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Abstract 

Twenty species or lady beetles, Hodalia fitfvescens Hoang, Sterthorus tetranychi 

Kapur, Scymnus nuhilus Mulsanl, /Jrumoides lineatus,(Weise), .Jauravia pallidula 

Motchulsky., Pharoscymnus taoi Sasaji, /lids indica Timberlake, Psyllobora 

hi.wJc.:tonolala (Mulsanl), ( 'heilomenes sexmaculata (Fahricius). Cuccinella 

septempunc.:fala Linneaus, Coccine/la lransve,~wlis Fabricius, Harmonia 

octomac.:ulata (Fabricius), Mic.:raspis discolor Fabricius, Micraspis yasumatsui 

Sasaji, propylea quatuordecimpunctata Linneaus, Apomicraspis quayumi Ali & 

Rahman, Ajidenta misera Mulsant, l~iJilachna septima (Mulsant), Hpilachna 

pusillanima (Mulsant) and hpilac.:hna viginfioctopunc.:tata (Fabricius), belonging to 

16 genera of the six sub families; Coccidulinae, Scymninae, Chilocorinae, 

Sticholotidinae, Coccinellinae and Epilachninae under the family Coccinellidae of 

Coleoptera of Bangladesh have been cytogenetically investigated. Detailed 

comparison of karyotype usmg principal components analyses revealed a 

considerable divergence among the 20 species. Sex determining mechanism 1s 

common with a large X chromosome and a minute y chromosome in a 

nonhomologous formation. The lowest number of chromosomes obtained 2n=i4 in 

present investigation from the spcmatogonial cell of Sc.ymnus nuhilus and Ajidenta 

mesera with the karyotype fomula 6AA+ Xy. The species Harmonia octomaculata 

and J{ 1msillanima showed 211= 16 with the Karyotype 7 AA+Xy. Diploid number of 

chromosome in the four species /3rumoides Linea/us, .Jauravia palbdula, p.,yllobora 

hisoc.:tonotata and hpilachna vigintioclopzmctata were 18 with the karyotype 

formula 8AA + Xy in each case. Other 12 species of present investigation have 

shown the modal number of chromosomes 2n=20 with the karyotype 9AA+Xy. X 

chromosomes were sub metacentre 111 the five (5) species Cocc.:inella 

septempunc.:tala, Harmonia oc.:tomc:ulata, Micra.,pis discolor, M. yaswnatsui and 

A.fidenta misera. Other 15 species showed metacentric type or X chromosomosome. 

Variations of centromcric position were found in autosomes of the 20 species. Of the 

autosomes most are metacentric type than submetaecntric and few are telocentric. 
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The ratio of autosomes showed a great diversity. In each case last pair of autosome 

showed minimum value ranged from 5.2 I% in I.!.:. septima to 9.8% in Ajidenta 

misera, while I st pair of autosome showed highest value ranging between I 0.67% in 

PropyLea quaruordecimpunctata to 17.10% in A.fidenta misera. Sex chromosome 

ratio were highest in the total numbers of chromosomes in each species, which found 

.highest 18.82% in scymnus nubiLus and J 8.8% in /.:,JJilachna viginfioctopunctata and 

lowest 12.18% in P.\yllobora bisoctonofata. Chromatographical analysis in 12 

coccinellids, //leis indica, /J,\yllohora hisoctonofafa, cheilomenes sexmaculata, 

Coccinella septempunctata, Cocc:inella transversalis Harmonia octomaculata, 

/'vficmspis discolor, Micra.,pis yaswnafsui, AJidenta misera, Epilaclma septima. 

l:JJi/ac:hna pusillanima and Epilachna vigintioctopuncfafa showed three amino acids 

alanine, lysine and glycine present in high concentration in each species. Aspartic 

acid and glutamic acid were absent in four species of the Epilachninea. Qualitative 

variations of other amino acids were found from species lo species. The highest 

number of amino acids (11) was identified in C. septempuncfata and C. 

trcmsversalis and the lowest number of amino acids (8) were detected in [,_;. septima. 

The present chromalographical analyses showed the qualitative variations in amino 

acid contents from species to species. So it might be assumed that the 11011 

overlapping measurements and ratios of chromosome in different species as well as 

the variations of amino acids composition have effect 011 cytogenetics of ladybird 

beetles. 
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Introduction 

The ladybird beetles or 'Katale-poka' are well known to the people of Bangladesh 

for their scientific importance and prettiness. Many ladybird beetles have bright 

conlrasting colour pattern. Some are red with black spots, others are yellow and 

· black or maroon spots and some have stripes instead of spots and some have no spot 

at all. Ladybird beetles are connected with good fortune in many myths and legends. 

The Lenn 'lady' is in reference to biblical mother mary (Roache, 1960). The red 

colour is said to represent her clock which in early paintings and sculptures was 

usually depicted as being red and the seven black spots represent the seven joys and 

seven sorrows. 

The ladybird beetles comprise a coleopteran-family Coccinellidae. Latreille ( 1810) 

for the first time established the family Coccinellidae. Linnaeus ( 1858) described 36 

species under the genus Coccinefla and since then about 4,500 described species of 

the Coccinellidae have been established worldwide (Booth, 1993). Fowler (19 I 2) 

mentioned about 2,000 species in the world, while according to other sources the 

number of species ranges between 3,500 and 5,000 (Korschefsky, J 931; Sasaji 1968, 

1971; lmms 1977; Pope 1978; lablokoff-Khnozorian, 1979;1982; Majerus & 

Kearns, 1989 and Booth et.al 1990 ). Phylogenetic relationship among the family 

was studied by Hodek (1973). ·r · 

Many species are common. They may be found in almost any habitat from sea-coast 

to mountain top, and from city wastelands to windswept health lands. Almost every 

garden will have at least one species. 

Most ladybird beetles are carnivorous. Many species and aphidophagous in both 

adults and larval stages.The carnivorous lady bird beetles arc frequently the key 

factors in regulating homopteran insects and phytophagous miles (Clausen, 1956 and 

Sweetman, 1958). So, ladybird beetles are of great importance as major natural 
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predators of these pests. A few numbers of the Coccinellidae have been used as 

biocontrolling agents in USA, South Africa, Australia, Newzealand and other 

countries. Currently four species of ladybird mass cultured for the suppression of 

many crop pest (Rabindra, 2002). The main theme of integrated pest management 

(1PM) is to reduce the use of chemical pesticides and utilise biological, plant 

breeding, cropping measures etc. (Grosse-Ruschkamp, 1994). With a view to reduce 

the environmental pollution. 

Another group of coccinellid beetles are phytophagous in habits and causes 

considerable damage to various cultivated plants specially belonging to the family 

Cucurbitaceae, Solanaceae and Papillionaceae, often they completely defoliate the 

plants like bitter gourd (Momoridica charantiia L.), Kakrole (Momoridica cochin 

chinensis speng) and causes serious damage to egg plants I (.mlunum melongenal). 

Tomato (hycopersicum esculentum Mill) and potato (.wlunum tuberosum) and beans. 

A small group feeds on mildew and other fungi . 

Bangladesh has an agro-based economy. The control of pests of agricultural crops, 

fruit-trees etc, is vital to boost up its economy. Global warming has cautioned us and 

the adverse consequences of pesticide use are always alarming and also inducing 

pest out break because of pest resistance and mass propagation. The entomological 

backlashes have compelled the scientists to be concerned with compatible pest 

management programmes. The beneficial Cocconellidae may be an alternative and 

complementary means to insecticidal spray. 

Substantial contributions on the taxonomy of the Asian Coccinellidae were n~ade by 

Kapur ( 1940-'73) mostly dealt with the taxonomy of Indian ladybird beetles. 

Taxonomic studies on the Pakistani coccinellidae were contributed by Ghani ( 1962), 

Ahmad & Ghani ( 1966) and Ahmad ( 1968, 1970, 1973). 
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Moreover there are lists of coccinellids by local workers like Alam ( 1962, 1967). 

Alam et al.( 1964), Kabir (1975). Rahman et al.(1995). First ever species described 

from west Bengal is coccinella suturalis Fabrieius =Brumoides sufuralis (Pabricfus). 

The species was described in 1798. Coccinella dodecastigma Wiedman=EJJilachna 

dodecastigma (Wiedman) (= f~iJilachna pusillanima) is the next species described in 

1823. Mulsant (I 850) in his world monograph on the coccinellidae described 7 more 

species namely Rodalia fumida, Rodalia ruficllis, Coelophora biosellafa, 

Coelophors westernmanii, Calvia dorsonolla, l!-ptlachna grsdaria=AJidenfa 

gnadaria. In 1853 Mulsant added two more species Scymnus (pullu,\) pyrocheilus 

and C1ypfogonus acriasi. Ten years latter Motschulsky (1866) added another species 

Scymmus brennescens. Thus prior to this work 60 species of Coccinellidae were 

known from the state of west Bengal. 

