfamily Zellinae, the spermatogonial chromosome number ranges from 26 

to 3 2 without any definite peak (Histogram 8). Most of the species, however, 

show multiple X chromosomes which can be regarded as characteristic of Zellinae · 

(Ueshima 1979). 

In the whole Reduviida~, Polytoxus sp. (23=22+X0) under Saicinae (Manna & 

Deb-Mallick 1982) and two species of Ectrychotes (29=28+X0) (Manna 1951; 

Manna & Deb-Mallick 1980) under Ectrichodiinae have the uncommon XO:XX 

sex' chromosome system (Histogram 8). Moreover, the genus' Ectrychotes is also 

characterized by the pre-reductional meiosis (Manna & Deb-Mallick 1980) which 

is every rare in Heteroptera. 

Regarding chromosome evolution in Reduviidae, it seems that fragmenta

tion has played an important role in this process. Ueshima (1966b) suggested 

that simple fragmentation in the original. X chromosome may have led to the 

origin of multiple X's in Triatominae, while our observation on three species 

of Harpactorinae has lent support to this mechanism. 
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Table 7. Chromosome complements of reduviid species reported after Ueshima's 

review (1979). 

Taxon 

Reduviinae 

1. A can thaspis sp. 

Harpactorinae 

2. Rhinicoris fuscipes 

3. R. sp. 

4. R. leucospilUB sibiricus 

5. Cydnocoris crocatUB 

6. PolididUB sp. 

7. Vesbius purpureus 

Ectrichodiinae 

B. Ectrychotes abbreviatus 

Piratinae 

9. Ectomocoris sp. 

10. Pirates sane tUB 

11. (>irqt~s: sp. 
' 

1 2. Sirthenea flavipes 

Stenopodinae 

13. Oncocephalus sp. 

14. 0. naboides 

Saicinae. 

15. ·Polytoxus sp. 

Diploid complement 

25(22+X X Y) 
1 2 

2B(24+X X X Y) 
1 2 3 

2B(24+X X X Y) 
1 2 3 

26s 

27(24+X X Y) 
1 2 

12(10+XY) 

26(24+XY) 

29(2B+X0) 

22(20+XY) 

22(20+XY) 

26(24+XY) 

26(24+XY) 

23(20+X
1 

X 
2 

Y) 

26(22+X
1 

X 
2
x

3 
Y) 

23(22+XO) 

Reference 

' . 

Manna & Deb-Mallick(l981a) 

Present report 

n n 

Muramoto (1981) 

Present report 

Manna & Deb-Mallick(19B1 a) 

II II II 

Manna & Deb-Mallick (19B1a) 

II II II 

II II II 

II II II 

II II II 

II II II 

II II II 

II II II 



Histogram 1. 

Histogram Z. 

Histogram 3. 

Histogram 4. 

PLATE 47 

(Histograms 1-4) 

The distributional pattern of spermatogonial chromosome 

number in the Pentatomidae. 

Spermatogonial numbers in seven subfamilies of 

Pentatomidae. 

· The distributional pattern of spermatogonial chromosome 

numbers in the Coreidae. 

Spermatogonial numbers in three subfamilies of 

Coreidae. 

' 
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' Histogram 5. 

Histogram 6. 

Histogram 7. 

Histogram 8. 

PLATE 48 

(Histograms 5-8) 

Spermatogonial chromosome numbers in two subfamilies 

of Alydidae. 

Spermatogonial chromosome numbers in Alydidae, 

Pyrrhocoridae and Largidae. 

Spermatogonial chromosome numbers in twelve subfamilies 

of Lygaeidae. 

Spermatogonial chromosome numbers in thirteen 

families of Reduviidae. 

I 

i 
I 
I 
I 
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Fig.Z9. 

Fig.30." 

Fig.31. 

Fig.3Z. 

Fig.33. 

Fig.34. 

Fig.35., 

Fig.36. 

Fig.37. 

Fig.38. 

Fig.39. 

Fig.40. 

Fig.41. 

Fig.42. 

Figs.29 &: 30 (!diagrams of two species of Alydidae) 

Riptortus pedestris 

Leptocorisa acuta 
. . 

Figs. ~1&:32. (Idiograms of two species of the Pyrrhocoridae) 

Dysdercus koenigii 

Dysdercus cingulatus 

Figs. 33 to 37 (Idiograms of five species of the Largidae) 

Lohi ta grand is 

Iphita limbata 

Physopelta gutta 

P. quadrigutta 

P. schlanbuschi 

Figs. 38&:39 (ldiograms of two species of Lygaeidae) 

Spilostethus hospes 

Dieuches sp. 

Figs.40-42 (!diagrams of three species of Reduviidae) 

Rhinicoris sp. 

Rhinicoris fuscipes 

Cydnocoris crocca tus 



PLATE 49 

Figs. 1-17. (ldiograms of Pentatomid species) 

Fig.1. Carbula indica. 

Fig.2. Plautia sp. 

Fig.3. Nezara icterica. 

Fig.4. j N. viridula. 
I 

Fig.5 •. Tolumnia Ia tipes 

Fig.6. Agonoscelis nubila 

Fig. 7. Dunnius sp. 

Fig.8. Placostemum taurus 

Fig.9. Dalpada sp, 

Fig.1 0. Anaxandra sp. 

I 

Fig.11. Compastes bhutanicus. 

Fig.12. Coridius chinenensis 

Fig.13. Eumenotes sp. 

Fig.14. Eurostus grossipes. 

Fig.15. Eusthenes robustus. 

Fig.16. Picromerus sp. 

Fig.17. Chrysocoris sto!lii. 

Figs. 18-28. (ldiograms of Coreid species) 

Fig. 18. Cle tus sp. 

Fig.19. Dalader acuticosta 

Fig. 20. Petillia patullicollis 

Fig. 21. Ochrochira granulipes 

Fig •. 22. Molypteryx hardwickii 

Fig. 23. Anoplocnemis phasiana 

Fig .. 24. Homoeocerus (Tagus) sigillatus 

Fig.'25. Homoeocerus(Tagus) walkeri 

Fig •. Z6. No tobitus excellens 
' 

Fig.27. Acanthocoris sp. 

Fig.28. Hygia sp. 
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SUMMARY 

1. Behaviour of meiotic chromosomes has been studied in males of forty-four 

species of Heteroptera belonging to seven families viz., Pentatomidae, 

Coreidae, Alydidae, Largidae, Lygaeidae, Pyrrhocoridae and Reduviidae. 

Diploid and haploid chromosome constitutions of forty-four species are 

summarized in Table 8. 

z. The present investigation was ·undertaken to obtain cytological informations 

on Indian Heteroptera, ·and to stress the importance of cytological data 

' in the supergeneric cjassification of Heteroptera. · 

3. Measurement of the chromosomes. was made at first meiotic stage and 

the· chiasma frequencies were calculated at diplotene, diakinesis and meta

phase I stages. 

4. The general course of meiosis was found to be; fairly uniform in all the 

families studied. The frequency of chiasmata in the diplotene and diaki

nesis stages is generally very low, most of the bivalents have either one 

or two c.hiasmata which become completely terminalized during metaphase 

stage. The first meiotic divjsion is, as a rule, equational for the sex chromo~ 

somes, while the second division is reductional. 

5. . Supernumerary chromosome has been encountered in Dalpada sp. M (Pentato

'midae), ~hile there is a variation of chromosome number at metaphase 

I and metaphase II stages of the individuals of Molyptery:x: hardwickii (Corei

dae) collected from two different localities. The m-pair is absent in Anopia

cnemis phasiana and Acanthocoris sp. of C oreidae. Intra-individual 

variations of the· number of X chromosomes have bl;len found in Iphita limbata .. 

and Lohita grandis of the family Largidae. 

