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Chromosomal informations of the species are essential 

to the modern taxonomists since "the species are considered 

to be the objective reality of some particular genetic 

continuity" (Manna, 1969)• Cytological studies help us in 

three ways viz, (1) in giving an idea of natxiral relationship 

among various groups undetected by taxonomists (2) to under­

stand various operations of cytogenetic system in evolution of 

different groups and (3) to solve controversial cases where 

taxonomists are handicapped regarding the position of some 

species (Manna, 1958), 

Various parameters used in cytotaxonoray apart from 

chemical, physical and physiological properties of cytoplasm 

and kairyoplasm are various morphological and kinetic features 

of chromosomes and chromosome sets or karyotypes, that repre­

sent the field of interest of cytotaxonomists (Kiauta, 1974), 

The major variations which can be observed from a comparison 

of karyotypes of related species are (1) variations in absolute 

chromosome size, (2) variations in staining properties, 

(3) chromosome morphology - tjfpe, size and number of chromosomes 

and position of satellite, (4) centromere - type and position, 

(5) polyploidy (6) sex - chromosome and sex determining mecha-

nisms and (7) recombination index, "These differences reflect 

genie variations in contrast to products of gene action as 

modified by environmental factors in morphological variations" 

(Stebbins, 1971). 
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The realisation during 1930's that speciation is a 

gradual process in which the ̂ essential feature is the 

acquisition of genetic isolating mechanism, paved the way 

for "biological species concept" which developed during the 

next two decades (White, 197313 • It therefore, seems appro­

priate to mention some of the significant cytotaxonomic works 

on some of the major groups of insects as a historical review. 

It is worth mentioning here that of the thirty one 

orders of insects, considerable researches have been made only 

on six orders* The Apterygotes or wingless insects are some­

what neglected in cytotaxonomic studies. Isolated reports 

appear on Protxira and Thysanura and Polytene chromosomal 

studies in Collembola. In Protiara centromere is localized and 

the haploid number varies from 4-10, sex chromosome is not 

detectable (Bizzari and Fratello, 1971). Collembolan cyto-

taxonoray will be reviewed at the end of this chapter in 

details. 

Among Pterygotes by far the most significant cytotaxo­

nomic works have been made in Oiptera in general and 

Prosophila and Chironorous in particular. Major works on 

Drosophila were reviewed by Patterson and Stone (1952) and 

Stone, 1962. The existence and properties of polytene 

chromosomes in Drosophila has helped to solve many important 

evolutionary taxonoraic problems. Chromosomal stability 

preserves continuity and their change provides great heritable 
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variability for natural selection to work along with evidences 

of relationship leading to taxonomy. In Drosophila# "species 

group" or "super species" emerges as a real and important 

taxonomic xinito In many of the species groups phylogeny can 

be traced in various directions basing which taxonomic 

relationship is established. Study of fossil flies of 

Prosophila also confirm these super species range. These 

groups show morphological intra-group diversity but cytolo-

gical similarities and are called "homosequential"/ (having 

the same gene sequence), for example Hawaiian species complex 

(Carson et ali# 1967), Genetic crosses have established many 

"sibling species" in Drosophila* Throckmorton (1962) in his 

praiseworthy work on phylogeny of Drosophila has shown how 

morphological characteristics like sperroathecae, ejaculatory 

bulbs and such other characters can be easily correlated with 

the cytological phylogeny. The importance of cytological 

studies comes from the fact that "phenotype may be adaptive 

and be perpetuated but genotype controlling this pattern may 

be sharply changed during evolution" (Dobzhansky, 1959), 

From genetic and cytological evidences Sturtevants' classi­

fication of the genus Drosophila (1942) have been substan­

tiated. It has been inferred that species within a "species 

group" have originated from a common ancestral popxilation 

(Patterson and Stone, 1952), However, by improved method of 

DNA estimation, autoradiography and differential banding 

pattern it may be possible to find very minute chromosomal 

alterations in these species (Sharma/ 1976), Keyl (1962) 
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constructed phylogenetic treec£ twenty three European species 

of the genus Chironomus and suggested through his studies of 

DNA contents of corresponding bands that C, thummi and 

Co piqer are not separate species but sub-species in contrast 

to morphological featxires. 

In the order Odonata on the basis of integration of 

independent karyological, morphological and paleontological 

evidences/ Kiauta (1967, 1969a) held that the present nume­

rical variations in karyotypes have developed through the 

occurrence of breaks and fusions in ancestral form. He fur­

ther stated that high chromosome number is indicative of 

advancement and specialization. 

In the order* Orthoptera investigating on cytology 

of the wingless grasshoppers of subfamily Morabinae, White 

(1969, 1973::) has shown the evolution of chromosome numbers 

from primitive 2no = 17, and-di^scussed the phylogenetic 

trend in the so called/ 'species group* of taxonomy. Orthop-

terans with their large chromosomes and various cytogenetic 

systems are one of the classical objects of cytogenetic and 

cytotaxonomlc studies. Super family Acrldoidea (short homed 

grasshoppers) show cytogenetic stability at 2n(?- 23. Variable 

number of supernximerary chromosomes appear in a number of 

families and occurrence of 'chromosomal races' or 'sibling 

species' is a regular feature in mole crickets (e.g. Gryllo-

talpa qryllotalpa). The method through which a nxamber of 
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species ariije from a single one by numerous chromosomal 

rearrangements has been termed as staslpatric speciation 

(White, 1973b). 

Smith (1959, 1966) studied speciation mechanism in 

the beetle (Coleoptera) Chilocorus where majority of species 

differ from C, similis as its 'acrocentrics' became 'meta­

centric' through "addition" of heterochromatic limb that do 

not form chiasma at meiosis. Thus cytotaxonomic studies 

established chromosomal evolution in increase or decrease in 

the size of heterochromatic limb, assxaming even acrocentrics 

have short heterochromatic second limbe These chromosomes 

are called diphasic (Smith, 1966)• 

In Heteroptera, evolutionary inter-relationship between 

various groups was advocated by Leston (1958) and Manna (1958, 

1962), Recognition of Alydidae and Corizidae as separate 

families from Coreidae was through cytotaxonomic studies* 

The detection of different species of Banasa and Thyanta which 

systematists failed to recognise, were possible only due to 

cytological studies (Schrader and Hughes-Schrader, 1956), 

Manna (1951, 1958, 1962) made a comprehensive attempt to 

correlate all cytologically known species of Heteroptera to 

taxonomic grouping and phylogenetic relationship among different 

families of Heteroptera and put forward a "cytological key" 

characterising different families* 
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In Homoptera, Brown and Mekenzie (1962) divided Co-jina 

on meiotic patterns and meritoriously correlated them with 

taxonomic placement. 