Perior to Mulsants work ( 1846) practically there was no classification for 

Coccinellidae. Since than a number of workers namely Mulsant ( 1850). Crotch 

(1874), Sicard (1907), Dabzhansky (1925),Korschefky(1931)and Bielawsky (1979) 

contributed extensively towards the development of the classification of the family 

Cocconellidae. Sasaji (1967, 1971) put forward a classification in which he noted 

that the Coccinellidae belongs to the coleopteran super family Cucujoidea and 

devided whole family into six sub families namely-Sticolotinae, Chilochorinae, 

Scymninae, Coccidulinae, Coccinellinae and Epilachninae. He treated the subfamily 

Tetrabranchinae (=Lithophilinae) as a tribe lithophilinii and placed the group under 

Coccidulinae. Sasaji's classification was based on the extensive comparative 

morphology of both adult and larvae.) The above mentioned taxonomy is based on 

the traditional alphataxonomy, i.e, based on morphology. No work on the 

cytogenetics and taxonomy of the ladybird beetles have done in Bangladesh. 

Cytogenetics an integrated discipline concerning the study of segregation of heritable 

variation aleing with the multifaceted behavioral pattern of chromosomes during cell 

cycle. The principle of establishment of cytogenelics was laid down with the 
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universal recognisation of chromosomes as a super molecular system and 

cytogeneticists convincingly demonstrated that the chromosomes are the vehicles of 

hereditary materials of an organism from virus to mammals, where each and every 

genclical traits is ordered into one or more chromosomes (Stebbins, l 950). Thus 

chromosome was established as a matter of principle, a complex and highly ordered 

organelles, rather than a random array of genetic units (Benzer, l 955). 

The study encompasses the 'Chromosome Science' in its fundamentals and 

. advancements alongside its implications in various attributes of differentiation and 

evolution (Capanna et. al. 1977; Britton-davidian __ ;, ·. 1990). Chromosome science 

with its great potential of future achievements has become completely a new 

synthetic science due to advancement of technical aspects of bio-chemistry, bio

physics, cell physiology and genetics (Sharma, 1984) Great interest accompanying 

the continued refinement in methodology gave an impetus to our understanding of 

the structure of chromosome from purely a cytogenetical level towards a 

cytochemical and cytophysical analysis (Sharma, 1976). It was a period of most 

rapid coherence of knowledge that biology has ever witnessed. 

The universal occurence of chromosome indicates that there is a clear evolutionary 

sequence in the complexity of the chromosomes from bacteria to the higher organism 

(Shanna and Sharma, 1965). 

The chromosome study has, therefore, attained an utmost importance for 

cytogenetical determinant and in establishing interrelatedness as well as 

phylogenetic pathways between the species (Sharma, 1960, White 1973, Vosa l 977). . . 

Any change more or less pronounced in the speci fie pattern or each genome must 

have some phylogenetic implication and should go a long way in speciation (Patton 

and Sherwood, 1982). 
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Chromosomal differences reflect in general diferences in the genie contents of the 

individuals. The major variations which can be observed from a comparison of 

related species can be divided into: variation in absolute chromosome size; variation 

in basic number; variation in number and position of satellites and variation in the 

degree and distribution of heterochromatic regions. (Shanna, 1976). 

The variations in size may reflect either differences in the number of gene products 

or proteins produced by the individual or duplication of genes which influence the 

rate of synthesis of individual Proteins. Variation in chromosome morphology show 

alternation in gene arrangement. Alternations in chromosome number involve either 

differences in gene arrangement or gene duplication or deficiency or both. 

Chromosomal differences thus reflect differences in the source or gene variation 

while morphological, physiological and biochemical differences indicate variation in 

the products of gene action as modified by environment factor (Stebbins 1966). 

The chromosomes in different organisms as well as in the same cell besides their 

absolute and relative sizes may show a definite individuality in their genomic pattern 

as are evident from their size, shape, position of centromere and in such additional 

features as secondary constriction and satellites (Stebbins, l 950). The Russian 

School of cytologist headed by S. Navaschin, developed the fundamentals of the 

karyotype concept from their observations that most species of living organisms 

· show a distinct and constant individuality of their somatic chromosomes and that 

closely related species usually have similar chromosome complements and which in 

distantly related ones are often recognizably different (Navaschin, 1912). 

Lewi tsky ( J 924, I 93 l) referred the term karyotype as the phenotypic appearance of 

the somatic chromosome in contrast to their genie contents the tem1 ' ldiogram' 

(Navaschin, 1912) is applied to the diagrammatic representation of the karyotype, 

which his son Navaschin Jr, ( 1925) referred for specific picture of chromosome of a 

species without citing any references. A detailed information as to the distinguishing 
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characters by which karyotypes differ from each other was furnished in the classical 

works or Heitz ( 1928, 1932), Darlington ( 1937) and others like Baker el al. ( 1983); 

Hsu ( 1973), Gill el al, ( 1988) and Van Dyk (1990). The following aspects may be 

analyzed from the above basic number of chromosomes, form and relative size of 

the satellites and secondary constrictions, absolute size of the chromosome and 

staining properties, viz. euchromatin and heterochromatin (Stebbins, 1964). 

The chromosome number is an important datum for a species than any other 

characteristics seemed significantly stable to merit taxonomic sign ificance (Garber, 

1978). Thus entire morphological, physiological and biochemical aspects are being 

altered (Sham1a and Sharma 1965; Brinkly and Hittle man 1975; Brown, 1984). 

In different organisms, chromosome is in the centric position of the cytogenetics. 

Flerencio & Saidul(1990) studied the mitotic saliva1y gland chromosomes of Dacus 

dorsalis in the cytogenetical analysis. 

Like other animals many species of ladybird beetles show considerable intra specific 

· variation in the marking of elytra, as well as the head and pronotum. These variations 

were taken by earlier taxonomists (kapur, I 940-73); Miyatake (1959-' 80); Ghani 

( 1962) as sufficient ground for subdividing a species into varieties or forms and for 

giving them different names. Occasionally individuals of the same species having 

distinct markings had been assigned to different species or even to different genera 

(Majerus & Kearns 1989). The marking of variable color patterns are composed dark 

·design or a light (brownish, yellowish, reddish or whitish) back ground. The dark 

pigment is melanin, the light pigments have been found of contain derivatives of 

carotenoids. The carotenes are partly acquired in the food, partly synthesized de 

novo by the coccinellid, probably in co-operation with symbolic carotenogenic 

micro-organisms (Britton <!t al.1977). 

A convenient way of classifying the variation depending on the elytral spot patterns, 

may be really complicated in some species. The beetles are classified according to 
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viz.; Adalia teia.,pilota (Hope), Coccinella-7-punctata Linn. , Coccinella-9-punc.:tata 

1-lbst. , Chilocorus nigritus Fab, Ceilomenes sexmaculata . Fab.Casey (1899) also 

made classical contribution on the Coccinellidae. 

Stevens initiated chromosome studies of this family as early as 1906, only 55 

species have yet been explored cytologically (Bose 1948) and others. 

Amino acid contents in the haemolymph of Bombyx mori L has been isolated by 

Yoshitake and Aruga (1950), Ishimori and Muto (1951) and Drilhon eta!., 

(1951,1952). 

Again the paper reviewed for cytological reports on the Coccinellidae published by 

Smith ( 1953). In the same period with the advancement in chromosome 

methodology, it was reported by Hsu and pomerate ( l 953) that cell swelling and 

inhibitions of spindle formation were accompanied by hypotonic salt solution. 

Later the reports were in hand on the amino acids contents in the salivary gland of 

some insects by Nuoroleva (1955, 1956). Nearer to this period works on coccinellids 

chromosomes were reported by Agarwal ( 1960, 1961) and Smith ( 1960b, 1962). 

While making a survey of the ladybird fauna of the paddy field in the orient, Sassaji 

(1968 b) recorded 33 species of which five species were from East Pakistan. In fac, 

he also described one new species viz. Micra.\pis yasumat.rni. Sassaji in addition lo 

Rrumoides lineatus (Weise) and Micraspid vine/a (Gorham) as new records from the 

territory. 