6. The analysis of available of cytological data on seven families of Hetero

ptera viz~, Pentatomidae, Coreidae, Alydidae, Largidae, Pyrrhocoridae, 

Lygaeidae and Reduviidae indicated that fragmentation-fusion mechanism 

and interchromosomal rearrang~ments have played an important role in 

the karyotypic evolution of these families. 

-.. 



Table 8. Chromosome numbers in forty-four species of Heteroptera. 

Taxon 

: Pentatomidae 

, Pentatominae 

Pentatomini 

' 1. Carbula indica 

2. P!autia sp. 

3. Nezara icterica 

4. N. viridula 

5. Tolumnia latipes 

6. Agonoscelis nubila 

7. Placostemum taurus 

8. Dunnius sp. 

Halyini 

Diploid 
complement 

s14=12+XY 

s14=12+XY 

s14=12+XY 

s14=12+XY 

s14=12+XY 

s14=12+XY 

s16=14+XY 

9. Cahara juga tor:ia s14 

1 D. Dalpada sp. s14=12+XY 

I • 
Compastan~ 

11. Compas tes bhutanicus s14 · 

Acanthosomatinae 

Acanthosomini 

1 2. Anaxandra sp. 

Dinidorinae 

1 Dinidorini 
I 

13. Coridius chinensis 

14. C. nepaleniis s1 2 

Haploid 
complement · 

Ml Mil 

8 

8 

8 

6+XY 

8 

B 

8 

9 

8 

5+XY 

5+XY 

7 

7 

7 

7 

7 

7 

7 

8 

7 

6 

6 

95 

Remarks 

s-chr. 



96 

Taxon Diploid Haploid 
complement complement Remarks 

Ml Mil 

· Tessaratominae 
· Eumenotini 

: 15. Eumenotes sp. s14=12+XY 8 7 

: Eusthenini 

16. Eurostus grossipes s12=10+XY 7 6 

17. Eusthenes robustus s12=10+XY 7 6 

Asopinae 

Asopini 

18. Picromerus sp. s14=12+XY 8 7 

Scutellerinae 

Scutellerini 

19. Chrysocoris stollii s12=10+XY 7 6 

Coreidae 

Coreinae 
' 

Gonocerini 

20. Cletus sp. · s18=14+2m+ 10 9 
x1 x zD 

Brachytini 

21. Dalader acuticosts s21=18+2m+X0 11 11 

Petascelidini 

22. Pe till~ pa tullicollis s28=24+2m+ 15 14 
I x

1 
x 

2
o 

Mictini 

23. Ochrochira granulipes s21=18+2m+X0 11 11 

24. Molypteryx hardwickii s 21 =18+ 2'T'+X0 11 11 
o22 



Taxon 

· 25. Anop!ocnemis phgsiana 

Homoeocerini 

26. H omoeocerus (Tagus) 
sigillatus 

27. H. (T) wa !keri 

Cloresmini 

28. Notobitus excellens 

Physomerini 

29. Acanthocoris sp. 

Colpurini 

30. Hygia sp. 

Alydidae 

Alydinae 

31. Riptortus pedestris 

Leptocorisinae 

3 2. Lep tocorisa acuta 

Largidae 

Europhtlialminae 

Physopeltini· 

Diploid 
complement 

Haploid 
complement 

MI Mil 

s15 

s21=18+2m+X0 11 

s21=18+2m+X0 11 

s21=18+2m+X0 11 

s24=24+X X 0 13 

s22=18+2mt 12 
x

1
x

2
o 

s13=10+2m+X0 7 

s17=14+ 2m+X0 9 

11 

11 

11 

12 

11 

7 

9 

97 

Remarks 

m-chr. absent 

m-chr. absent 

- ------------



I CHAPTER II STUDY OF THE CHROMOSOME BANDING IN EIGHTEEN 

SPECIES OF HETEROPTERA 
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INTRODUCTION 

In certain groups of animals and plants, the chromosomes do not seem 

to have any localized centromeres or primary constrictions which are present 

in the monacentric organisms (see White 1973; Battaglia & Bayes 1955; John 

& Lewis 1965). The diffuse nature of heteropteran chromosomes has been 

established from light microscopic, experimental and 'ultrastructural studies. 

From light microscopic observations, Schrader (1935, ~9 40, 19 47) suggested 

that the heteropteran chromosomes were holokinetic during mitosis, while they 
' 

behaved like telekinetic chromosomes during meiosis and he proposed the follo-

wing behavioural characteristics of heteropteran chromosomes in support of 
' 

the claim. 1. Absence of primary constriction during spermatogonial and somatic 

mitosis 2. Separating chromatids remain parallel to each other during mitotic 

anaphase. 3. The chromosomal fibers are organized :along the entire length 

of each chromatid. 4. Meiotic metaphase bivalents orient with their long axes 

parallel to the interpolar axis of the spindle, and the kinetochore activities 

are restricted to the terminal ends of each bivalents. T,hese criteria as well 

as diffuse kinetochore activity received active support from later workers 

(Heizer 1950; Halkka 1956; Lewis & Scudder 1958), while others proposed locali

zed kinetochore (Mendes 1949; Dutt 1955; Parshad 19578; 1958), dikinetic with 

localized kinetochores at each end (Piza 19 58) and telocentric (Ruthmann & 

Dahlbe~g 1976) for heteropteran chromosomes. 
' 

Heteropteran chromosomes were also interpreted as holocentric by 

Hughes-Schrader &· Schrader (1961) who found that the X-ray induced fragments 

perpetuate themselves during spermatogonial mitosis in three pentatomid bugs 

of the genus, Eusch(stus. La Chance & Degrugillier (1969) also reported the trans

mission of fragments through three generatins in Oncopeltus and supported the 

Schrader's view. Other workers, however, did not support this inference regar

ding heteropteran kinetochore. Desai (1969) irradiated the chromosomes of 

Ranatra (Nepidae) with high doses of X-rays and generalized that the heteropteran 

chromosomes were monocentric. Further, the study of fragments in the X-rayed 

bugs, Physopelta schlanbuschi (Manna & Dey 1983, 1986; Dey & Manna 1984) and 

Lygaeus hospes (Barik 1979) did not support the holocentric nature of chromo" 

somes in these two species. 
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There has been relatively little investigation of the fine structure 

··of diffuse kinetochore in Heteroptera. Buck (1967) studied the mitotic and 

meiotic chromosomes of Rhodnius proli:rus (Reduviidae), and found a diffuse kine

tochore spread along the whole leading edge of the mitotic chromosomes, while 

ther~ was no analogous structure in the meiotic chromosomes. Single plate 

like kinetochore, covering most of the chromosome length, was reported for 

the mitotic chromosomes of Oncopeltus and such plates were found to be absent 

during meiosis (Comings & Okada 1972). On the other han<;!, Ruthmann & Per

mantier (1973) observed localizec! kinetochore in Dysdercus an.d had suggested 

monocentric organization of the chromosome. Moreover, the study of the deter-
' mination of base composition, buoyant density, thermal stability, reassociation 

kinetics, renaturation of DNA etc. in the chromosomes of Oncopeltus revealed 

that the repeated sequences of DNA were primarily short and scattered through

out the genome in contrast to the tandem repeats of DNAs near the centromere 

of the organisms with localized kinetochore (Lagowsky et a!. 1913). 

In recent years the chromosome banding tech~iques have provided 

cytogeneticists with some powerful new tools to investigate the chromosome 

organization. These include the use of C-banding to stain constitutive hetero

chromatin and Q~ and G- banding to produce diHerentia! staining in the chromo-
. . 

some tarms (Casper_sson et a]. 1969; Seabright 1971; Sumner 1972; Pardue & 

Gall 1970; Arrighi, & Hsu 1971). However, their applications in the study of 

holocentric chromosomes are limited. Few studies have been carried out in 

Heteroptera (Maudlin 1974; Muramoto 1975, 1976, 1978, 1980, 1985; Solari 

1979; Camacho et a!. 1985), Homoptera (Pijnacker & Ferwerda 1976), Lepidoptera 

(Bigger 1975; Bedo 1984), Parascaris (Coday et a!. 1985) and in the plants of the 

genus, Luzula (Ray & Venkateswaran 1978). 
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MATERIALS 

Eighteen species of Heteroptera belonging to five families were used 

for banding study. List of the species is given in the Table 9. The normal karyo

types·. of these species have been described in Chapter I of this thesis. 