In Blattodea/ on family level (ecg© Blaberidae) and 

occasionally on subfamily levels the type numbers are clearly 

distincto The position of the centromere is also characte­

ristic of various species (John and Lewis, 1959, Kiauta, 1974). 

Lepidoptera is the third largest order of insecta after 

Diptera and Orthoptera in which about 1500 species have been 

studied cytologically* They are characterized by diffuse 

centromere and wide range of chromosome ntomber (n = 7 to 253)• 

The type nximber of the order is 31, with a strongly marked 

mode at 29-31. Heterogametic females show achiasmatic 

Oogenesis (Suomalainen, 1963, 1965). In some families like 

Papillionidae all or almost all species have the same chromosome 

number. The various geographic races of the same species 

might differ in chromosome niamber, but show similarity in overall 

volume of the metaphase chromosomes (through size) and also in 

their DNA content. From this observation it can be assumed 

that fragmentations and fusions are responsible for variations 

in chromosome number (Gupta, 1964, Rishi, 1973). 

Prom the aforementioned brief overview of the pioneering 

works on some major orders of insects, it has become fairly 

clear that major cytotaxonomic investigations on insects are 
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restricted to a few orders like Orthoptera, Diptera and 

Heteroptera where chromosome number is fairly constant and 

thus elucidates degree of affinity between different species 

or species groupso It is also interesting to note that orders 

possessing holokinetic chromosomes show higher chromosome 

number in more advanced taxa and this situation is just opposite 

in orders with monokinetic elements (Kiauta, 1974). In order 

like Heteroptera "cytological key" can be used most effec­

tively as an additional tool for species determination (Manna* 

1958^ 1962), With this background it seems appropriate now 

to look into the cytotaxonomical researches made on "spring-

tails". As mentioned earlier karyological works on Apterygota 

in general and Collerobola in particular are considerably rare 

with only a few isolated reports occasionally from some cyto-

logists. However, recently some Important works have been done 

on polytene chromosomes from salivary gland nuclei of species 

from the Neanuridae family* 

Review of literatxire on Collembolan cytogenetics indi­

cates that out of more than 6000 species xinder approximately 

75*1 genera and 20 families only about 75 species and subspecies 

belonging to 13 families have been studied so far. Table III 

shows major cytotaxonomic works on 65 species and subspecies 

of Collembola under 12 families. 



Table III 

Check-List of major cvtotaxonomic data on Col1embola (Including present work) 

Speci es 
Chromosome number 

cf (2n) ^ \ o^ (n) ĉ  

Sex 
Determining 
Mechani sm 

Re-f erence 

PODURIDAE 

Podura aquatica L. 

HYPOBASTRURIDAE 

Ceratophysel1 a armata communis(Fols.) 

Hypogastrura manubriaiis (Tullb.) 

H. viatica (Tullb.) 

NEANURIDAE 

Brachystomella parvula (Scha-ff.) 
Probrachy stone 1 la rhodosoma Rap. 
Anurida mar i t ima (Guerin) 
isomerselya sp. 
Pal eonur a spectabi1i s Cassagnau 
Bilobe 1 la grassei Denis 

Bilohella massoudi Cassagnau 
Latr iopyga long iset a Caroli 

8 

14 

7 
(s,l-3) 

7 
(s,l-3) 

7 

1 2 
(10+XY) 

8 

8 
8 * 
8 * 
1 2 * 

(10+XX) 
14» 
1 2 / 1 4 * 

4 
b 

6 

XY/XX 

Will em, 1900 

IMunes, 1962 

Nunez, 1962 

Saure and Brummer-
korvenkontio, 1958 

Nunez, 1962 
Nunez, 1962 
Claypole, 1898 
Prabhoo, 1961 
Cassagnau ?< Lee, 1982 
Cassagnau, 1971b 

Cassagnau, 1968a 
Cassagnau, Dallai ?< 
Deharveng, 1979 

Table III continue 



Table III continued 

V. giselae (Gisin) 

V. lapidicola Cassagnau ?< Debarveng 

I/, hygrophila Cassagnau 8< Deharveng 

Travura reticulata Cassagnau ?< Deharveng 
Jravura diver gens 

Cassagnau ?< Deharveng 

ISOTOMIDAE 

Bal1istura scoetti (Dal la Torre) 
Proisotoma fatonei Rap. 
P. ninuta (Tullb.) 
Folsomia Candida distincta Bagnal1 
F. sexoculata (Tullb.) 

Isotoma maritima (Tullb.) 

I. serisibilis (Tullb.) 

I. viridis Bourl. 

**J. jayasrae Bhattacharjee 

7- antermal is (Bag.) 

**(Desor ia) tr ispinata MacGi11. : 
Isotonina thermophila (Axels.) 
Isotomurus palustris (Muller) 

12/14* 

16* 

16* 

14* 

20* 

7 
7 
4 

7 

7 

7 

7 

7 

X-recog-
ni sable 

7 

Cassagnau ?< Deharveng, 
1981 
Cassagnau ?< Deharveng, 

Cassagnau ?< Deharver-c., 
1981 
Cassagnau, 1980 

Cassagnau, 1980 

Nunez, 1962 
Nunes, 1962 
Nunez, 1962 
Kiauta, 1970 
Saure ?< Brummer-
Korvenkontio, 1958 
Saure ?< Brummer-
Korvenkontio, 1958 
Saure ?< Brummer-
Korvenkontio, 1958 
Saure ?< Brummer-

korvenkontio, 1958 
Bhattachar jee ?< 
Chatterjee, 1989 
Nunez, 1968 

Present work 
Nunez, 1962 
Saure ?< Brummer-
korvenkontio, 1958 

Table III continued 
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1 3 

TOMOCERIDAE 

PogoTiogriatheJlus flavesceris ( T u l l b . ) 

P. longicorTiis Mu l l e r 

Tomoceras minor (Lubb. ) 

7 , vulgaris < T u l l b . ) 

T. miriutus ( T u l l b . ) 

11 

6 

6 

6 

6 

6 

Saure ?< Brummer-
korvenkontio, 1958 
Saure ?< Brummer-
korvenkontio, 1958 
Saure ?< Brummer-
korvenkontio, 1958 
Saure ?< Brummer-
korvenkontio, 1958 
Saitoh ?< Chiba, 1959 

ENTqMOBRYIDAE 

Eritomobrya atrocirita 

psuedoperpulchra Mills 

Eritomobrya corticalis (Nic.) 