For the chromosomal studies, the use of drugs like colchicine to separate the 

chromatids of prophase and metaphase chromosomes since the time of Pioneering 

works. Colchicine inhibits mitosis by causing disorganization of spindle fonnation. 
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However, the length of application of colchicine should be limited because long 

application sometimes may cause polyploidy (Prist, 1969). 

Chromosomes of some coleoptera were studied by Dasgupta ( l 972), Dasgupta and 

Chakrabarti ( 1973), Kacker ( 1973) and Saha (I 973). They studied on the 

chromosomal numbers and karyotypes of different species of sub-family, 

Coccinellinae and Epilachninae of the family Coccinellidae. 

Further more, in favor of amino acids separation , more papers were reviewed on the 

enzyme polymorphism of coccieillidae by sasaji and Ohnishi (1973a, 1973b), Sasaji 

( 1974), Tanimoto ( 1975). 

Further, "The chromosomes" by Sharma ( 1976) has given informations on 

chromosomes in different point of view. Protein and polypeptides consist of the 

association in various proportions of some 20 different amino acids attached by 

peptide bonds also have suggested there. 

A vast study on the phytophagous lady birds Henosepilachna vigintioc: tomaculata 

complex was accomplished by kalakura ( 1976). 

Again Sasnji and Hisano (1977), Kuboki (1978) and Sasaji (1981) showed the 

esterase polymorphism and their inheritance in Harmonia axyridis. 

Coccinellids have been very actively studies on the course of the twenty three years 

since "Biology of Coccinellidae" was published The great amount of new, and other 

very important findings have made the previous book outdated and a new synthesis 

is needed. No other monograph of similar focus and extent has appeared lablokoff

Khnozorian 's "Les Coccinelles" ( 1982) limited to the tribes Coccinellinii, and 

Gordon's "The Coccinellidae of Hmirica North of Mexico" (1983) both concentrate 
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on taxonomy. Here also reviewed a check list of Indian Coccinellidae with recorded 

host plants which was published by Anand et al. ( 1988). 

Chromosome number and sex determining mechanism of some Indian Coleoptera 

was studied by Yadav& Dange (1989). Karyological investigations on some Indian 

Coccinellids was perfonned by O.P. Mittal et. al., ( 1989). 

Booth and Pope ( I 989) listed Rodalia breviuscula Muls., Rodalia jc11nida Muls, 

Rodalia sexnotata (muls.), Scymnus coccivora Ayyar (= Scymnus andrewsi) , 

Cocc:ivora Ramkr. Sumnius nubilus and Micraspis discolor (Fab). . Majerus 

& Kearns"ladybirds" (1989) deal specifically with British Coccinellids. 

Tsurusaki el.al. ( 1993), studied the cytogenetics of a big part of the species of the 

Epilachna viginfioctomaculata complex under the subfamily Epilachninae 

Rahaman reviewed the status of coccinellids research in Bangladesh upto 1995. He 

gave an uplodate historical reviewed of on the topic. He listed 52 species of 

ladybirds excluding phytophagous one. Professor Katakura identified four Epilachna 

beetles from Bangladesh. So far no more Epilachna has been found in Bangladesh. 

A details information of coccinellid gained from the study of Ecology of 

Coccinellidea (Hodek & Honek, 1999) Recently, the two spot lady beetle /Idalia 

hipunctata has a great research value lo the latest scientists ( Hemiplinne et al.2000, 

2001; Yasuda etBl.2002; Magro e.t-al, .i002). 

As far the present investigation is concerned, although the lady beetles are well serve 

with reviews, the cytogenetical study is not very plentiful. Moreover reports on 

amino acids in coleoplera is wanting in the present investigation . 

The pertinent literature of amino acid detection in Coccinellidae or even 111 

coleoptera were scattered or shortened in the present studies. 
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ln the backdrops of this historical perspective of the Coccinillids cytogenetics 

worldwide, the present investigation examined the karyo-systematic aspects of these 

various beneficial or harmful ladybird beetles exerting a massive impact in our agro

based economy by compatible pest management, alongside providing a great boon 

to the cytogenetical literatures attributed to the advancement of chromosome science. 

Besides describing the karyomorphometrical analysis, moreover chromatographical 

assessment on the amino acids contents of the species in the context have also the 

important cytogenetical information. Considering the great deal relevance the 

present studies has been initiated. 



CHAPTER - 3 

MATERIALS AND METHODS 
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Materials and Methods 
The present assay for chromosomal delineation in metaphase utilized hypotonic 

salaine for cell exapansions as devised by Hsu and Pallon (J 969) combined with 

colchicine pretreatment and Giemsa / Orcein staining. All the operations were 

perfonned in vivo in the laboratory of the Institute of Biological Sciences, Rajshahi 

University. The protocols have been appl ied to cells obtained from gonodial cells of 

several ladybeetles of 20 species belonging to 16 genera. 

Collection of Beetles 

The beetles constituted for the present cytological investigation comprised of wild 

coccinellids belonging to the Family Coccinellidae of the Order Coleoptera. The 

· beetles were collected from different ecological habitat and niches of Bangladesh. The 

most suitable time for collection of ladybird beetles was from early winter to mid 

summer, but the collecting efforts were made throughout the year. Specimens were 

collected by established methods; eye searching, hand picking, sweeping or beating 

vegetation in cultivated areas, arborala virgin orchards and new forests (GtOr><;l~ 

19~0 and Majerus and Kearns, 1989 ). Some specimens were collected in light traps. 

Occasionally lady birds from the upper canopy of trees collected using locally made 

ladder. 

ldrntificcltion and measurements of the samples of coccinellids beetles 

Specimens were identified following the keys of Weise ( 1892, 1895), Gorham ( 1894b), Ayyar 

( 1925 ), Korschelsky ( 1930, 1931•), Chapin ( 1940, 1962, 1965a, 1965b ), Kapur ( 1942, 1943, 

1946, 1948a, I 948b~,l 949, 1950, 1951 a, 1951 b, 1956a, 1956b, 1958, 1961 a, J 961 b, 1963, 

1966, 1969), Timberlake ( 1943 ), Diek ( 194 7) Kamiya ( 1959, l 960, 1. 961 a, I 96 I b ); Miyatake 

( 1961 a, 1961 b, 1970 1980), Sasaji ( 1967, 1968a, J 968b, 1971, 1994 ); Bielawsky ( 1972, 

1979), Hodek (1973), Chapin (1974), Katakura (1981) loblokoff- khnzorian (1982), Gordon 

& Chapin ( 1983 ), Pope ( 1988 ), Booth et. al. ( 1990 ), Rahman ( 1991 ), Rahman and Ali 

( 1992 ). Standard taxonomic measurements were taken in mm. scale. 

The table I shows an overview account of the coccinellids species brought lo the laboratmy 

for the present cytogenetic survey. 



Table l morpho-taxonomical account of some species or 
lady bird Beetles of the Family Coccincllidae used 
in present investigation 

Species 
(sub-species ) 

Rodalia 
jit!vescens Hoang 

Stethorus 
tetranychi Kapur 

Scymnus nuhilm 
Mulsanl 

Brumoides 
linearus (Weise) 

Jauravia 
pullic/11/a 
Motschulsky 

l'haroscy1111111s 
taoi Sasaji 

Taxonomic status 
and habitat 

Sub fam: Coccidullinae 
Beneficial insects 
commonly found on 
Muraya panicu/ata and 
Bambusasp. 

Sub fam: Scymninae 
Tribe: Stethorini 
Beneficial 
entomophagous insects 
very common m 
collection; like on 
Acadasp 
Sub fam: Scymninae 
Tribe : Scymini 
Beneficial insects 
found in Mang((era 
indica, Moms sp. etc 

Sub fam: Chilocorinae 
Tribe: Platynaspini 
Benificial beetles, 
abundant in the plant 
/l.4oms spp., S0/111111111 

me/011xe11a etc. 

Sub fam: 
Sticholotidinae 
Tribe: Sticholotidini 
World wide 
distribution. 
Sub fam: 
Sticholotidinae 
Beneficial 
enlomophagous beetles, 
mostly found in the 
plants ofjusticia 
genclarussa L Acacia 
sp, Moms sp. etc. 

Brief description 

Hemispherical body 2.5-3.4 mm in length and 
2.25-3 .2 mm m width. Eyes large, convex, 
black, finely faceted and pubescent. Antenne 
eight segmented. Body surface entirely 
testaceous, also concolorous, pronotum broad 
and elytral epioleura entire. 
Small medium size body ranges from 1.2-1 .35 
mm in length ru1d 0 .85-0.9 mm in width. Black 
body shortly oval, broads! in the middle, convex 
moderately,elytral epipleura present. 