Table 9. List of the species used fm: C and G banding studies. 

Taxon 

Pentatomidae 
1. Nezara icterica 

2. cary.ara jugotoria 

3. Compastes bhutanicus 

4. Chrysocoris stollii 

Coreidae 

5. Cletus sp. 

6. Dalader acuticosta 

7. Petillia patullicollis 

B. Ochrochira grimulipes 

9. Anoplocnemis phc;zsiana 
I 

10. Acanthocoris sp~ 

Alydiaae 

11. Leptocorisa acuta 

. 12. Riptortus pedestris 

[argidae 

13. Lohita grandis 

14. Iphita limba ta 

15. Physopelta gutta 

· 16. P. quadrigutta 

17. P. schlanbuschi 

Lygaeidae 

18. Spilostethus hospes 

Diploid count 

' 2n=14(1 2+XY) 

2n=14(1 2+XY) 

2n=14(1 2+XY) 

2n=1 2(1 D+XY) 

2n=1B(14+2m+X
1 

X 
2
o) 

I 

2n=21(1B+2m+X0) 

2n=28(24+2m+X
1 

X 
2
o) 

2n=21(1 B+Zm+XO) 

2n=15(14+XO) 

2n=24(22+X 
1 

X 
2
o) 

2n=17(14+ 2m+X0) 

2n=13(1 0+ 2m+X0) 

2n=15(12+2m+X0) 

2n=15(12+Zm+X0) 

2n=17(12+2m+X 
1 

X 
2
y) 

2n=17(1 2+ 2m+X 
1 

X 
2 

Y) 

2n=17(12+2m+X
1 

X 
2 

Y) 

2n=14(1 0+2m+XY) 

C-/G-bands 

G 

G 

G 

C&G 

G 

G 

C&G 

C&G 

G 

G 

C&G 

G 

G 

G 

G 

G 

G 

G 
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METHODS 

Among the eighteen species, chromosomes of four species were studied 

by both C- and G-banding techniques, while those of rest of the species were 

studied by G-banding only. C-banding could not be attempted in all the species 

due ~a the paucity of materials. 

Chromosome banding techniques 

For C-bandingl, BSG method described by Sumner (1972) was followed 

with f11inor modifications. The testes cells were squashed by the conventional 

squash method. The slides were then kept in a hot plate at 60°C for about a 

week. After preheating, the slides were hydrolysed in 0.2% N HCL for 30 

min. at room temperature, rinsed in distilled water and placed in freshly prepared 

5% aqueous solution of Ba(OH) 2 at 50-55°C for about 15 min. After thorough · 

rinsing in three changes of distilled water, the slides were incubated for 

: H hr., at 60-65°C in 2 X sse (0.3 M NaCl and 0.03, M tri sodium citrate) 

solution. . They were then rinsed in distilled water several times and stained 

for about 30 min in 10% Giemsa (BDH, India) adjusted to pH 6.8 by using phos

phate buffer. Finally, the slides were washed in distilled water, blotted, allowed 

to dry thoroughly; soaked in xylene .and mounted in DPX. 
I . . 

For G-banding, trypsin-Giemsa . banding method of Seabright (1971) 

was followed with minor modification. ' 0.25% of trypsin (dissolved in isotonic 

saline solution) or 0. 25% aqueous solution of trypsin were used. 3-4 days old 

squashed slides were placed in the trypsin solution 40 sec to 1 min and then 
<>;i et~~A.li:<L 

kept in isotonic saline for 8 to 10 min. The slides were stained in 1 0%1\solution 

(BDH, India) for 20 to 25 min (adjusted to pH 6.8 with phosphase buffer). The 

slides were then washed in distilled water, blotted, allowed to dry thoroughly, 

rinsed in xylene and mounted in DPX. 

The pairing of the chromosomes in the karyotype was done by matching 

bands as far as practicable. Diagrammatic representations of the banded chromo

somes in haploid series are also presented. The deep and light bands are indicated 

by complete black and oblique lines respectively. The white areas represent 

negative staining zones. 



Fig.1. 

Fig.1a. 

Fig.Z. 

Fig.Za. 

Fig.3. 

Fig.3a. 

Fig.4. 

' Fig.4a. 

Fig.5. 

Fig.5a. 

PLATE 50 

Explanation of Figures 

G-banded kayotype of Nezara icterica. 

Diagrammatic representation of the banded chromosomes in 

haploid series. 

G-banded karyotype of Cahara jugotoria. 

Diagrammatic representation of the banded chromosomes. 

G-barided karyotype of Compastes bhutanicus. 

Diagrammatic representation of the bands. 

G-banded chromosomes of diakinesis. 

Diagrammatic representation of the bands. 

G-bandea chromosomes of diakinesis. 

Diagrammatic representatron of the bands. 
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RESULTS 

Family Pentatomidae 

1. Nezara icterica 

(Plate 50, Figs. 1, 1 a) 

In Nezara icterica, the diploid chromosome number is 14 with XY 

sex chromosome system in the male. G-bands were observed in the spermatogonial 

metaphase chromosomes. Fig.1 sh~ws G-banded karyotype, while diagrammatic 

representation is given in Fig.1 a. Chromosome No.1 reveals a satellite like 
' 

structure with dark band by which it can be demarcated from other members 

of the complement. Besides this constriction, four deep and one' light bands 

are present in· the same chromosome. In the chromosome 'No.2:, six dark bands 

of various widths are visible, while chromosome No.3 shows six clear dark bands 

of equal widths. Chromosome No.4 has two large dark bands, covering three 

fourths of the length of the chromosome and a narrqw dark band in between 

them. Chromosome No.5 exhibits a large dark bands and two narrow bands, 

whereas chromosome No.6 has three dark bands. The heteromorphic X and 

Y have their . characteristic banding patterns. The x· chromosome shows two 

dark bands of .different widths separated by a light band, while two dark bands 

of 'equal widths· -are separated by a comparatively narrow dark band in the Y 
' chromosome. 

2. Cahara juga tori a 

(Plate 50, Figs. 2, 2a) 

In Cahara jugotoria, G-banded chromosomes were studied from sper

matogonial metaphases. This species also has typical diploid count of 14 chromo

somes and XY sex chromosome system in the male. G-banded karyotype and· 

diagrammatic representation of the bands are shown in Figs. 2 _and 2a respectively. 

Chromosome No.1 has a satellite like extra element with a light band and two 

large dark bands which are separated by two narrow dark bands. Chromosome 

No.2, hDV>!,ever, has two large bands and a narrow dark band present in between 

them, while chromosome No.3 shows five light bands only. Chromosome No.4 
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has two light and two dark bands, whereas chromosome No.5 exhibits two dark 

and a light bands of which dark telomeric band is very conspicuous. One member 

of the chromosome pair No. 6 reveals two dark bands, while another is faintly 

stained. The X and Y chromosomes are heteromorphic. The X chromosome 

shows one dark telomeric band, whereas Y chromosome is uniformly darkly 

stained without apparently distinguishable bands. 

3. Compastes bhutanicus 

(Plate 50, Figs. 3, 3a, 4, 4a, 5, 5a) 
' 

In Compastes bhutanicus, G-bands were studied in spermato-

gonial and diakinesis stages. This species shows typical pentatomid count of 

14 chromosomes with XY sex chromosome system in the male. G-banded karyo

type and diagrammatic representation are given in Figs. 3 and 3a respectively. 