E. Lariugiriosa (Nic.) 

E. lariuginosa olivacea Rap. 
E. mult i-f as data (Tullb.) 
E. pseudodecora Rap. 

E. cf. Tiigrociricta Denis 

£•- cf. nivalis (L.) 

E. nival is (L.) 

11 

11 
11 
1 1 , 1 2 
14 
9 

(a+x) 
9 

12 
12 
12 

6 

6 

6 

6 
6 
6 

XO/XX 

XO/XX 
XO/XX 
XO/XX 

XO/XX 

Nunez, 1962 

Saure ?< Brummer-
korvenkontio, 1958 
Saure ?< Brummer-
korvenkontio, 1958 
Nunez, 1962 
Nunez, 1968 
Nunez, 1862, 1968 

Tuzet ?< Manier, 
1956 
Tuze t ?< M a n i e r , 
1956 
Saure ?< Brummer-
korvenkontio, 1958 

Table III continued 



Table III continued 

1 

E. rii VBlis <L. ) 
E. puTicteola 
^^Sinella montaria Imms 

**S, curviseta Brook 

Pseudosiriella sexoculata Schott 

ENTDMOBRYIDAE 

Seira domestxca (Nic.) 
**rDicrariocentrus singularis 
**Z?. YraterTius 
Orchesella villosa (Geoffr.) 
0. bifasciata (Nic.) 

PARONELLIDAE 

*f*fCallyntrura lirieata (Parona) 

Salina striata (Hands. ) 

*^^Troglopedetes raseridrans 

B h a t t a c h a r j e e 

CYPHODERIDAE 

Cyphoderus assimi1 is empodialis 

Rap. 

SMINTHURIDIDAE 

Sninthurides aquaticus (Bourl.) 

Sphaeridia pumilis (Krausb.) 

11 
11 
11 

11 

12 
12 
12 

(s,l) 
12 

6 
6 
6 

6 

b 

XO/XX 
XO/XX 
XO/XX 

XO/XX 

XO/XX 

11 
11 

11 

11 

12 
12 
12 

12 

12 

6 
6 
6 
6 
6 

6 

6 

XO/XX 
XO/XX 
XO/XX 

XO/XX 

XO/XX 

XO/XX 

XO/XX 

Grondziel, 1973 
Grondziel, 1973 
Bhattachar jee ?< 
Chatterjee, 1984 
Bhattachar jee ?< 
Chatterjee, 1984 
Nunez, 1962 

Nunez, 1962 
Present work 
Present work 
Lecaillon, 1901 
Saure ?< Brummer-
korvenkontio, 1958 

Bhatacharjee S< 
Chatterjee, 1989 
Bhattachar jee S< 
Chatterjee, 1989 

Present work 

10 XO/XX 

Nunez, 196: 

Saure ?< Brummer-
korvenkontio, 1958 
Nunez, 1962 

Table III continued 
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1 

KATIANNIDAE 

Katianna sp. 

SMINTHURIDAE 

Alllacma fusca (L.> 

Sminthur inus mime Borner 

S. Tiunezi Rap. 

Smirithuru viridis L. 

DICYRTOMIDAE 

DicyrtovtiTia s p . 

12 

XO/XX Nunez, 1962 

XO/XX Nunez, 1962 

Kiauta, 1970 

XO/XX Nunez, 1962 

XO/XX Tuzet ?< Mainer, 

XO/XX Nunez, 1962' 

Note: 's' means supernumerary chromosome 
• indicates studies on polytene chromosomes -from salivary glands, 

«* denotes investigations included in the present work 

This list is not exhaustive and excludes works on 5 species o-f Onychiuridae (Fratello 
and Sabitini, 1980) and 3 species of Neanurid Collembola (Lee, 1980) due to non 
availability oi details. The list also excludes reports which are not -fully substantiated 
or are o-f historical importance only. 



MaXino (1951) in his "Atlas of the chromosome numbers" -

quotes data pertaining to some of the Collembolan species viz, 

Anurida maritima (2n = 80 Claypole, 1898) Orchesella yillosa 

(n = 6, Lecaillion, 1901), Podura aquatica (2n = 8, Willem, 

1900), But these works are merely of historical importance as 

they do not establish definite chromosome number of Collembola. 

Cytological studies by Tuzet and Manier (1956) on Entoroobrya 

nivalis (a 2n = 9), Orchesella villosa (o 2n = 9), Entomobrya 

niqrocincta (02n = 9) and Sminthiarus viridis (o2n = 9) and 

works of Saitoh eind Chiba, 1959 on Tomocerus minutus (Q-n = 6) 

provide much more reliable cytological data for these species. 

Nunez (1962) gave a list of chromosome number of 20 species. 

Krzystofowicz (1967) reported male diploid nxoraber as 13 (12 + X) 

in Tetradontophora bielanensis. However, all these works 

mentioned above simply reported the chromosome number without 

going into the exact nature or struct\ire of Collembolan chromo­

somes. Nunez (1962) mentioned that a ntunber of species show 

XO mode of sex determination in males. However, the "Neanuridae 

studied by Cassagnau (1968a,b; 1970b) do not seem to show 

morphologically differentiated sex chromosomes" (White 19731J. 