Oval body, moderate in size, generallyl.5-2.2 
111111 in length and 1.2-1.4 mm in width. Dorsal 
surface reddish-brown to yellowish-brown. The 
middle of basal area on pronotum with a black 
clear marking. The black marking covering the 
sutural area of elytra. Convergent posteiorly. 

Body 3.4 to 4.25 mm in length and 2.0 to 2.5 mm 
in width , oval body glabrous. Head brown with 
prominent black eyes. Elytra yellowish-brown 
except at their basal, lateral and apical margines. 
Three black villae-a median extending from base 
to apex of elytra, two lateral extend ing from base 
of elytra lo elytra tip Antennae nine segmented, 
brown, bearing small sensory hairs. 

Body broadly oval, small and brown, bearing 
fine deep and close punclalions. Elytra with 
dense pubiscence. 2.2-2.4 mm in length and 1.8-
2.00 mm in width. 

Small short oval body 1.65-2.00 111111 in length 
and 1.28-1.5 mm in width. Dorsum relatively 
strongly convex and pubescent. Head black 
Pronolum and scutellum entirely black. Elytra 
black with two pairs of reddish orrange mark ing 
before and behind. Underside of body dark 
reddish brown pilchy brown. Antennae shorter 
and ten segmented, mouth parts dark brown. 

cont. 
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Jlleis i11clica 
Timberlake 

l'syllobora 
hisoc/0110/afa 
(Mulsanl) 

Chei/0111e11es 
sexmaculata 
(Fabricius) 

Cocci11el/a 
septe111p1111ctata 
Linnaeus 

Sub fam:. Coccinellinae 
Tribe: Psylloborini 
Beneficial predators 
found in all collecting 
localities. 

Sub fam: Coccinellinae 
Tribe: Psylloborini 
Beneficial beetles, 
generally 
aphidophagous. 

Sub fam: Coccinellinae 
Tribe. Coccinellini 
Beneficial, 
aphidophagous. 

Sub fam: Coccinellinae 
Tribe: Coccinellini. 
Beneficial beetles 
found in cultivated 

··----- --- - vegetable areas. 
Coccinel/a Sub fam:Coccinellinae 
fransversalis 
Fabricius 

Ha1111011ia 
oclomaculata 
(Fabricus) 

Micraspis disc/or 
(Fabricius) 

- . 
Micraspis 
ya.rnmat.rni Sasaji 

Tribe.:Coccinellini 
Beneficial beetles 
generally aphid feeders, 
found in cultivated 
areas. 
Sub fam. ; Coccinellinae 
World wide distributed 
entomophagous 
beneficial beetles 
mostly found in rice 
field before ripening. 

Sub fam.: Coccinellinae 
Tribe. Coccinellini. 
Beneficial beetles 
abundant in various 
crops fields. 

Tribe. Coccinellini. 
Beneficial, abundant in 
crops fields. 

Body relatively large, 4.45- 5.5 mm in length 
and 3.6 - 4.00 mm in width, ground colour 
yellowish, less convex and distinctly narrowed 
apical region, pronotum narrowed anteriorly and 
widest at posterior angle and almost white with 
a pair of brownish black spots al its base. 
Upper surface of the body glabrous and shiny 
yellow or pale yellow. Pronotal disc brown and 
elytral suture light brown, elytral margine in the 
configuration of 2-3-2-1; head and pronotum 
light brown, antenna 11 segmented. Body 
generally 2 .6 - 3 .2 mm in length and 2.00-2.35 
mm in width. 
Short oval body, 3.8-5.5 mm. length 3.2 - 4 .6 
mm. width. Some are entirely black and some 
are brownish with parallel black stripes on 
elytrae. 

Oval body with 3.5-5.25mm.in length and 3.0 -
4.0mm in width . Brownish elytra with 7 black 
spots in the configuration of 1-2-2-4; each spot 
nearly round, pronutum black with yellowish 
marking. Head ~nd ventral surfare._b_l_ac_k_. ___ , 
Body rather rounded and convex. Length 6.5-
7. Smm. and width 5.0-6.0mm. Red elytra with 
triangular black marking. Pronotum and head 
black. Ventral surface also black. 

Body 4.5 to 6.25 mm in length and 4.0 to 5.0 
mm in width. Body relatively less rounded and 
convex; dorsum reddish orange or reddish 
yellow with or without black marking. 
Pronotum black in the middle or with one or 
two pairs of black spots; elylron normally with a 
pair each of black, humeral, median and post 
median spots and a sub- apical spot. Suture also 
usually black. 
Hemispherical, glabrous body, 3.6 - 4.4 rnm in 
length and 2.8 - 3. 49 mm in width. Orange
brown elytra with narrow black line along the 
suture. Pronoturn and head black. Under 
surface, dark brown. 

. ·-- . 
Nearly hemispherical body with 4 .00-5 .00mm. 
length and 3.45-3.Smm. in width. Orange elytra 
without any dark area or black suture. Head and 
pronotum yellowish brown. Ventral surface 
entirely brownish 

cont. 
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Propyeia 
q11at11ordec:imp1111 
clafa Linneaus 

* Apomycraspis 
q11ay11111i Ali & 
Rahaman (nearer 
to Micraspis} 

A.fidenta misera 
Mulsant 

J::pilac/ma 
septima Dicke 

Epilac/ma 
p11silla11ima 
Mulsant 

l~i>ilach11a 
l'iJ!,intioctop1111cla 
ta Fabricius 

Sub farn.: Coccinellinae 
Tribe :Coccinellini 
Beneficial insects feed 
on various sp. of aphis, 
found m the plant of 
S0/111111111 me/ongela, 
JJrassica ju11cea etc. 

Sub fam: Coccinellinae 
Tribe: Coccinellini 
Beneficial 
entomophagous beetles 
found in Bambusa sp. 
etc. 

Sub fam: Epilachninae 
Type - Epilachnini 
Phytophagous harmful 
beetles mainly pest on 
bean. 
Sub fam: Epilachninae 
Type - Epilachnini 
Harmful phytophagous 
beetles, serious pest of 
bitter-gourd. Both the 
larvae and adults feed 
on the leaves and 
generally completely 
defoliate. 
Sub fam: Epilachninae 
Type - Epilachnini 
Phytophagous harmful 
beetles generally pest 
on cucumber. 

Sub fam: Epilachninae 
Tribe: Epilachnini 
Harmful phytophagous 
beetles 
abundant in vegetarian 
fields, arborata and also 
in other croos fields. 

Oval body 2.25-4.3 mm in length and 1.75-3.5 
mm in width.Weakly convex,glabrous, upper 
surface brownish, pronotum with a large black 
spot except its lateral margine.Angulate anterior 
comers of pronutum. Elytral base broader than 

pronutum. 

Body elongated sub-oval or 
hemispherical,glabrous,convex, less shining, 
dorsal surface tastaceous, eyes black, head width, 
antenna half as wide as head, maxillary pulp four 
segmented, pronotum wide. Elytra very slightly 
convex above. 2.7 to 2.9 111111 in length and 2.5 to 
2.55 mm in width. 

Smaller in size, grayish-brown in colour. Body 
length varies from 5.2-6.00 mm and width 4.9-
5.5 mm. Pronotal spots generally absent, each 
elytron with 6 spots. 

Body spherical in shape. generally 4.00-7 .5 mm 
in length and 2.5-5 .5 mm in width. The external 
median black spots of the elytra generally not 
touching the external margin of elytron. 

Moderate in size; length varies from 4.5- 7.5 
mm and width from 3.00-5.5 mm. Elytral apex 
rounded, brownish in colour with black spots. 
The external, median black spot of the elytra 
generally touching the external margin of 
elytron; male genetalia with the median lobe 
dentulate dorsally. 
Spherical shaped insects 5.00-8.00 mm in length 
and 3.00-6.00 mm in width. Elytra brown with 
12-24 black spots. Pronotum also brown. 
Ventral surface light brown. 

• Only the proposed name, taxonomically unpublished 
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Laboratory procedures involving testicular tissue 
preparation of coccinellids 

20 

Almost similar general laboratory techniques were employed for all the species of 

ladybird beetles. 