Chromosome No. 1 shows two dark bands, covering about three fourths of its 

lengths. Chromosome No.2 is characterized by the presence of a heavily stained 

terminal heterochromatic block, while chromosome Nqs. 
1 

3 & 6 have single 

dark band each at one end only. Chromosome No. 4 is uniformly darkly stained 

without: apparently distinguishable bands. One member of the chromosome 

pair No. 5 has ~ terminal heterochromatic block, while another member is 

uniformly darkly stained. The X and Y chromosomes are heteromorphic. While 

the X bhromosome is entirely heterochromatic, the y· chromosome is lightly 

stained 'and did not r.eveal any bands. 

G -bands were also found consistently in the diakinesis stages. G-banded 

bivalents and sex univalents and their diagrammatic representations are presented 

in the Figs. 4, 4a, 5, 5a. All the autosomal bivalents show well differentiated 

G-banding patterns. The X and Y chromosomes are, however, entirely hetero

chromatic in some . plates (Figs. 4, 4a), while they show characteristic bands 

in other plates. The X chromosome is characterized by a large terminal hetero

chromatic block and a small dark band; whereas the Y chromosome has two 

narrow dark bands of unequal widths. (Figs. 5, 5a). 

4. Chrysocoris s tollii 

(Plate 51, Figs. 6, 6a, 7, 7a, B, Ba) 

In Chrysocoris stollii, the diploid count is 1 2 with XY sex chromosome 

system in the male. Both C- and G-banded chromosomes were encountered 



Fig.6. 

Fig.6a. 

Fig.7. 

Fig.7a. 

Fig. B. 

Fig.Ba. 

Fig.9. 

Fig.9a. 

PLATE 51 

Explanation. of Figures 

C-banded karyotype. of Chrysocoris stoUii. 

Diagrammatic representations of the bands. 

G-banded karyotype of C. stollii. 

Diagrammatic representation of the barids. 

G-banded chromosomes of early prophas.e stage. 

Diagrammatic representation of the bands. 

G-banded karyotype of Cle tus sp. 

Diagrammatic representation of the bands in diploid set of 

chromosomes. 
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in this species. Figs. 6 & 6a show C-banded karyotype and diagrammatic repre-. 

sentation respectively. Chromosome No.1 is characterized by two dark telomeric 

bands and an interstitial light band, while chromosome No. 2 has two dark 

telomeric bands only. On the other hand, C-heterochromatin blocks are present 

in the terminal and subterminal regions of the chromosome No.3. Only a faint 

band is present in the chromosome No.4, while chromosome No.5 is characterized 

by one dark and a light bands of equal widths; one in each end of the chromosome. 

The X chromosome reveals five dark bands of different widths, while the Y 

chromosome is entirely heterochromatic. 

G-banded karyotype and diagrammatic representation are presented 

in the Figs. 7 & 7a respectively. Chromosome No.1 is characterized by three 

dark bands of which one is larger than other two, while chromosome No. 2 

has one dark and one light telomeric bands. Chromosome Nos. 3 & 4 have 

three dark bands each , of which one broken band is present in the chromosome 

No.3. Chromosome No. 5 is uniformly darkly stained. In contrast to the five 

bands found in the C-banded X chromosome, orily two bands : a dark and a 

light bands are encountered in the G-banded X chromosome. However, the 

Y chromosome is found to be entirely heterochromatic as in C-banded plate. 

G-banded chromosomes were also found in the early prophase stages. 

G-banded chromosomes and their. diagrammatic representation are presented 

in the Figs. B & Ba respectively. Autosomal bivalents are characterized by 

well differentiated G-bands. The X chromosome has two dark bands, while 

the Y chromosome is entirely heterochromatic. 

Family Coreidae 

5. Cletus sp. 

(Plate 51, Figs. 9, 9 a) 

Cletus sp. had diploid count of 1 B chromosomes, including a pair of 

m-chromosomes and an x 1x 20 sex chromosom~ ~yste~ i~ the male. G-band~~ 
- - ·- • [ 'I' • -- '. ,-: 

chromo,somes were studied . from sperm];!togonial rmet_ap.hase stages. Bande9 



Fig.1 o. 

Fig.10a. 

Fig.11. 

Fig.Ha. 
I 

' Fig.12. 

Fig.12a. 

Fig.13. 

Fig.13a. 

Fig.14. 

Fig.14a. 

PLATE 52 

G-banded chromosomes of &akinesis stage in Dalader acuticosta. 

I 

Diagrammatic representation of the banded chromosomes. 

G-banded chromosomes of diakinesis stage in D. acuticosta. 

. Dia"grammatic representation of the banded chromosomes. 

C-banded karyotype of Petillia patu!licollis. 

Diagrammatic representation of the banded chromosomes. 

G-banded karyotype of P. pa tu!licol!is. 

Diagrammatic representation of the banded chromosomes. 

C-banded chromosomes of diakinesis stage in 

P. patullico!lis. 

Diagrammatic representation of the banded chromosomes. 
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karyotype and their diagrammatic representations are presented in the Figs. 

9 & 9a respectively. The analysis of karyotype shows that the members of 

pairs No. 1, 2 and 6 differ in G-banding patterns. They have homologpus as 

well as' non homologous regions. On the other hand, p!!irs No. 3, 5 and 7 are 

uniformly darkly stained without apparently distinguishable bands. One member 

of the: chromosome pair No. 4 is also uniformly darkly stained, while another 
I . . 

member is lightly stained. Similar situation has been encol)ntered in the m-pair 

also. The X 1 and X 2 "chromosomes did not reveal any bands and were uniformly 

darkly stained. 

6. Dalader acuticosta 

(Plate 52, Figs. 10, 10a, 11, 11a) 

In Dalader acuticosta, the diploid chromosome number is 21(1B+2m+XO). 

In this species, only G-banded diakinesis stages were available for study. Bended 

bivalents are presented in the Figs. 10, & 1 Oa and their diagrammatic represen

tations are shown in the Figs. 11, 11 a. The autosomal bivalents are characte

rized by the well differentiated G-bands. They are usually present in the termi

nal ends of rod or cross-shaped bivalents. Interstitial bands are also present 

in the most of the bivalents. Heterochromatic blocks are present in the chias

matic regions and terminal ends of bivalents No. 1, 2, 3, 4, 5 & 7 (Fig.11). 

,The m-pair did not reveal any bands, while the X chromosome found to have 

a dark band in some plates (Figs. 10, 1 Oa) and is uniformly darkly stained in 
·, 

others (Figs. 11, 11 a). 

7. Petillia patUllicollis 

(Plate 52, Figs. 12, 12a, 13, 13a, 14, 14a) 

In Petillia patullicollis, diploid chromosome number is 2B(24+2m+X1X 20) 

Both C- and G-banded chromosomes were studied in this species. C-banded 

karyotype and diagrammatic representation are presented in the Figs. 1 2 & 

12a respectively. Two telomeric C-bands are present in each of the 1 2 pairs 

of alltosomes, while the m-chromsomes are faintly stained and did not reveal 

any bands. Besides telomeric bands, interstitial bands are also found in the 

chromosof!le nos. 6 and 7. · Of the _two sex chromosomes, thl' X 1 is heterochro

matic, while X 
2 

is faintly stained. 
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G-banded karyotype and idiogram are given in the Figs. 13 & 13a 

respectively. Two telomeric bands are present in each of the 1st, 4th, 5th 

and 1Oth chromosomes, whereas each of the 6th, 7th and 9th chromosomes 

have two comparatively large telomeric bands. On the other hand, an interstitial 

band along with two telomeric bands are present in each of the 2nd and 3rd 

chromosomes, while chromosome No.B has a large dark band extending from 

the telomeric end to three fourths of the length of the chromosome. Chromo

some No. 11 and m-chromosomes did not reveal any clear cut bands. The 

X 1 and X 2 chromosomes are uniformly stained without apparently distinguishable 

banding patterns. 