Prabhoo (1961) Cassagnau (1966, 1970a, 1971a,b, 1977, 1982), 

Lee (1980), Cassagnau and Deharveng (1980, 1981) and Deharveng 

(1982) studied polytene chromosomes from the salivary glands 

of species belonging to Neanuridae. The only family so far 

reported to possess polytene chromosomes in Collembola. The 

diploid number reported by cited authors ranges from 8-20, 
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Special mention should be made regarding polymorphism in two 

populations of Lathriopyga longiseta (Cassagnau e^.alo, 1979)« 

Kiauta (1970) reviewed germ cell cytology of different 

Collemboles and gave a list of chromosome number of fortysix 

species including two new reports by him. Grondziel (1973) 

gave details of karyotype of two entomobryid species : 

E. puncteola and E. nivalis (2n(? = 10 + X and 2n+ = 10 + XX). 

Fratello and Sabatini (1980) studied karyotypes and 

habitat interrelations of five species of Onychiurus and 

observed that diploid number of chromosomes in these species 

increases with decrease in the size (width) of the animal. 

In India, Prabhoo (1961) reported the presence of 

polytene chromosomes in the salivary glands of Womersleya sp«# 

but no attenpt has been made to study the germ cell cytology 

of any Indian Collembola. 

With a view to fill in the lacuna in our knowledge of 

Collembolan cytogenetics, we have undertaken in our laboratory 

a chromosomal survey of North-East Indian Collembola 

(Bhattacharjee and Chatterjee, 1984,1987,1989). Basing on the 

karyotype analysis using the most suitable and established 

methodology, the present work incorporates investigations on 

the germ cell cytology of nine species of Collembola belonging 

to three families viz. Isotoraidae, (two species), Entomobryidae 

(foxir species) and Paronellidae (three species) - all new to 
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cytology* In the later part of this work through a comparison 

of all the available cytological data (including the present 

ones) an attempt is made to establish the possible karyotypic 

evolution in Collembolans. 



2 MATERIALS AND METHODS 
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2ol The Material : 

The materials for this work were collected from various 

parts of Shillong, Meghalaya, from different biotopes at 

different tiroes of the year comprising of a variety of size 

groups of either sex. 

In total 9 species_belonging to 3 different families 

have been studied cytologically. The species are : 

A Family •» Isotomidae 

!• Isotoraa (S.str.) layasrae Bhattacharjee, 1984 

2. Isotoma(Desoria) trispinata (MacGillivary, 1896) 

B Family x Entomobryidae 

lo Sinella (S.str») montana Imms, 1912 

2. Sinella (SoStr.) curviseta Brooke 1882 

3« Dicranocentrus fratemus 

4o Dicranocentrus sincpilaris 

C Family i Paronellidae 

1. Callyntrura(Handschinphysa) lineata (Parona, 1892) 

2. Salina striata (Handschin, 1928) 

3o Trbqlopedetes rasendrans Bhattacharjee, 1985 
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2.2 Collection x 

Live materials were collected by brush method, hand-

picking or by aspirator* 

2.3 Culture of Collembola : 

Live specimens were cultured in a nvimber of small 

circular plastic container with culture medium of charcoal 

and plaster of Paris (1:9, w/w), adding a little of yeast and 

water from time to time. Collembola could be reared in these 

boxes upto 10-12 days and sacrificed as and when required 

(Kyle and Long, 1967 and Hutson, 1978). 

2.4 Pretreatment x 

Suitable Identified materials were sacrificed and 

puncttired by a dissecting needle and transferred into a 

hypotonic solution of 1% trisodixim citrate for 20 minutes. 

The material was subjected to a treatment of (*blchicine for 

arresting the dividing cells at metaphase. But the amount 

©f Colchicine and duration of treatment should be determined 

carefully as prolonged treatment leads t© polyploidy or 

tissue degeneration. ,.It was found 0.05% Colchicine for 

20-30 minutes provides reasonably high mitotic index (Ktirl 

and Misra, 1979). /; 

2.5 Fixation x 

The material was then fixed for atleast 30 minutes in 

freshly prepared aceto-alcohol solution by mixing 1 pari: of 

glacial acetic acid with 3 parts of ethylalcohol (100%) (vA). 
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206 Squashing : 

The fixed materials were dissected under a binocular 

or dissecting microscope and gonads were separated on a clean 

slide coated with a film of Mayer's albumen. Extra cuticular 

portion along with head, body and legs were removed from the 

slide* A drop of 45% acetic acid was used before covering the 

tissue by coverslip and squashing. 

207 Staining : 

2.7cl Staining with Heidenhain's hematoxylin stain: 

Squashed slides were either stained in Heidenhain's 

hematoxylin following the method outlined by Smith (1943) 

with some modifications or with Glemsa. 

Pfeidenhaln's Hematoxylin stain components 

Hematoxylin O.S gm 

Ethanol 96% 10.0 ml 

Distilled water 90 ml 

A few drops of ammonium solution were added for blue to jiing 

of the chromosomes• The stain was then filtered and allowed 

to mature for sometime before use. 

Staining with Heidenhain's hematoxylin i The proce-

dxire involved three steps as follows : 

1. Treatment in mordant solution of 3% Iron 

alum solution (NH^Fe(50^)2*I2H2O). 
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2. Staining in 0.5% hematoxylin solution, 

3« Differentiation in super staturated aqueous 

solution of picric acid. 

The squashed slides were brought to water and kept in 

mordant solution for 20 minutes, rinsed in distilled water and 

then stained in hematoxylin stain for 5 minutes. The slides 

were differentiated in satiurated picric acid solution and 

thereafter kept in rvinning water for atleast 30 minutes. 

Slides were then dehydrated through ascending grades of 

alcohol, cleared in xylene and finally mounted in DPX, 

2c7.2 Staining with Giemsa i 

The procedure described by Pardue and Gall (1970) with 

slight modification was followed: 

(1) Stock buffer solution A i ro/15, di-sodium 

hydrogen ortho-

phosphate. 

ill) Stock buffer solution B : m/15, potassium 

dihydrogen ortho-

phosphate. 