Sex distinction 
It was difficult to distinguish between male and female ladybird beetles. In most species the 

females were slightly larger than the males and there were small differences in shape but 

those criteria were not totally reliable. Careful examination of the inter targal cormective of 

the abdomen of some species of ladybirds revealed sexual differences in most case, those 

were best seen with a low power dissecting microscope. Surprisingly there was no single set 

of criterion for sexing all the species, as each has its own distinctive feature. In some 

species the abdomen was pointed in the female, in other in the male. In some cases the 

cuticular plates were notched in the male, or w1dulating in the female. The only feature 

fotmd in all males and absent in all females that had examfoed, was three curved bands of 

thin flexible dorsal cuticle at the abdominal segments were leathery and broader in male 

(Majereus and Keams 1989).0nly the male beetles were selected for the present 

investigation and the testicular follicles were collected through the dissection of male 

beetles. 

Dissection. 

Male reproductive systems were dissected out by removing the abdominal tergites 

and testiculat follicles were collected for chromosomal preparations. 

Assays for the meiotic metaphase chromosomes preparetion for 
testicular cell of coccinellids. 

The preparation of cellular materials for chromosome analysis of the coccinellids 

consists or the following basic methods as has been indicated earlier. Almost similar 

general laboratory protocols were applied for all the species excepting few minor 
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modifications as and when required in some stages of the procedure. An effort was 
\ 

also made to assimilate various assays to correlate with good metaphase 

chromosome preparation. 

A. Squash method (Darlington & laCour, 1976) 

Testicular follicles were dissected out in Ringer solution (0.65 gm. NaCl + 0.25 gm. 

CaCl2 + 0.02 gm. Nat-ICO3 + I 00 cc. distilled water).. On a drop of I% aceto

orcein (l gm. of orcein stain powder + 22 cc .. glacial acetic acid + 4 cc .. distilled 

water+ 28 cc. lactic acid) or a drop of aceto carmine (0.5 gm. cannine powder+ 45 

cc. glacial acetic acid + 55 cc of distilled water) stain was taken on a slide, a follicle 

of beetle testis was kept for 10 minutes for staining .. Some times a gentle heat was 

applied with the help of a spirit lamp. Then a cover- slip was placed on the stained 

tissue. By placing a piece of blotting paper on the coverslip, the follicle was 

squashed by pressing finnly with the help of a thumb. Then the follicular cells were 

dissociated. Slides were ready to study .. 

B. Air drying technique 

The squash method sometimes were not up to the expectation. So an air- drying 

technique (Crozier, 1968 ) was adopted with some modifications (Mttal et al. 1989 

& Tsurusaki et al: 1993 ). This technique consists the following steps: 

i Pretreatment 

Th selected beetles were pretreated with l % colchicine solution ( I gm. of 

colchicine powder in 100 ml. of distilled water). The beetles were punctured with a 

minuten pin and placed them in a small watch glass containing some colchicine 

solution for about 4 (four) hours at room temperature. 
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for the prevention of spindle formation, suppressmg of cell division and 

chromosomal spreading in testicular cells, it was appropriate lo treat with colchicine. 

ii Hypotonic treatment 

The pretreated beetles were dissected out in the hypotonic soluion of sodium citrate 

( I gm. of sodium citrate powder in I 00 ml. of distilled water) on a grooved slide and 

the desired organ, testicular follicles were transferred to fresh hypotonic solution on 

another grooved slide using a dissecting needle. The hypotonic solution was hanged 

in order to remove any debris. The total hypotonic treatment was allowed not 

exceeding 20 minutes and was carried out at room temperature. 

iii Fixation 

Fo_r increasing nuclear and chromosomal spreading, the selected cells were treated 

with 45% acetic acid in water, which was removed shortly and the material 

transferred to freshly prepared fixative; camoy's fluid (3 parts of absolute methanol 

+ I part of glacial acetic acid ) and leave for 30 minutes at room temperature. 

1v Chromosome spreading 

For the rapid dissociation and good chromosome spreading, the tissue was 

transferred to a drop of 60% aqueous acetic acid on a warmed slide. Slight 

maceration was needed for proper dissociation. 

v Slide preparation 

Another drop of carnoy's fluid was added to the preparation and tilt the slide in all 

directions to ensure a maximum spreading. The slide was then wam,ed gently over a 

name of spirit lamp, which assist dispersion and evaporation. The dried slides were 

placed in acetic ethanol ( I part of glacial acetic acid in 3 parts of absolute ethanol) 

for about 4 (four) hours to reduce cytoplasmic staining. 
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vi Chromosome staining 

A number of chromosome stains were tried with varying degree of success like 

aceto-carmine, aceto-orcein, giemsa stain (J gm. of giemsa powder+ 60 cc. methyl 

alcohol + 60 cc. distilled water ). Staining with I% of aceto- orcein made good 

result. Staining procedure outlined by Imai ( 1966.) was followed to spread the stain. 

A coverslip was placed over the tissue and to spread chromosomes, the tissue was 

squashed with applying pressure on the coverslip by the thumb. Thus the slide 

became ready for chromosomal study. 

vii Mounting 

The stained slides were mounted carefully only with the coverslip, no mounting 

medium was used because the refractive index of canada balsam or DPX does not 

coincide with the chromosomes. So the tissue was mounted by attaching with the 

normal gum or nail polish only surrounding the coverslip. 

The slides were prepared to study the chromosomes and micro-photographed under 

oil-immersion lens. 

viii Karyotypes from micro photographs 

Some of the microscopical slides were photomicrographed to provide some details 

for karyotypic analysis. For karyotyping and microphotometrical analysis metaphase 

was selected on the basis of their technical qualities from well spread metaphase 

plate examined with oil immersion magnification ( x 1000 ). Earlier, a low power 

magnification was used to select spread metaphase and then oil immersion was used 

to photograph metaphase chromosome with a zeiss photomicroscope and a I 00x 

oil immersion objective. 

Photomicrography was meticulously standardized, having taken care as to the 

exposure time in zeiss photomicroscope. 
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The following steps were employed lo make a karyotypc of lhe chromosomes (Prist, 

1969): 

1. Photographs of each metaphase were taken. One photograph was cul apart and the 

other was kept intact for orientation and reforence or to tally with original metaphase 

or for the use in case a cut out chromosome was misplaced. 

2. The individual chromosome was cut out. Jn case of overlapping of the 

chromosomes, the whole configuration was removed together which was separated 

after the other chromosomes were taken apart. 

3.The individual chromosome was glued down in decreasing order of size. That 

complete line up of the chromosome set constitute the karyotype. 

4. · In order to display the karyotype pictorially, the individual metaphase 

chromosome from the photograph were arranged by length and in pairs, later aligned 

in such a way that the centromeres were at the same level and the short anns were 

oriented upward. The karyotypes were prepared by taking photographs once again. 

5. Centromeric fonnula was derived on the basis of Ifs ratio proposed by Levttn 

et al. (1964) 

6. Morphometric analysis was done from direct measurement by ocular micrometer, 

the scale of which was earlier standardized with the stage micrometer. 



Assay for the findings of amino acids composition of 
coccinellids species 

Exlraclion was collected by the preparation of protein hydrolysate as adopted by 

Clark (1963), from the male members of 12 species of the family Coccinellidae. 
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In this experiment, the samples were hydrolyzed by treatment with both acid and 

alkali. Qualitative analysis of the constituents of the hydrolysates was carried out by 

one-dimensional thin-layer chromatography. In this section of the experiment, the 

neutralized extracts were chromatographed on thin-layer chromatographic (TLC) 

plate in a freshly prepared solvent system. The amino acids are located on the 

chromatograms by both the ninhydrin (ninhydrin spray) and iodine reactions (in 

iodine chamber). 

The same materials and method was applied during the present investigation. 

Acid hydrolysis 

About one gm. of whole (a few whole male) coccinellid beetles of the same species 

was taken in a 50 ml. Erlenmeyer flask and l O ml. of 8N H2S04 was added. The top 

of the flask was plugged with cotton and was placed in autoclave under 15 lbs of 

pressure for 5 hours. Then the sample was allowed to cool. The hydrolysate was 

neutralized by wanning the solution with solid barium hydroxide. Afier each 

addition of barium hydroxide a time was allowed for proper dissolution and then the 

next portion was added. Neutrality of the solution was not allowed to exceeded. pH 

paper was used as a pH indicator. This process was continued up to that stage where 

the neutralization was attained to pH 3-4 or higher by adding saturated barium 

hydroxide solution. White precipitate was removed by filtration. The clear solution 

was taken for further analysis. 
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Alkaline hydrolysis 

About another one gm. of the same tissue with IO ml. of boiling water and 6.36 gm. 

of barium hydroxide; Ba(OH)2 . 8H2O was taken in another 50 ml. Erlenmeyer flask 

and in the same way top of the flask was plugged with cotton and was warmed 

gently while most of the Ba(OH)2 was allowed to dissolve. Precautionary measures 

were adopted to avoid the fonnation of barium carbonate (BaCO3). Then the flask 

was also placed in the autoclave at 15 lbs. with the previous one for 5 hours. After 

cooling the solution was titrated by adding about 2.5 ml. of 16N H2SO4. The pH of 

the solution was checked with pH paper after adding acid at each step. When the pH 

was dropped to 10, less concentrated H2SO4 was used, until the expected pH (3-4) 

w~s reached. The solution was centrifuged and was washed twice with 5 ml. portions 

of boiling water. It was then made up to 25 ml.; with distilled water and hydrolysate 

was stored under low temperature for further analysis. 