C-banded chromosomes were also encountered in the diakinesis stages 

(Figs 14 & 14a). Four C-bands are present in each of the 1st, 2nd, 7th, Bth, 

9th and 11th bivalents, where chiasmata are not completely terminalized, 

while only two terminal bands are found in the rod shaped 5th bivalent. Three 

C-bands are observed in each of the 3rd, 4th, 6th, 1Oth and 12th bivalents. 

The m-chromosomes did not reveal any band~. Two telomeric bands are, how

ever, present in each of the X 
1 

and X 
2 

chromosomes. 

B. Ochrochira granulipes 

(Plate 53, Figs. 15, 15a, 16, 16a & 17) 

Ochrochira granu!ipes shows typical coreid count of 21(1B+2m+X0) 

chromosomes. In this species, both C- and G-banded spermatogonial metaphase 

chromosomes were studied· in, the. testis preparation. C-banded karyotype and 

diagrammatic representation are ·presented in the Figs. 15 and 15a respectively. 

Each of the- nine pairs of autosomes shows C-bands at two telomeric ends. 

The m-chromosome, also have two telomeric C-bands. The X chromosome, 

on the other hand, is characterized by the presence of two telomeric and 

an interstitial C-bands. 

Figs. l6&l7- show G~b~~ded karyo.types and. diagrammatic: representation 

_· is presented in the Fig. 16a. All the c.hromosomes reveal considerably 

well differentiated G-banding pattern. Of the autosomes, chromosome No.1 

shows five bands of which two bands are in the telomeric regions and two 



Fig.15. 

Fig.15a. 

PLATE 53 

Explanati!ln of Figures 

C-banded karyotype of Ochrochira granulipes. 

Diagrammatic representation of the banded chromosomes. 

Figs.16&17. G-banded karyotype of 0. granulipes. 

Fig.16a. Diagrammatic representation of the banded chromosomes. 

Fig.1 B. G-banded karyotype of Anoplocnemis phas'iana. 

Fig.1Ba. Diagrammatic representation of the banded chromosomes. 

Fig.19. G-banded karyotype of Acanthocoris sp. 

Fig.19a. Diagrammatic representation of the banded chromosomes. 



tl ~· : J ~ ~ ~ .~ ~ ~ ~ . u 
I 

I ~ ' u ~ ! 
• I • ' 

I 
3 4 5 ,.... ' . ) 2 I 

r 1 i )234567 8 9 m X 1 s . l e u II tA )\ 
x I m I 6 7 8 9 

15a 15 

' (' r~ 
• c r1 [ 1 ! I [ ~ 

I, ~ I I I i . ' L . . . ' . • • I 
3 4 5 I w • .. • • 16 1 2 

I .. iJ .• J 

1 2. 3 4 5 6 7 8 9 m .X If ta .. ' ·~ 
,, ) : 

6 7 8 9 m X 16a 
1_6 

.. ! ... 
~ .. 1 ,. )Q '. ~ • l ~ .l I .• 

I] 1 2 3 4 5 

(~ 
-~~ tr ,~ 

·~ c~ ·u • ' i 6 7 8 9 m X i 

17 

?o r(l ;1 : \ IH ~ • I t 
' I 

' 
I ~ I ) 2 3 4 ~ ~ ~ 8 ~ I ' IZ ' 

·1.f u· j ( 1 ) 2 3 4 5 6 7 X 

5 6 7 X .I 18a 
18 

I) ( tr (, ' fl ,(' )} .. ' ., 
·····~·i;~ 1 2 3 4 5 6 :I 

:;;I~J~I ! 
' 

I I "' • • I lJ ("'/ 't' (I ~'; n , 1 

5 6.1 8 9 10 11 x1 X2 
' ' ] 2 3 4 I I 

•, 
~ ' 7 8 9 JO 11 x1 xz 19a ~ 

'19 ~ 



. 110 . 

fine bands are present in between a telomeric and an interstitial bands. While 

chromosome Nos. ··.z and 5 have three bands each, the width of the interstitial . . . 

band is comparatively large in the former chromosome. One dark telomeric 

band and two ·inconspicuous light bands are present in the 3 rd chromosome, 

whereas two dark telomeric bands are present in each of the 6th, 7th & 9th 

chromosomes. The 8th ch romosorne has three bands of which one faint inter

stitial band is present in between two telomeric bands. The m-chromosome 

also shows two dark telomeric bands. The X chromosome, however, has one 

large and two narrow bands in contrast to the three bands of equal widths 

present in the C-banded X chromosome. 
I 

9. Anoplocnerilis phasiana 

(Plate 53, Figs. 18, 18a) 

In Anoplocnemis phasiana, the diploid chromosome number is 15(14+XO). 

Fig. 18 presents a G-banded karyotype and Fig. 1Ba shows the diagrammatic 

representation of the bands. Of the autosomes, chromosome No. 1 is characte

rized by the presen'ce of a heterochromatic block in one end of the chromosome 

and by ten bands of different widths and intensities, while chromosome No. 

2 has five bands of which two prominent. dark bands are located in the telomeric 

ends. Chromosome No. 3 is characterized by a secondary constriction like 

structure, two dark telomeric bands and an interstitial band. In the 4th chromo

some, only two inconspicuous bands are present, while two telomeric and an 

interstitial dark bands are found in the 5th chromosome. Two large dark bands 

are present in the chromosome No. 6, covering almost whole length of the 

,chromosome, whereas chromosome No. 7 and the X chromosome are uniformly 

darkly stained without apparently distinguishable bands. 

10. Acanthocoris 

(Plate 53, Figs. 19, 19a) 

Acanthocoris sp •. has diploid count of 24(22+X 1 x2 0) chromosomes. 

Figure 19 shows G-banded karyotype and Fig. 19a presents diagrammatic repre-

sentation of bands. Among the autosomes, each of the chromosome Nos. 

1 and 3 shows two dark telomeric and two inconspicuous interstitial bands. 
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Chromosome Nos. 2, 4 and 5 are characterized by the presence of heterochro

matic blocks. While chromosome No. 6 has two telomeric and an interstitial 

bands, only two telomeric bands are present in the chromosome No.1 0. Three 

large dark bands are found in chromosome No.B.A satellite-like structure along 

with two telomeric bands are present in each of the chromosome Nos. 7 and 

9. The telomeric bands are very large, covering almo.st whole length of the 

latter numbered chromosome. The m-chromosome is characterized by a dark 

and a light bands. While the x1 is uniformly darkly stained, the X 
2 

is lightly 

stained. 

Family Alydidae 

11. Leptocorisa acuta 

(Plate 54, Figs. 20, 2Da, 21, 21 a) 

In Leptocorisa acuta, the diploid chromosome number is 17(14+2m+X0). 

In this species, both C-and G-banded chromosomes were studied in the spermato

gonial stages of the testes preparation. Fig. 20 depicts C-banded karyotype. 

Fig. · 20a shows diagrammatic representation of the bands. The m-chromosomes 

were very faintly stained in the chromosome preparation so they were excluded 

from the karyotype. Chromosome No. 1 , reveals a coheterochromatin block 

in the interstitial region in addition to other bands. Wl)ile two telomeric C

bands of different widths are present in each of the chromosome nos. 3, 4, 

5 and 6, three inconspicuous C-bands are found in chromosome no.2• On the 

other hand, chromosome no, 7 has three dot-shaped as well as a telomeric 

' C-bands. The X chromosome also shows inconspicuous C-bands. 

G-~anded karyotype is presented in the Figure 21, while Figure 21a 

shows diagrammatic representation of G-bands. The faintly stained m:chromo

somes were not incorporated in the karyotype. - All the chromosomes are chara

cterized by well differentiated G-bands. ·Among the autosomes, chromosome 

no. 1 has a satellite like structure and five dark bands of which two bands 

are located in the telomeric regions. Chromosome No. -2 has five dark and 

three light bands, whereas five dark bands are present in each of the chromo

some nos. 3 and 5. Chromosome no. 4 exhibits three dark bands, while four 



Fig.2D. 