(iii) Working buffer solution t Prepared hy mixing 

stock buffer solution 

A and B in equal 

voltune/ pH ranging 

between 6»8 to 7.2. 
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(iv) Working Giemsa solution : A solution made by 

mixing 10 ml of Giemsa 

stock solution (BDH) 

and 90 ml of working 

buffer solution. 

The squashed air dried slides were stained with Giemsa 

working solution for 10 minutes. The stained slides were 

rinsed in distilled water^ dried and kept in xylene for 5 to 

7 minutes and mounted in DPX. 

2o8 Chromosome analysis : 

The following parameters were considered in the study 

of chromosome morphology x 

1. Total length of the chromosome or TCL value, 

2o Percentage (P.C.) length or relative length of sex 

r^ ^ ^ „ , ^ _ Total length of sex chromosome „ i nn 
Chromosome = sr~r:—T—^—"rr—^ -ri z—z x 100 

Total length of entire chromo­
some set 

3, Number of arms or NF = Total number of arms in a 

complete chromosome set (diploid) 

4, Recombination index or genetic length of chromo­

somes = Haploid number of chromosome + mean nvunber 

of chiasmata (Darlington, 1937, White 1973)• 

The metrical study was made from the projections of the 

negative of metaphase I chromosomes and the scale of stage 

micrometer through an enlarger. 
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2o9 Photomicrography : 

The photomicrographs were taken with an Olympus photo-

microscope using green filter and 10 x eye piece and 100 x oil 

immersion objective^ Orwo panchromatic films were used for 

photography. The magnification of the prints have been given 

by the accompanying 'bar'/scale in each plate* 



OBSERVATIONS 
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In the present investigation on the germcell cytology 

of Collembola nine species belonging to six genera comprising 

three families have been studied. Life cycle was usually 

completed within two and a half months and the insects showed 

five generations in a year. In any particular biotope non-

simultaneous occurrence of males and females in identical 

periods of development restricted thorough investigation on 

both the sexes to some extent. However, except in a few cases 

both males and females have been studied. Diploid chromosome 

numbers have been determined for all species from well spread 

gonial metaphase plates. The meiotic cycle seems to be \iniform 

in all the species, first meiotic division being reductional 

while the second was homeotypic in nat\ire. The spermatogonia! 

and oogonial divisions showed a cyclical covirse in all the 

species. Sex chromosomes could be identified by their uni­

valent nature in males during diplotene to metaphase I. Two 

types of metaphase II nuclei in males, with odd (one less) and 

even nxomber of chromosomes respectively, indicate XO:XX type 

of sex determination. However sex chromosome bivalents are 

indistinguishable from the autosomal bivalents in primary 

oocyte metaphase plates. Table III briefly reports diploid 

and haploid chromosome numbers along with the sex determining 

mechanism in sixtyfive sPecies of Collembola including the nine 

species studied during this investigation. A detailed descrip-

file:///iniform
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tion of the karyotype, chromosome beheviour during meiosis and 

sex determining system have been given in the following pages 

with suitable figures. 
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3 ,1 Family t Isotomidae 

Isotoma ( s . s t r . ) Jayas rae B h a t t a c h a r j e e , 1984 

Text f i g u r e s 1#2,4 and 6 

Isotoma (Desoria) t r i s p i n a t a MacGil l . 1896 

Text f i g u r e s 3^ 5 and 7 

(? 2n = 1 3 (12A + X) 

^ 2n = 1 4 (12A + XX) 

Two species belonging to the genus Isotoma constitute 

the material for the present study viz, Isotoma (S.Str.) 

jayasrae and Isotoma (Desoria) trispinata. Both males and 

females of these two species have been studied. 

The spermatogonia! covint from many well spread meta-

phase plates discern the diploid number as 13 (Fig. 1) while 

oogonial metaphase count reveals the female diploid niamber to 

be 14 in both the species (Pigs.2 and 3). The chromosomes in 

the gonial stages appear to be small rod shaped or slightly 

cxirved with terminal centromere. However# though chromosomes 

of I, (Desoria) trispinata do not show marked size differences* 

chromosomes of I. (S.str.) jayasrae indicate slight variation in 

their size. At diplotene and thereafter in both the species 

males show 6 bivalents and a xinivalent chromosome with increase 

in meiotic condensation (Figs.4 and 5). The females of these 
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species reveal 7 bivalents at metaphase I, All bivalents are 

without much differences in size in ̂ , (Desoria) trispinata 

(Fig, 7)» However primary spermatocyte and oocyte stage of 

J. (S.str.) 1 ayasrae reveal bivalents of somewhat xanequal sizes 

(Fig,4&6). All the bivalents show single chlasma which persists 

upto late diakinesis stage. Chiasma terminalization coefficient 

indicates that loss of chiasmata is maximum at late diakinesis 

stage. The first meiotic division is reductional and the second 

equational showing two different types of secondary spermato­

cyte nuclei in both the species with different chromosome 

nximber viz 6 (all autosomes) and 7 (6 autosomes and 1 sex chro­

mosome ) and at anaphase 1 these chromosomes sort out in two 

groups of 6 and 7 each. The second raeiotic cycle follows the 

first without a clear cut inter kinetic stage. The metrical 

analysis at metaphase I stage for the two species reveal the 

mean total chromosomal length (TCL) as 8.25/* and 8.75/^ respec­

tively while the relative length of sex chromosome measures to 

be 14% and 16% of TCL in Isotoroa (S.str.) jayasrae and 

_I. (Desoria) trispinata respectively (Table IV), 

The occurrence of two different types of metaphase II 

plates in all male specimens of both the species/ coupled with 

occasional observation of a minute dark staructure in some inter­

phase nuclei of Isotoma (S.str.) 1ayasrae males suggest males 

to be heterogametic sex. However at metaphase I all the 7 

bivalents of females of both the species show uniform stadLning 
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(Figs. 6 and 7). Presence of an extra chromosome in females 

along with linequal number of chromosomes in the secondary 

spermatocytes in both the species indicate XO, XX type of sex 

determining system in this genus/ i.e. o 2n =13 (12A + X) 

and ^ 2n =14 (12A + XX), the males being the heterogametic 

sex. Comparative study of the sex chromosomes from primary 

oocyte metaphase plates of these species indicate slightly 

bigger sex chromosome in ̂ . (Desoria) trispinata. The auto­

somal bivalents and the sex chromosomal bivalents do not show 

separate plate formation or any "auto orientation"at primary 

oocyte metaphase stage in any of the species. 
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3.2 

3.2.1 

Family : 

Subfamily: 

Genus I 

Species » 

Species : 

Entomobry id ae 

Entomobryi nae 

Sinella (S.Str) 

npntana linms, 1912 Text fig\ires 8 ,9 ,11 , 
12,14-16 

curviseta Brook, 1882 Text figures 10, 

13,17 and 18. 