TLC (Thin layer chromatography) Plates 

For all the runs TLC plates were prepared by spreading an aqueous slurry of finely 

ground solid of silica ( IO gm. in I 00 ml.) onto the clean surface of glass plate. The 

plate was then allowed to stand until the layer had set and adhered tightly to the 

surface. Then the plate was heated in an oven for several hours at 45° C. 

temperature. 

Solvent system ( Clark 1963 ) 

The following solvent system was used for unidimensional TLC: 

n-Butanol : acetic acid : water ( 12: 3 : 5) 

Colour reagent ( Chowdhury 1970) 

Ninhydrin ... ..... . 0.2 % in acetone (w/v) 

Iodine crystal. ..... a layer in developing chamber. 
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Developing procedure for TLC ( Clark 1963 ) 

The TLC plate were developed unidimensionally to placing a drop of the sample 

near one edge of the plate by the side of known standard amino acids and marked its 

position with a pencil. After the sample solvent had evaporated, the plate was placed 

in the ascending way in a closed container saturated with vapors of the developing 

solvent, with care being taken to avoid direct contact between the sample and the 

developer. After the developer had traversed two-thirds of the plate, the plate was 

removed from the container and was dried. The position of the amino acids were 

determined placing the plate in an iodine chamber or spraying with ninhydrin which 

formed colored spots. The color developed in iodine chamber, was vanished 

immediately. Pencil lines were drawn around the individual spots. 

The spots were identified by comparison of their position with those of standards 

which were calculated by Rf values. 

Calculation of Rf values 

Rf values of each spot was calculated by the following formula : 

Distance traveled by the solute (cm.) 
Rf= ---------------------------------------------------

Di stance traveled by the solvent (cm.) 

Rf Values of the extracts' composition were compared to the Rf values of the 

standard amino acids. 



Table 2 Summary of the Experimental procedure for 
Thin layer Chromatpraphy (TLC) 

TLC Plates Silica gel preparation/ Ready plate 

Solvent system: 

One dimension 

Methods 

Temperature 

Distant 

Detection 

n-Butanot: Acetic acid: Water 

(12:3:5) 

Ascending technique in saturated 

chamber 

(28±2)° C 

Was not constant 

Iodine crystal & 

Ninhydrin soltion in acetone 

( I 00°C) 
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CI/APTER - 4 

RESULTS AND OBSERVATIONS 
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Results and observations 

The various tables represent infonnation at several levels of observations: 

chromosome numbers, types of chromosome, number of major arms, arms ratio, 

centromeric indices, relative length of chromosomes. The typical diploid 

complements of each of the 20 species as revealed by meiotic metaphase were 

displayed afler karyotype of each species was prepared from well spread metaphase 

plates. On the basis of the karyomorphometric analysis respective tables were 

constructed and presented as and where required. In all I 5 scoreable metaphase 

plates have been studied for each species revealing the normal diploid chromosome 

complements. 

Other morphometrical data including centromeric positions, fundamental number, 

arm-ratio, relative length of chromosomes have been given species wise. Mentions 

were also made regarding the chromosome numbers with its karyomorphology 

(Table 3). 

Chromosome number and morphology 

The chromosome number and morphology promise to provide cytogenetic 

evaluation of the species under study. The constancy of chromosome number in all 

the species under investigation of 15 cells selected at random for each species, the 

chromosome count was fairly representative of all the normal cells. although the 

morphological and numerical changes were found in few instances, the result might 

be natural or due to handling effect or chemical treatment (Crozier, l 968). 

Rodaliafulvescens Hoang (Table 4, plate I) 

This lady beetle exhibited a consistent diploid number of 20. The karyotype analysis 

revealed that the autosomes were 5 pairs sm, 2 pairs metacentric and 2 pairs 

telocentric. The X chromosome was metacentric and largest while the y 



Table 3 Gross cytogenetical results of the twenty species 
of coccinellids beetles 

·· Name of the - DlJ>loid - Karyomorphology - - --- Numbers of 

species number of 

chromosomes Nos m 

(211) 

Uvclaliaf11/1'esce11s Hoang 20 2.9,X, 

Stethonrs tetrmivchi Kapur 20 7.8.9 X 

Nos sm 

1.3,4.5,8 

1,2.J.6 

Nost 

6.7 y 

-- y 

amino acids 

detected 

30 

- --------- ----l-------1f--- - ·---------·------•---------' 
Scy1111111s 1111hi/11s Mulsant 14 1.2,3.5,6, X 4 

/Jr11111oicles li11ea111s (Weise) 18 

Jaurm•in p11/licl11/n 18 

Motschulsky 

Phnro.~cy1111111s lnoi Sasaji 

lfle1s i11dica Timberlake 

l'.~vllobora bisocto11otnlt1 

(Mulsanl} 

Cheilomenes sexmaculata 

(Fabricius) 

Coccine/ln septe111p1111c1n1a 

Linm1cus 

Coccinelln lrm1.wer.mlis 

Fal>ricius 

lfm·111011ia octo111ac11/atn ( 

(Fal>ricus) 

1\/icraspis disc/or (Fril>ricius) 
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chromosome_iwas smallest of the complemement Centromeric position on ychrosome 

was indistinct. or the AA the largest chromosome measured 4.5 µm while was 

2.39~tm (Table 4 and Fig a in Plate J ).The length of the X and the Y the smallest 

chromosome were 5.17µ.m and 0.98~tm respectively. The relative length showed a 

range between 0.13 to 0.06. Arm ratios of the sm chromosomes varied from I. 97 to 

I. 75 to that of the metacentric and the telocentric from 1.67 to 1.36 and 2.08 lo 2.06. 

The centromeric indices ranged within 42.36 to 32.38. 

Stethorus tetranychi Kapur (Table 5, plate 2) 

The diploid chromosome number of this species is 20 as revealed by the majority of 

the chromosome plates. The karyotype was made by arranging the chromosomes in 

gradual series of length rather arbitrarily. The chromosome had the following break 

up : of the AA 4 pairs are sm , 4 pairs m, and a single pair t as well as the X 

chromosome was m and as usually y is dumble shaped. The morphometric data are 

appended in Table 5 and its karyotype in Plate 2. Tabulated data showed the 

total length of the autosomes varied between 4.45 µm to 2.45 µm while the sex 

chromosomes 5.2 µm for X chromosome and 1.05 µm for y chromosome. The 

relative length ranged from 0.12 to 0.03 in the whole complement. The ann ratio 

and the centromeric indices of the sm chromosomes were between I. 93 to l. 76 and 

36.23 to 34. I respectively. The metacentric pairs in those measurements had 

· indicated between 1.65 to J .34 and 42.7 to 37.7 respectively while those in 

telocentric ones were 2.07 and 32.5 respectively. 

Scymnus nubilus Mulsant (Table 6, plate 3) 

The analysis of the chromosomes of this small species of the ladybird beetles 

revealed a diploid number of 14 unlike the typical forms of the Coccinellidae. The 

karyotypic analysis exhibited the following break up : only a single pair was sub

metacentric and the rest were metacentric including X chromosome. y was as 
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usually without distinct centromere. The mean total length of the largest 

chromosome of the complement measured 4.82µm which was the X chromoso1ne 

chromosome was only J. J O~Lm (Table 6 & Plate 3). Mean total length of the genome 

was 25.61 ~tm. Relative length value ranged from 0 19 lo 0.07 and the value of 

centromeric indices varied from 42.44 lo 36.02. 