Fig.2Da. 

Fig.21. 

Fig.21 a. 

Fig.,22. 

Fig.22a. 

Fig.23. 

Fig.23a. 

Fig.24. 

Fig.24a. 

Fig.25. 

Fig.25a. 

PLATE 54 

Explanation ~f Figures 

C-banded karyotype of Leptocorisa acuta 

Diagrammatic representation of the banded chromosomes. 

G-banded karyotype of L. acuta. 

Diagrammatic representation of the banded chromosomes. 

G-banded karyotype of Riptortus pedestris. 

Diagrammatic representation of the banded chromosomes. 

G-banded karyotype of Lohita grandis. 

Diagrammatic representation of the banded chromosomes. 

G-banded chromosomes of diakinesis stage in L. grandis. 

Diagrammatic representation of the banded chromosomes. 

G-banded karyotype of Iphita limbata. 

Diagrammatic representation of the banded chromosomes. 
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bands of different widths are present in chromosome no. 6. Further, each 

of the chromosome Nos. 2-6 has two telomeric bands. Two heterochromatic 

blocks are located in the telomeric ends of chromosome no. 7 and the X chromo

some is characterized by the presence of three bands of which two are located 

in the telomeric regions. 

1 2. Riptortus pedestris 

(Plate 54, Figs. 22, 22a) 

Riptortus pedestris shows diploid count of 13(10+2m+X0) chromosomes. 

In this species, G-banded spermatogonial metaphase chromosomes were studied 

in the testis preparation. Figure 22 exhibits G-banded karyotype. Figure 

22a shows diagrammatic representation of the G-bands. Faintly stained m-chro

mosomes were not incl~ded in the karyotype. Of the autosomes, chromosome 

no.1 is characterized by four dark bands, while chromosome no. 2 shows seven 

bands. Chromosome No. 3 has one dark and three light bands. Chromosome 

no. 4 is characterized by a large dark band, 'whereas two dark bands of equal 
' 

widths are present in the terminal ends of chromosome no.5. The X chromo-

some is uniformly darkly stained without apparently distinguishable bands. 

Family Largidae 

13. Lohita grandis " . -~ _,. . , 

(Plate 54, Figs. is:- 23a, -24 .. 24a) 

In Lohita graruiis, the diploid chromosome number is 15(12+2m+XO). 
- ;-, . .~ .. ~ '\_ - '- .._.., ' ]' ~-,:_ r.v- I I 

In this- speqles; G~banded ,chromosomes Wf!re, _!!tudied . in the ~_sperf!!afogoni~J-' 
• -- -'"~~-- '(:r":..,...:._ .. --~- ., .=!!" - ·r.""""J• - - -~ - "' • ..... _,., • ;. 

-;;Ad diakin~:ili''stages. Figure 23 -depicts G-banded karyotype. - Figure 23a 

shows diagrammatic representation of the bands. Among the autosomes, 

three dark bands of different widths are present in the chromosomes nos. 

1, 3_, 4, 5 and 6, while chromosome no. 2 is characterized by two dark and 

two light bands. The m-chromosome shows a dark and a light bands. Two 

dark bands, of which one is very large, are present in the X chromosome. 
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The meiotic bivalents also found to have well differentiated G-banding 

patterns. Figure 24 shows G-banded chromosomes of diakinesis stage. Their 

diagrammatic representations are given in Figure 24a. Four intense G-bands 

are ·usually found in the four ends of cross-shaped bivalents (nos. 1 & 4)1 

while two (no. 3) or three (no. 6) bands are observed in rod shaped bivalenta. 

A ring bivalent (no. 5) has four dark and a light bands. Two separate m-chromo

somes have different banding patterns, one of them shows two dark bands 

while another is. lightly stained. The X chromosome is characterized by four 

narrow bands in contrast to the one large and one narrow bands shown by 

the X at spermatogonial metaphase. 

14. Iphita limbata 

(Plate 55, Figs. 25, 25a). 

The diploid count of Iphita limbata is 15(12+2m+XO). 'In this species, 

all the chromosomes of spermatogonial metaphase stage show well differentiated 

G-banding patterns. Figure 25 depicts G-banded karyotype. Figure 25a shows 

diagrammatic representation of the banded chromosomes. Three dark bands 

are present in each of the chromosome nos. 1 and 6, while chromosome no. 

2 has two light and a prominent dark bands. On the other hand, chromosome 

no. 3 has two dark and three inconspicuous dotted bands. While chromosome 

' nos. 4 and 5 have two dark and a light bands each, the m-chromosome did 

not reveal any bands. The X chromosome is characterized by three dark 

bands. Further, it has been observed that bands are preferentially located 

in one or both ends of the chromosomes. 

15. Physopelta gutta 

(Plate 55, Figs.26, 26a) 

Physopelta gutta contains 17(12+2m+X 
1 

X 
2 

Y) chromosomes. In this 

species, G-banded chromosomes were encountered in the spermatogonial meta

phase stage. G-banded karyotype is presented in the Figure 26. Banded chromo

somes are represented diagrammatically in the Figure 26a. The faintly stained 
I 

m-chromosom~s were not incorporated in the karyotype. Among the autosomes, 

singie terminal heterochromatic blocks are present in each of the chromosome 

nos.· 1, 2 and 6, while chromosome no 3 shows two terminal G-bands. Chromo

some nos. 4 and ·5 have two large dark bands each. The sex chromosome, 



Fig.26. 

Fig.26a. 

Fig.27. 

Fig.27a. 

i 
Fig,28. 

Fig.29. 

Fig.29a. 

PLATE 55 

. Explanation of Figures 

G-banded karyotype of Physopelta gutta. 

Diagrammatic representation of the banded chromosomes. 

I 

G-banded chromosomes of diakinesis stage in Physopelta 

quadrigutta. 

Dia9rammatic representation of the banded chromosomes. 

G-tianded chromosomes of diakinesis stage. in Physopelta 

sch!anbuschi. 

G-banded sex chromosomes in P. gutta, P. quadrigutta and 

P. schlanbuschi. 

Dia·grainmatic representation of the sex chromosomes in 

P. ·gutta, P. quadrigutta and P. schlanbuschi. 
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X 1 X 2Y, are heavily stained throughout their length and did not reveal any 

bands. 

16. Physopelta quadrigutta 

(Plate 55, Figs. 27, 27a) 

In Physopelta quadrigutta, the diploid chtomosome number is 17 (12+2m 

X 1 X 2 Y). In this species, G-banded chromosomes were observed in diakinesis 

stage. Figure 27 shows G-banded bivalents and univalents sex chromosomes 

and their diagrammatic representations are presented in Figure 27 a. Three 

dark and a light bands are present in bivalent no.1, whereas single dark and 

inconspicuous light bands are found in each of the 2nd, 4th, 5th and 6th biva

lents. 3rd bivalent shows five dark bands, while two terminal dark bands 

are also present in the small m-chromosome pair. The x1 and X 2 are uniformly 

darkly stained, but two large dark bands are present in the Y chromosome. 

17. Physopelta schlanbuschi 

(Plate 55, Figs. :2-a-;- 28a, 29, 29a): 

Physopelta schlanbuschi shows diploid count of 17(12+ 2m+X X Y) 
1 2 

chromosomes. As in previous species, well differentiated G-banded chromo-

somes were encountered in diakinesis stage only (Figs. 28, 2Ba). Among the 

autosomal bivalents, besides other bands, single heterochromatic blocks are 

present in the terminal ends of each of the 1st, 2nd and 3rd bivalents. Single, 

comparatively smaller, interstitial heterochromatic block is also found in 

the 2nd bivalent. Bivalent No. 4 shows three dark bands, while two dark 

bands are located in the terminal ends of the 5th bivalent. Inconspicuous 

G-bands are present in the 6th bivalent and in m-pair. The 
1
sex chromosomes, 

X 1 , X 2 and Y, exhibit well differentiated G-bands. The X 1 has three dark 

bands of which two are present'. i~ the interstitial regions and one in the terminal 

region.the Y chromosome reveals three·bands: one interstitial and two telomeric 

bands. The X 2 is , however, uniformly darkly stained. Thus, on the basis 

of G-banding patterns, it is possible to demarcate two identical sized marker 

sex chromosomes. 