^ 2n =11 

$ 2n = 12/12 + Is 

Two species belonging to the genus Sinella constitute 

the material for the present study viz, Sinella (S.Str.) 

montana Imms, 1912 and Sinella (S.Str.) curviseta Brook, 1882. 

Both males and females of these species have been investigated. 

The diploid chromosome number as obtained from many 

spermatogonial and oogonial metaphase plates (Pigs. 8-10) 

seems to be 11 for males and 12 for females of both the species. 

In Sinella (S.Str.) montana males a nxamber of nuclei in the 

tetraploid range have been observed (Pig. 8). All the chromo­

somes are rod shaped and not much different in size except one 

in males or a pair in females which is the smallest. Prom 

diplotene onwards in males"5 bivalents along with a tmivalent 

chromosome are observed in both the species (Pigs. 11-13), 

The bivalent mostly form single chiasma and terminalization 

continues upto late diakinesis. Primary speirraatocyte metaphase 

shows 5 bivalents and a small univalent chromosome (Figs. ll-13)i 
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Metaphase I in females show 6 bivalents in both the species 

(Figs. 14 and 17) however in Sinella (S.Str.) montana primary 

oocyte metaphase, occasionally a small accessory or super­

numerary chromosome/ close to a bivalent is observed (Fig. 15). 

The number of this supernximerary element never exceeds one 

and it is foxind to associate always with a bivalent at meta-

phase I or a chromosome at metaphase II (Figs. 15-16). No 

such accessory or supernumerary chromosome is fo\md in the 

related species Sinella (SoStr.) curviseta males or females. 

•^ Sinella (S.Str.) curviseta some primary oocyte 

metaphase exhibit precocious separation by a bivalent (Figs. 

17-18). Such precocious separation of a bivalent is however 

rare in Sinella (S.Str.) montana. 

At anaphase I of males of both the species the chromo­

somes sort out in two groups of 5 and 6 each while in females 

the separating chromosomes are of equal number. In both 

species first meiotic division is reductional and second is 

equational. The fate of accessory or supernumerary chromosome 

of Sinella (S.Str.) montana females sometiraes could be traced 

at anaphase I or metaphase II nuclei that showed the lanequal 

nvunber of chromosomes in females (Fig, 16). Secondary sperma­

tocytes nuclei in both the species show different chromosome 

number viz 5 (all autosomes) and 6 (5 autosomes and 1 sex 

chromosome). The second meiotic division follows the first 
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without any inter kinetic stage. At anaphase I of Sinella 

(S.Str#) montana females, occasionally some sticky bridges 

are observed. The mean total chromosomal length (TCL) cal­

culated from metaphase I chromosomes are 6.4 /̂  and 6,Q/^ 

while the percentage length of the sex chromosome are 16 and 

15 for Sinella (S.Str.) montana and S.(S,Str,) curviseta 

respectively, (Table IV) 

The occurrence of two different types of metaphase II 

nuclei in all male specimens with either 5 or 6 chromosomes 

each while with atleast 6 chromosomes in all secondary oocyte 

metaphase. Indicate heterogametic nature of males in both the 

species. Sex determining system in this genus is therefore, 

XOsXX viz ^ 2n =11 (lOA + X) and ? 2n =12 (lOA + XX). 

Though sex chromosomes do not exhibit pycnotic behaviour and 

are indistinguishable from autosomal bivalents at metaphase I 

in females, the precociously separating pair might represent 

the sex chromosome bivalent. 
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3.2.2 Subfamily : 

ienus t 

Species i 

Species : 

Orchese Ulnae 

Dicranocentrus 

fraternus Text figvires 19-22^25 
27,30 and 31 

singularis Text figures 23,24,26 

28 and 29 

^ 2n = 11 (lOA + X) 

5 2n =_ 12 (lOA + XX) 

Two species belonging to the genus Dicranocentrus 

constitute the material for the present study viz, Dicrano­

centrus fraternus and Dicranocentrus sinqularis. Males and 

females of both these species have been studied. 

The speirmatogonial count from a number of metaphase 

plates suggests the diploid chromosome number for both these 

species as 11 (Figs. 19 and 23) while wellspread oogonial 

metaphase plates indicate diploid nxuiiber for females of both 

the species investigated as 12 (Figs. 22 and 24). Many tetra-

ploid spermatogonial metaphase plates of D, fraternus also 

confirms this finding (Pig. 21), All the chromosomes of 

either sexes in both the species are small rod shaped or 

slightly c\irved with terminal centromere. One chromosome in 

the males and two in females are slightly smaller than the 

rest. From diplotene onwards upto metaphase I the chromosomes 
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form five bivalents and a univalent in males (Figs. 25 and ^6), 

while six bivalents in females (Figs. 27-29). All the biva­

lents show single chiasma (Fig, 25) which persists till early 

metaphase I. Due to increasing meiotic condensation the 

bivalents do not show much difference in size among themselves 

at metaphase I. However, at diakinesis of D, fratemus and 

and metaphase I of D. singular is (Figs. 25 and 26) some distinc­

tion between them could be made. Chiasma terminalization 

coefficient indicates that loss of chiasmata is maximvun at 

late diakinesis stage in both the species. The bivalents do 

not show differential staining behavioxir among themselves or 

with the univalent. The orientation of the bivalents either 

at primary spermatocyte or at primary oocyte metaphase stage 

does not suggest separate plate formation for sex bivalent 

(Pigs. 27 and 28). The first meiotic division in both the 

species is reductional while the second homeotypic in nature. 