Brumoides liueatus (Weise) (Table 7, plate4) 

The diploid chromosome number asigned to this species is I 8 as revealed by the 

majority of the chromosome plates. The karyotype was made by arranging the 

chromosomes in gradual series of length rather arbitrarily (Plate 4). The 

chromosomes had the following break up : 1-7 pairs of autosomes were sub

metacentric and the rest of the autosome and also the X chromosome · were 

metacentric while the y was dumble shaped. The analysis was carried out of I 5 

metaphase plates from 5 individuals. The morphometric data are appended in table 7 

which showed that the mean total length of the autosome varied between 5.29 µ m 

to 3.1 µm while the sex chromosomes measured to be 5.34 µm for X chromosome 

and 1.12 ~tm for they chromosome. The relative length ranged from 0.13 to 0.07 in 

the whole complement. The arm ratio and the centromeric indices of the sub-

. metacentric chromosome pairs 1-7 were between 2.07 to J .85 and 34.85 to 32.36 

respectively. The metacentric chromosome pairs amongst the aulosomes had 

relative length 0.07 whose am1 ratio and centromeric index were I .69 and 37. l 

respectively. The relative length of the metacentric X chromosome was 0.13 and the 

centromeric index and :lm1 ratio were 41.01 and 1.43 respectively while the y 

chromosome was also too smaller to detected the centromere. 





Table 6 

Chrom Mean length 

pair of short arm 

s ± S.E. Jllll 

I l.M ± 0.0065 

2 1.60 ± 0.0048 

3 1.42 ± 0.0055 

4 1.25 ± 0.0072 

5 I. 15 ± 0.0I03 

(, 1.10 ± 0.0075 

X l.92 ±0.0054 

y I.JO± 0.0142 

Morphometric data for the spcrmatogonial 

chromosomes of Scym1111s 1mhilus Mulsant 

Mean length Total Relative Percent Cenlromer Ann 

of long arm length length . ofRL ic index ratio 

l±S.E. µm s+lµm RL RL% Cl AR 

2.44 ± 0.0064 4.08 0. 1593 15.93 40. 19 1.48 

2.17 ± 0.0058 3.77 0. 1472 14.72 42.44 1.36 

2. 15 ± 0.0732 3.57 0.1394 13.94 39.77 1.51 

2.22 ± 0.0535 3.47 0. 1355 13.55 36.02 1.78 

1.90 ± 0.008 I 3.05 0.1191 11. 91 37.70 1.65 

1.65 ± 0.0066 2.75 0.0683 0(,.83 40,00 1.50 

2.90 ±0.0075 4.82 0.1882 18.82 39.83 1.51 

------------ 1.10 0.0430 04.30 ------- -----

Total loength of the genome= 25.61 µm: 2n =14 
Karyotype = 5 AA m + 1 AA Sm + X m + y. 

Table 7 

Cltrom Mean length of 

p;iir short amt 

s ± S.E. 11111 

I 1.79 ± 0.otM6 

--- -- - -- --------
2 1.70 ± 0.0042 

- ------
3 1.52 ± 0.006 7 

4 1.62 ± 0.0048 

5 1.45 ± 0.005) 

6 1.)5 ±0.0041 

7 1.22 ± 0.004-1 

H 1.15 ± 0.()()53 

X 2. 19 ± 0.0084 

y 1.12 ± 0.0045 

Morphomctric data for the spermatogonial 
chromosomes of Brumoides li11eatus (\Vcisc) 

Mean length of Total Relative percent Centromeric Arm 

long arm length length of index ratio 

l ± S.E. µm s + I iun RL RL Cl AR 

RL% 

J .50 ±0.0051 5.29 0. 1276 12.76 33.84 1.95 

- -· --- ------
3.42 ± 0.007:l 5.12 0. 1236 12.36 33.20 2.01 

------· -- -- --- ·- --
3 .15 ± 0.0062 4.67 0.1127 11.27 32.54 2.07 

3.00 ± 0.0060 4.62 0. 1115 11.15 )4,85 1.85 

2.85 ± 0.0055 4.30 0. 10)8 10 . .18 3).72 1.96 

2. 76 ± 0.0054 4. 11 0.0992 09.92 32.84 2.04 

2.55 ± 0 .0067 3.77 0 .0998 09.98 32.3<> 1.88 

1.96±0.0051! ).IO 0.0748 07.48 37. 10 1.69 

3. 15 ± 0,0070 5.34 0. 1287 12.87 41.01 1.43 

------ 1.12 0.0270 02.70 ----- ......... 
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Total lcnglh or the genome = 41.44 µm. 211 = 18.: K.tl)'Olypc = 4 AA Sm + J AA t + I AA 111 + X 111 + y. 
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Jauravia pullidula Motchulsky(Table 8, plate 5) 

A total number of 18 chromosomes including autosomes and sex chromosomes 

were found. Of the 8 pairs of AA first 5 pairs were metacentric, values of arm ratio 

or which ranged from 1.48 to 1.7. The value or arm ratio or 2 pairs of sub

metacentric chromosomes were J .8 & l .71 while the last single telocentric pair of 

AA showed the value of arm ratio 2.33. Of the sex chromosomes X chromosome 

was metacentric type whose value of ann ratio was 1.47 and they chromosome was 

dot shaped without distinct centromere. Of the whole complement X was largest in 

length which measured 4.95 ~un. Its relative length was 0.15 and centromeric index 

was 40.4. The mean total length of the AA varied from 4.19µm to 2.66 µm, the 

relative length and the centromeric indices of which ranged between 0.13 to 0.09 

and 40.33 to 30. 04 respectively (Table 8 & plate 5 ). 

Pharoscy1111111s taoi Sasaji (Table 9, plate 6) 

In this small ladybird beetle , the diploid set showed the typical 2n=20, normal 

karyotypes of which were mostly metacentric (m), only 3 pairs of autosomes were 

sub-metacentric (sm) while arm ratio of y was unmeasurable. Of the sex 

chromosomes X measured 5.2 l µm in length which was the largest. Mean total 

length of the whole complement and that of the relative length, centromeric index, 

arm ratio 0.14, 42.42 and 1.36 respectively. y measured 1.00~t.m in length. The 

mean total length of the AA ranged from 4.97 µm to 2.48~tm as well as the ratio of 

relative length, centromeric indices of those ranged between O 13 to 0.06 and 55.3 I 

to 35.64 respectively (Table 9 and plate 6).Of the AA the arm ratios of the 

metacentric chromosomes varied from 1.56 to 1.18 and those of the sub-metacentric 

varied from 1. 8 to I . 72. 







Table 8 

Chro Mean length 

m of short arm 

pair s J S.E. 11111 

I 1.69 ± 0.0075 

2 1.55 ± 0.0083 

3 1.50 ± 0.0146 

4 1.39 ± 0.0053 

5 1.25 ±0.0124 

(, I . lO ± 0. 00(,3 

7 0.98 ± ().()052 
-·- -·- - ---·-- ---- - -

8 0.85 ±0.0124 

X 2.00 ± 0.0061 

,. 0.88 ± 0.0071 
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Morphometric data for the spermatogonial 
chromosomes of Jauravia pullidula Motchulsky 

Mean length Total Relative Percent Centromeric Arm Cenro 

of long arm length length . ofRL index ratio mcric 

I ± S. E. Jllll s+l11111 RL RL% C l /\R type 

2.50 ± 0.0095 4. 19 0. 1369 12.69 40.33 1.48 Ill 

2.35 ± 0.00(,2 3.90 0. 1176 I 1.76 39.74 1.52 m 

2. IO± 0.0058 3,6 0.1085 10.85 42.00 1.40 m 

2.32 ± 0.0078 3.71 0. 1118 I 1.18 37.50 1.67 m 

2.12±0.0142 3.37 0.1016 10.16 37.09 1.70 m 

I. 98 ± 0. 006(, 3.08 0.0929 09.29 35.71 1.80 sm 

1.68±0.1253 2.(,6 0.0802 08.02 36.84 1.71 Sill 

------- · - ·- ---- --·-- - ---------- --- - · . . . --- --- ---- . - - --------
1.98 ± 0.0077 2.83 0.0853 08.53 30.04 2.33 I 

2.95 ± 0.0052 4.95 0. 1492 14.92 40.40 1.47 m 

----------- 0.88 0.0265 02.65 ------- ---- ---
Total length of the genome= 33. 17 µm.: 2n = 18. Karyotype = 5 AA m + 2AA sm + I AA t + X m + y. 