Fig.30. 

Fig • .30a. 

PLATE 56 

Explanation of Figures 

G-banded karyotype of Spilostethus hospes. 

Diagrammatic representation of the banded chromosomes. 

Figs.31.3Z. 33 G-banded chromosomes of diakinesis stage in S. hospes. 

Figs ... 3la, 32a & 33a. Diagrammatic representation of the banded .chromosomes. 



·' 

~~ ' . '~ I 
......_ 

_:)~ (t 

H 
' : C1• i I I 

~ 
j II I i 1 2 

1 ~< lt 
I 5 6 

30 

~ 
I 

·' n 
,J. ' • 

' \. ' •• \ 

1 2 3 4 5 

31 .• 

I • -- \ .... .,.; 
\ rl '~ ,. 

I ' a I 

<~'' I 
I I 

1 2 

I 

·~ ' 
3 4 

32 

' <' 1r-~ ' , ,., 
. ~ ' ~ 
' - ' ' 

L__ ]· 2· 3 4 

33 

; ~ m 
3 4 

ii = .. 
·~· ~ I 

3 4 5 6 X y •I 1 2 
~ ; 

X y I· 

30a 

I· 
I 

{~ I . ~!~~ 6 I • • 
6 . X y 11 2 ·3 4 ·s 6 X y ; 

• J 

31a 

.. · x~o1t..! 
5 ~6 

I 
X y II ] 2. I 3 4 5 6 X Y) 

32a 

f' 
,_ 
) I . I~ I. 

5 6 X Yl ] 23456XY 

· 33a 



Comparative study of the G-banded sex chromosomes in three 

-~pecies of ~hy~apeltq -:nz .• ~P.gutt;:-P.qu_adrigutta and P.schlan!luschi~showS:that-ifie 
X 1 X 2 and Y chromosomes in each of the three species have charaCteristic 

banding patterns. Figure 29 depicts G-banded X 1 X 2 Y Chromosomes of 

p. gutta, P. quadrlgutta and P. schlanbuschi. Figure 29 a shows diagrammatic 

representation of the banded chromosomes. In P. gutta, the x1 exhibits a

satellite-like structure with a narrow dark band, while two dark and three 

light bands are present in the remaining part of the chromosome. On the 

other hand, the Y chromosome reveals a constriction in its mid region and 

two large dark bands which cover almost whole length of the chromosome. 

In P. quadrigutta, the X 1 is characterized by two inconspicuous dark bands, 

while a large dark band is present in the Y chromosome. In P. schlanbuschi, 

both X 1 and Y have three dark bands each. While X 1 exhibits a dark band 

in the constricted telomeric end and two other bands in the rest of the 

chromosome, the Y chromosome ·shows two telomeric and an interstitial 

bands. In all these three species the x2 chromosome is uniformly darkly 

stained. 

Family Lygaeidae 

18. Spilostethus hospes 

(Plate 56, Figs. 30, 30a, 31, 32, 33, 31a, 

32a, 33a) 

In spilostethus hospes, the diploid chromosome number is 14(10+2m+ 

XY). 11f this species, both G-banded spermatogonial metaphase chromosome 

and meiotic chromosomes of diakinesis stages were studied. .Figure 30 

presents G-banded karyotype. Diagrammatic representation of the banded 

chromosomes is given in the Figure 30a. Chromosome no.1 shows three 

dark and a light bands of which one dark band is present in the termir~al 

region, while five dark bands are found in the 2nd chromosome. Two dark 
' 

and two light bands are present in the chromosome no.3. On the other 

hand, of the two dark bands found in the 4th chromosome, one band is 

present in the terminal region. In the chromosome no.5, besides an inters

titial dark band, single heterochromatic block is present in the terminal 
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region. Chromosome no. 6 shows inconspicuous light bands. While a dark 

and two light bands are present in the X chromosome, . the Y is uniformly 

lightly stained. 

G-banded meiotic chromosomes were also studied in the diakinesis 
' stages. Figures 31, 32, 33 and 31a, .32a, 33a depict G-banded chromosomes 

and diagrammatic representations of the banded chromosomes respectively. 

All the bivalents and the univalent sex chromosomes show well differentiated 

G-banding patterns. · Single large heterochromatic block is present in the 

terminal region of the bivalent no. 1 (Fig. 31), while two terminal and single 

interstitial heterochromatic blocks are found in bivalent no.1 (Fig.3 2) of 
' 

another plate. However, a small terminal heterochromatic block is present 

in bivalent no. 1 (Fig.33) of yet another plate. Heterochromatic blocks 

are also found in bivalent nos. 2, 3, 5 & 6 (Fig. 3 2), bivalent nos. 2, 4, 

5(Fig. 33). Each of the ring bivalents, however, exhibits single dark band. 

only (Figs. 31, 3 2). The X and Y chromosomes are found to be uniformly 

darkly stained in some plates (Fig.31), while the X chr,omosome shows an 

inconspicuous dark bands and the Y is faintly stained in other plates (Fig.3 2). 

Yet, in some plates (Fig.33), the X is characterized by a constriction with 

a dark band, whereas the Y chromosome is lightly stained. 



DISCUSSION 
I 

Previous attempts to show C- and 

somes have met with but limited success. 
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G-bands in heteropteran chromo

Muramoto (1980) demonstrated 

C-bands in one or both ends of the spermatogonial chromosomes and in 

meiotic bivalents of some heteropteran species namely, Dolycoris baccarum 

(Pentatomidae), Molypteryx fuliginosa (Coreidae) and Spilostethus hospes (Lyga

eidae). The same' author produced G-bands in mitotic and meiotic chromo

somes of four pentatomid bugs (Muramoto 1975, 1978), while he failed to 

show C-bands in other species of Heteroptera (Muramoto 1985). Further, 

G-bands were also demonstrated in somatic chromosomes of triatominae 

bugs, 

Solari 

Rhodnius prolixus 

(1979) reported 

and Triatoma infestans by Maudlin (1974). Later, 

terminal C-heterochromatin blocks in 

autosomes of the latter species. Recently, Camacho et a!. 

the largest 

(1985) have 

produced light C-bands in one end of each autosomes in Nezara viridu!a, and 

1 have suggested that the centromeric activity is preferentially located in 

the·, te!omeric ends of the chromosomes in this species. 
1 
However, Bigger 

(1975) and Bedo (1984) failed to induce C- or G-bands in some lepidopteran 

species, while C-bands are found to be locallzed at the ends of the chromo

somes in the earwig, Labidura truncata (G.C. Webb, personal communication to 

Bedo, ref. Bedo 1984). Further, terminal and interstitial C-heterochromatic 

blocks are reported in Parascaris (Nematoda) (Goday et a!. 1985). In the 

present investigation, we have successfully demonstrated C-bands in the 

spermatogonial chromosomes of four heteropteran species viz., Petillia patu

llicollis, Ochrochira granulipes, Leptocorisa acuta and Chrysocoris s tollii. 

Terminal C-bands are very prominent in first and second-named species, 

whil,; C-heterochromatin blocks have been encountered in addition to the 

terminal C-bands in L. acuta and C. stol!ii. Moreover, interstitial C-bands 

are also found in some of the chromosomes in these species. The. Y chromo

some is found to be entirely heterochromatic in C. stollii, while Muramoto 

(1980) failed to demonstrate C-bands in' the Y-chromosome of D. baccarum. 