No interkinetic stage exists between the heterotypic or homeo­

typic division of meiosis. Anaphase I and roetaphase II of 

male D. fratemus show sorting out of the chromosomes into two 

groups of 5 and 6 each (Fig, 30). The occurrence of two 

different types of metaphase II nuclei with unequal nxmber of 

chromosomes viz 5 (all autosomes^ and 6 (5 autosomes and 1 sex 

chromosome) along with their sorting in two groups suggest 

heterogametic nature of the males for both the species of 

Dicranocentrus. The metrical analysis at metaphase I stage 
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indicate the mean total chromosomal length (TCL) as 7,2 /̂  

and 7,0 A* while the relative length of sex chromosome measures 

as 14% and 15% of TCL in D, fraternus and D. sinqiilaris 

respectively (Table IV), 

At telophase I of female D, fraternus (Fig, 31) all 

the chromosomes are equally distributed to the poles forming 

almost two clumped dark stained structiures separated by 

spindle fibres. 

The presence of two types of metaphase II nuclei 

plates in all male specimens of both the species indicate XO, 

XX type of sex determining mechanism in this genus viz O 2n = 

11 (lOA + X) and ^ 2n = 12 (lOA + XX), the males being the 

heterogametic sex. However, the sex chromosome bivalent in 

metaphase 1 females do not show distinctive pycnotic property 

or separate plate formation. At primary spennatocyte the sex 

chromosome could be readily identified by its lone nature and 

small size (Pig, 26). 



3.3 

3.3.1 

JO 

Family : Paronel l idae 

Genus : CallyntrxHra 

Species : l i n e a t a (Parona)/ 1892) Text figxures 
32-35 

(? 2n = 1 1 (lOA + X) 

5 2n = 1 2 (lOA + XX) 

The only species Callyntrura lineata (Parona) represents 

the genus Callyntrura studied in the present investigation. 

Both male and female specimens were available for karyologi-

cal studies. 

From analysis of a number of well spread gonial metaphase 

plates diploid chromosome number of this species could be 

obtained as males having 11 and females with 12 chromosomes. 

Spermatogonial roetaphase plates (Fig, 32) show 11 distinct rod 

shaped small chroBnosomes without any size variation while oogo-

nial roetaphase reveals similar rod shaped 12 chromosomes with 

terminal centromere (Fig. 33). In females, no distinction 

could be made between the autosomes and sex chromosomes. From 

diplotene onwards in males five bivalents with a univalent chro­

mosome is seen without much difference in size (Fig, 34) while 

in primary oocyte metaphase (Fig. 35) six bivalents with indis­

tinct size difference could be ascertained. However one of the 

bivalents at metaphase I of females show clear negative hetero-
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pycnosis. It is worth mentioning here that the vmivalent 

chromosome of males at metaphase I also exhibit similar negative 

heteropycnotic behaviour (Figs. 34 and 35). This behavioiur 

of the sex chromosome is unique in this species since no other 

species studied during present investigation show such negative 

heteropycnotic behaviour. All the bivalents including sex 

chromosome bivalent form single interstitial chiasma which 

persists till late diakinesis stage. First meiotic division is 

reductional/ the second being equational as in other species. 

No interkinetic gap exists between the two stages of meiosis. 

Anaphase I and Metaphase II chromosomes sort out into two'groups 

of 5 and 6 in males and 6 each in females. Metrical analysis cf 

the metaphase I chromosomes indicate mean total length of the 

chromosome (TCL) as 6»8 A« and percentage length of sex chromo­

some to TCL is 15.80 , (Table IV) 

From the occurrence of two different types of metaphase 

II nuclei in males with 5 and 6 chromosomes each and negative 

heteropycnotic univalent in primary spermatocyte metaphase and 

similar bivalent in primary oocyte metaphase, it can be readily 

concluded that sex determining mechanism in this species follows 

XO, XX system, the males being heterogaraetic. The chromosome 

number for this species could be deducted as O 2n = 11 (lOA + 

X) and + 2n = 12(10A + XX). The \inique feature of this 

species is the negative heteropycnotic behaviour of the sex 

file:///inique
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chromosomes which makes it rather easy for their identification 

However, in the gonial metaphase plates no pycnosls could be 

detected. The sex chromosomes do not form separate plate or 

orientation with reference to the autosomal bivalents. 
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3 ,3 .2 Genus t S a l i n a 

Species i s t r i a t a (Handschin, 1928) 

Text f i g u r e s 36-40 

<? 2n = 11 (10 + X) 
$ 2n = 12 (10 + XX) 

The lone species that was available for karyological 

studies of this qenus/Salina striata (Handschin). Both males 

and female specimens of this-species have been studied. 

Spermatogonial count from many well spread metaphase 

plates reveals the male diploid chromosome number as 11 while 

oogonial metaphase plates show female diploid chromosome 

number for this species to be 12 (Figs. 36 and 37)• All the 

chromosomes are either rod shaped or slightly curved with 

terminal centromere. Oogonial metaphase in the polar view show 

peripheral orientation of the chromosomes with occasional 1 or 

2 chromosomes at the centre creating aln»st a hollow spindle 

(Fig» 37). In the spermatogonial metaphase, a single chromo­

some shows slightly positive heteropycnotic behaviour. All 

the chromosomes are small and not much different in size. At 

diplotene and thereafter in males five bivalents and a small 

univalent chromosome i^ seen while in females six bivalents of 

similar size and staining property are seen (Pigs. 38 and 39). 

At anaphase I and metaphase II of males the chromosomes sort 

out into two groups of five and six each (Fig, 40), while at 

the corresponding stages in females, six chromosomes are 
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visible. The autosomal bivalents and sex chromoscxne bivalent 

in females are indistinguishable, Meiosis consists of usual 

heterotypic and homeotypic divisions, reduction of chromosome 

n\imber being attained in the first division itself. TCL value 

for this species is 6.8 /*» and length of sex chromosome is 

14,5% of TCL (Table IV). 