Table 9 

Chro Mean length 

m of short arm 

pair s± S.E. µm 

I 1.77 ± 0.0048 

2 1.61 ± 0.0073 

3 1.50 ± 0.0072 

4 1.39 ± 0.0124 

5 1.70 ± 0 .0065 

6 1.22 ± 0.0075 

7 1.15 ± 0.0077 

8 0.98 ± 0.0152 

9 1.30 ± O.OO(i6 

X 2.21 ±0.0067 

y 1.00 ±0.0048 

Morphometric data for the spermatogonial 
chromosomes of Pltaroscy,nnus taoi Sasaj i 

Mean length Total Relative Percent. Cenlromeric Arm 

of long arm length length ofRL index ratio 

I ±S.E. µm s+lµm RL RL% CI AR 

3.20 ± 0.0067 4.97 0.1313 13.13 55.31 1.80 

2.50 ± 0.0038 4.16 0. 1099 10.99 38.70 1.55 

2.58 ± 0.0072 4.08 0.1078 10.78 36.76 1.72 

2.51 ± 0.0066 3.90 0.1031 10.31 35.64 1.80 

2.00 ± 0.0065 3.70 0.0978 09.78 45.95 1.18 

1.79±0.0081 3.0 I 0.0795 07.95 40.53 1.46 

1.80 ±0.0058 2.95 0.0780 07.80 38.95 1.56 

1.50 ± 0.0067 2.48 0 .0655 06.55 39.52 1.53 

1.88 ± (J.()073 2.38 0.0629 06.29 54.64 1.44 

3.00 ± 0.0075 5.21 0 .1380 13.80 42.42 1.36 

-------·---- 1.00 0.0264 02.64 .............. ----
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type 

Sm 
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sm 
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m 

m 

m 

m 

m 

---
Total length of the genome= 37 .84 ~Lrn: 211 = 20; Karyotype 3 AA sm + 6 AA m + X m + y. 
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//leis indica Timberlake (Table IO, plate 7) 

The normal chromosomal number was confirmed the typical 2n = 20. Karyotype 

analysis had the following break up: 5 AA submetacentric (sm), 4 AA telocentric 

(t) and only the longer X chromosome appeared to be the metacentric. As usually y 

was dot shaped and measured 0.98 ~tm in length . The · mean total length of the 

individual chromosome varied from 4.43 µm. (largest) to 2.5 µrn in autosomes and 

4.46 ~Lm in X chromosome. The relative length ranged from 0. 12 to 0.07. Arm ratio 

and the centromeric indices varied in between 2.14 to 1.37 and 43. 72 to 31.18 

respectively (Table I 0. and plate 7). 

Psyllobora bisoctonotata (Mulsant) (Table l I, plate 8) 

Instead of the typical formate, here 2n= 18, of which 5 pairs of AA were sm whose 

arm ratios ranged from l.81 to 1.7; 3 pairs of AA were metacentric type arm ratios 

of which ranged from 1.63 to I .5 and the X chromosome was also metacentric with 

1.25 arm ratio. Typically the y was too small, measured only 0.95µm in length with 

no centromeric indication. Also X was the largest with 5.4 µm in length and the 

relative length and the centromeric index were 0.16 and 44.44 respectively. Of the 

autosomes the ratios of relative length and the centromeric indices ranged from 0.12 

to 0.07 and 39.75 to 35.32 respectively (Table 11 and plate 8). 

Chei/0111enes sex111aculata (Fabricius) (Table 12, plate 9) 

It exhibited a consistent diploid number of also 20.The karyotypic analysis revealed 

that all the autosomes and the X chromosome were metacentric (m) while the y 

chromosome was dot shaped and measured only 0.96 ~tm. Like all the other species 

, X measured longest in their length which was 4. 71 ~un. Mean total length of the 

autosome varied from 3.85 ~tm to 2.09 ~un (Table 12 and plate 9 ). 







Table 10 

Chrom Mean length of 

pair short arm 

s ± S.E. 11111 

I ( .. JR± 0 .00(,:l 

2 IAI ±0.01,B 

3 1.34 ± 0,0032 

4 1.25 ± 0.0053 

5 1. 15 ± 0.0082 

6 I. IO± 0 .0075 

7 0. 98 ± 0.0084 

8 0.90±0.0 152 

9 0.85 ± 0.0161 

X 1.95 ± 0 .0054 

y 0.98 ± 0.0062 

Morphometric data for the spermatogonial 
chromosomes of J/leis illdica Timberlake 

Mean length of Tola( Relative Perccnl. of Centromeric 

long arm lcnglh length RL index 

I :t S.E. 11111 s + I 11111 RL RI.% Cl 

2.95 ± 0,0075 4 .43 11.12!0 12. IO :ru r 

2.57 ±0.00 17 3.98 0. !087 I0.87 35.43 

2.50 ± 0.0094 3.84 0.1049 I0.49 34.81 

2.50 ± 0.0061 3.75 0.1024 I0.24 JJ.31 

2.32 ± 0.0143 3.47 11.0948 09.48 33. 14 

2.25 ± 0.0078 3.35 0.091 5 09.15 32.84 

2.10 ± 0.0082 3.08 0.0841 08.41 31.18 

1.88 ± 0.0054 2.78 0.0759 117.59 32.37 

1.65 ± 0.0081 2.5 0.0683 06.83 ] 4.00 

2.69 ±<l.0075 4.46 0.1218 12.18 43.72 

--------- 0.98 0.0268 02.68 -----

Arm 

ratio 

AR 

I.')') 

1.82 

1.86 

2.00 

2.02 

2.114 

2.14 

2.08 

1.94 

1.37 

-----
Total length of the genome= 36.62 µm. : 2n = 20. : Karyolype = 5 AA sm + 4 AA t + X m + y. 

Table 11 Morphomctric data for the spermatogonial 
chromoscomes of Psy/lobora bisoctonotata(Mulsant) 

Chrom Mean length Mean length Total Relative Percent. Centromeric Ann 

pair of short arm of long arm length length ofRL index ratio 

s ± S.E. ~Lill l±S.E. µm s + I ~llll RL RL% CI AR 

I 1.(,5 ± 0.0042 2.50± 0.0055 4. 15 0.1227 12.27 39.75 1.50 

2 1.60 ± 0.0051 2.48± 0.0071 4.08 0.1205 12.06 39.21 1.55 

3 1.45 ± 0.0052 2.42± 0.0056 3.87 0.1144 11.44 37.46 1.70 

4 1.30 ± 0.0066 2.38± 0.0058 3.68 0.1088 10.88 35.32 1.83 

5 1.24 ± 0.0058 2.25± 0.0066 3.49 0.1032 10.32 35.53 I.RI 

6 1.15 ± 0.0055 2.00± 0.0073 3.15 0.0931 09.3 1 36.50 1.73 

7 0.98 ± 0.0073 1.60± 0.0056 2.58 0.0762 07.62 37.98 1.63 

8 0,92 ± 0.0060 1.55± 0.0068 2.47 0.0730 07.30 37.25 1.70 

X 2.40 ±0.0057 3.00± 0.0072 5.40 0.1596 15.9(, 44.44 1.25 

y 0.95 ± 0.0043 ------------ 0.95 0.0280 02.80 --------- ------

Total length of the genome= 33. 82 µm 2n = 18 ; Karyotype = 3 AA m + 5 AA Sm + X m + y. 
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Coccine/la septe111punctata Linnaeus (Table 13, plate 10) 

The analysis of the chromosomes of this species of coccinellid revealed a diploid 

number of 20 like the previous member of the genus Coccinella . The karyotypic 

analysis exhibited the following break up: 15 sub-metacentric (sm) including X 

chromosome, 2 pairs metacentric (111) and I pair telocentric (t) with arm ratio 2.95. 

X was largest chromosome of the complement measured 5.99 µ m in length. Like 

the others y was smallest chromosome measured only 1.17 µ m (Table 13 and 

plate IO). The largest length of the autosomes was 5.1 ~ll)l and relative length value 

ranged from highest 0.14. to the lowest 0.06. Mean length of the total genome was 

40.83 ~un. or the AA No. 5 and No. 8 chromosomes showed 'V' and 'J' shaped 

respectively while the X was submetaecntric as well as acrocentric type. 

Coccinella transversalis Fabricius (Table 14, plate 11) 

In this species the diploid set showed 211= 20. Nonnal karyotypes included all the 9 

pairs metacentric autosomes and a sub-metacentric X chromosome with a dumble 

shaped y chromosome. The quantitative characters showed a structural range of the 

mean total length of the arms of autosomes between 3. 92 µm to 2.09 µm. while that 

of the X chromosome was 5.8 µ m and y showed only 1.6 µ m. The relative length 

of the autosomes ranged between 0.11 lo 0.06 as well as the ann ratio and the 

centromeric indices of those vaiy from 1.32 to 1.05 and 48.69 to 43.67 respectively 

The relative length of the X chromosome was 0.16. as well as the arm ratio and the 

centromeric index were 1.66 and 37.59 respectively. The whole complements were 

metacentric type and the X chromosome was rod shaped. 














































































































































































