The Y chromosome, however, shows a large heterochromatic block in T. infe

stans (Solari 1979). While the X chromosome of C. stollii has several inters

titial C-bands, no detectable bands were found in the X chromosomes of 

other two species. Our findings suggest that the terminal ends of the chromo

somes are rich in centromeric heterochromatin or constitutive heterochromatin 
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since C-banding is generally accepted as a marker of this type of heterochro

matin (Sumner 1972; Hsu 1973). It occurs not only at the centromeric regions, 

but ·also at other sites of the chromosomes (Sumner et a!. 1971; Gropp & 

Natarajan 1972). However, what role the centromeric heterochromatin 

plays in the movement of holocentric chromosomes is yet to be ascertained 

though it is kinetically active in the monocentric chromosome. Therefore, 

it is pertinent to ask whether any relationship exists between C-banding 
< 

and centromeric activity in the holocentric chromosomes which have uniform 

appearance under light microscope and display a variety of different structures 

in the electron microscope. Kinetochore occupies the entire length of 

the chromosome in' Rhodnius (Buck 1967), while it occupies 75% of the length 
' 

of the chromosome in Oncopeltus (Comings & Okada 197.2). These are in stri-

king contrast to the Ruthmann & Parmentier's (1973) observation of localized 
' kinetochore, covering only 4. 2% of the chromosome length in Dysdercus. Kine

tochore plates are, however, absent in Tetronychus urticae (Homoptera) (Tem

pelaar & Drenth-Diephuis 1983) and Pijnacker & Ferwerda (1976) failed 

to produce C-bands in this species. On the other hand, Luzula chromosomes 

were found by Braselton (1971) and Lambert (1971) to have discrete kineto

chore regions spaced along the chromosomes. If each of, these had associated 

heterochromatin the entire chromosome should show an even C-band reaction. 

However, C-bands in L'uzula are localized with bands spaced along the whole 

chromosome le[lgth or near one or both ends of the chromosome (Ray & 

Venketeswaran 1978). Banding stu.dies in Oncopeltus, Rhodnius and Dysdercus 
j ' 

are also needed to clarify the status of centromeres in these species because 
I 

C-bands are found· to be localized in the ends of the chromosomes of those 

species where it has been attempted to date. 

In contrast to mitosis, the· kinetic organization meiotic chromosome 

seems to very different. Kinetochore plate are absent in Oncopeltus (Comings 

and Okada 1972) and Dysdercus (Ruthmann and Permantier 1973), although in 

the latter spindle microtubules appear to end singly in dense spots of kineto

chore material. The lack of kinetochores has been explained by assuming 

sparse distribution of kinetic DNA along the axial system of the chromosome, 

whereas dense distribution of kinetic DNA on a small area results in the 

·formation of kinetochore plate (Nokkala and Nokkala 1985). However, 

the induction of C-bands in the meiotic bivalents of Petil!ia patu!ticol!is 



(present report) and in -allier species of Heteroptera (Solari 1979; Muramoto 
' 1980) suggest the presence of localized kinetochore. The disproportionate 

activities shown by the chromosome ends (Piza 1958) or restriction ·of the 

kinetochore activities in the terminal regions (Schrader 1935; Hughes-Schrader 

& Schrader 1961; Geitler 1937) of the meiotic chromosomes of heteropteran 

species further support our findings. On the basis of experimental and observa

tional evidences, different models have been proposed for ,heteropteran chromo

somes f!amely, diffuse (Hughes-Schrader & Schrader 1961), telocentric (Ruthmann 
. .. 
,Dahll:ierg 1976), diakinetic (Piza 1958), potentially diakinetic (Nokkala & 

·Nokkala, 1985 Y.::~nd monocentric (Manna 1984). But, all these models lack 

sufficient supportive evidences and therefore open··.for further consideration. 
. I 

' G-banding .. ~tudies. have been carried out in all .the eighteen species 

(Table 9). Both spermatogonial and meiotic chromosomes show well differen

tiated banding patterns and the problem of individual chromosome recognition 

has been solved in these species to some extent. Positive G-bands are also 

found to be localized preferentially in the ends of the chromosomes and some 

of the chromosomes have bulk bands or heterochromatic blocks. Furthermore, 

satellite-like structures, which were not detected by or,dinary staining methods, 

are found to be attached to the ends of some of the G-banded chromosomes. 

It seems that G-banding treatments facilitate the detection of such structures. 

However, satellite-like structures were reported earlier in Brachyplatys subaeneus 

(Plataspidae)'(Manna 1951) and Myrmus miriformis (Corizidae) (Nokkala 1985) 

by ordinary staining methods. 

It is therefore evident from the present study that both C- and 

~-bands are localized preferentially in one or both ends of the holokinetic 

chro~osomes of the· heteropteran species. 
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SUMMARY 

1. The chromosome banding studies have been carried out in eighteen 

species of Heteroptera belonging to five families. Results are summa

rized in the Table 9. 

Z. C-bands. are found in one or both ends of the spermatogonial metaphase 

chromosomes, while well differentiated G-bands are also observed 

in the sper'!latogonial and meiotic chromosomes. 

3. Besides terminal C-bands, C-heterochromatin blocks, interstitial C-bands 

·are also encountered in some of the C-banded chromosomes. 

4. Each chromosome has its characteristic G-banding patterns. Positive 

G-bands or bulk G-bands are usually located near the ends of the mitotic 

as well as meiotic chromosomes. Satellite-like structures are also 

encountered in some of the G-banded chromosomes. 

5., Results suggest that the bands are localized pre,ferentially near one 

or both ends of the chromosomes. 
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Diploid and, haploid chromosome numbers and sex mechanism have been c,jetermined in 
12 .species ,Of HeteroptQra viz,, Eusthenes eurytus (2n Cf'- 10+XY) and Ef!sthenes fobustus 
(2n Cf1 = 10 + XY) of the fa_mily Tessaratomidae, Picrome/US sp. (2n a' ,:., 12 + XY), Pla
costernum taUrus (2n di = 12 + XY), Tolumnia /atipes (2n (jl = 12 + XY)· and Eumeflytes 
sp. (2n 0' = 12 + XY) of the family Pentatomldae, Physope/ta gutta (2n 0' = 12 + m -f 
Xt X2 Y) and Physopelta guadriguttata (2n cj1 = 12 +2m+ X1 X2 Y) of the family Largidae, 
Notobitus excel/ens (2n 0' = 18 +2m+ XO). Da/adar p/aniventris (2n ci" = 18 +2m+ 

· XO), Derepteryx hardwicki (2n i:J' =20 +2m+ XO) and Petilfia patul/icol/is (2n.ar =· 
24 + 2m+ XY) of the family Coreidae. Supernumerary chromosomes have been encoun
tered in Picromerus sp. and Eumenotes sp. In all the species, the general cour~e .of 
meiosis is nolmal and the sex chromosomes are postreductionai. 

(Key words: · (Tieiotic chromosomes, sex mechanism, He_teroptera) 
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TABLE 1. Diploid and haploid chrom~some numbers and sex m:chanism in 12 species or 
Heteroptera. (Abbreviations: s ::::o spermatogonial, M[ & Mil - primary and secondary 

spermatocytes, m-chr o=~ microchromosome1 s·chr 12 suPernumerary-chromosome). . - . . . 

Species 

Family-TESSARA TOMIDAE 

1 Eusthenes ~urytus • 
2 Eusthenes robustus 

Family-PENT A TOMIDAE 

3 Plcromerus sp. 
4 Placosternum taurus 

5 Tolutrinia /at ipes 
6 Eumenotes sp. 

Family-LARGiDAE 

. 7 Physopella gutta 

8 Physopelta quadrlg!Jtrala 

Family-COREIDAE 

9 rlotobitus excel/ens 

10 Da/adar planiventris 
11 Dereptetyx hardwick! 

12 Petillla patullicollis 
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