Observation of two different types of metaphase II 

nuclei with five and six chromosomes each or with one chromo­

some less in one of the nuclei clearly indicate XO^XX type of 

sex determining system for this species. This also accounts 

for the presence of one additional chrx)roosome in the oogonial 

nuclei as compared to spermatogonial nuclei. It may be stated 

here that in the interphase nuclei of males occasionally con­

densed body or element is observed towards the periphery of the 

nuclear membrane. Though in metaphase I and II sex chromosome 

is not distinguishable from autosomes, from unequal number of 

chromosomes in metaphase II nuclei in males and difference in 

diploid number of chromosomes between males and females, chro­

mosomal complement for this species can be obtained as of 

^ 2n = 11 (lOA + X) and ? 2n =12 (lOA + XX) • However, sex 

So 
chroradines do not show heteropycnotic behavio\ir. 
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3 . 3 , 3 Genus : Troq lopede tes 

Species t r a s e n d r a n s B h a t t a c h a r j e e / 1985 

Text f igxires 41-45 

^ 2n «= 11 (10 + X) 

5 2n = 12 (10 + XX) 

The only species studied under this genus is Troglopedetes 

rasendrans Bhattacharjee. Both male and female specimens were 

available for study. 

The spermatogonial metaphase spread chromosome count 

discerns the diploid nximber for this species as eleven (Pig. 

41). While basing on the study of a nxomber of oogonial meta­

phase plates, female diploid chromosome number is established 

to be 12, Unlike chromosomes of other Entomobryid species 

stxidied in the present investigation, chromosomes of Troqlo­

pedetes rasendrans are not uniform in size but rather form 

a series (Pig. 41). Except two chromosomes, rest are rod 

shaped small or medium sized with terminal centromere. The 

two chromosomes mentioned above form the largest pair and might 

be regarded as double sized acrocentric chromosome. One of the 

chromosomes is slightly away from the main plate (Pig. 41). 

Unfortunately no properly spread oogonial metaphase plate coxild 

be illustrated. However, from a number of oogonial metaphase 

plates female diploid nximber of chromosomes has been established. 

Sex chromosome in the spermatogonial metaphase plate is the 

smallest element without a corresponding partner (Pig. 41). 
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At diplotne and thereafter five bivalents and a vmiva-

lent chromosome are observed in males (Fig, 43), while in 

females six bivalents of almost equal size are seen (Figs. 42 

and 44), possibly due to increasing meiotic condensation. It 

is worth mentioning here that sex univalent at primary sperma­

tocyte metaphase is very conspicuous by its small size compared 

to autosomes as expected from analysis of spermatogonial plate. 

At anaphase I (Fig, 45) chromosomes sort out in two groups of 

five and six each, sex chromosome being present only in one of 

the groups. All the bivalents show atleast one chiasma and the 

process of terminalization continues upto late diakinesis. The 

first meiotic division is reductional while the second is equa-

tional and at metaphase II of males two types of nuclei are 

met withjOne having five chromosomes while the other six chro­

mosomes. TCL value for this species calculated at this stage is 

7.5 /v» and relative length of the sex chromosome is 10% of the 

mean total chromosomal length of the species (Table IV). 

of The presence of two types7secondary spermatocyte nuclei 

as well as an additional chromosome in the oogonial metaphase 

plates than the spermatogonia! metaphase clearly indicates 

XO,XX type of sex determining mechanism in this species. The 

diploid chromosome number of Troqlopedetes rasendrans# are 

therefore (? 2n = 11 (lOA + X) and ? 2n = 12 (lOA + XX). Sex 

chromosomes do not show heteropycnotic behavio\ar or "auto 
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orientation" but are detectable by their size, being the 

smallest element in the chromosomal complement of the species. 

The other special feature of this species is a pair of double 

size acrocentric, one of which occasionally moves slightly 

away from the main plate. 



Table IV 

Metrical Analysis* 

Species Chrom. No <2n) Mean TCL(^) •/.length of 
sex chrom 

sex deter­
mining system 

ISOTOMIDAE 

Isotoma (s.str.) j ayasr ae 
I.(Desor ia}tr i spinata 

ENTOMOBRYIDAE 

Sinella" (s .str . } moritana 

S.(s.str.) curviseta 
DicranoceTitrus fraternus 
D. singular js 

PARONELLIDAE 

Callyntrura lineata 
Salina striata 
Troglopedetes rasendrans 

13 
13 

11 

11 
11 
11 

14 
14 

12 
(s,l) 
12 
12 
12 

8.2^ 
8.7? 

6.4 

6.8 
7.2 
7.0 

11 
11 
11 

12 
12 

6 . 8 
6 . 8 
7 . 5 

14.0 
16.0 

16.0 

15. 
14. 
, 15. 
I 
/ 

0 
0 
o 

15.8 
14.5 
10.0 

XO/XX 
XO/XX 

XO/XX 

XO/XX 
XO/XX 
XO/XX 

XO/XX 
XO/XX 
XO/XX 

* Based on 10-15 Metaphase I nuclei 



TABLE='V 

Distribution of Female haploid chromosome numbers and Family type 

number in Collembola. 

SUB ORDER and 
Family 

ARTHROPLEONA 
[Poduridae , 

Hypogastru'ridae 

Neanuridae 

Isotomidae 

Tomoceridae 

Entomobryidae 
Paronell idae ' \ 

Cyphoderidae i 

SYMPHYPLEONA 
Sminthuridae 

Total 

Number of 
Species 

Studied 

1 

3 . 

16 

12 

5 

17 
3 
t 

7 

65 

Number of Species with haploid chromosome No, 

4 

? ' 

5 

I 

6 

5 

I 

6 

7 

6 

^ 

5 

17 
3 
I 

1 

31 

7 

3 

k^ 

10 

17 

8 

2 

2 

9 

X 

10 

I 

1 

Family type No. 

7 

7 

7 

7 

6 

6 
6 1 
6 

-

VO 
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Plate XII : Figs. 1-7 ilsotoaa jayasrae Fig. 1,2,4,6; and 

I (Desoria) trispinata Figs. 3,5,7) 

Fig. 1 Gonial metapha Be ( (f ) 
Fig. 2 Gonial metaphase < 5 ̂  
Fig. 3 Gonial metaphase ^ 0 ) 
Fig. 4 Metaphase ! ( ( ? > . 
Fig. 5 Metaphase I < Cf ) 
Fig. 6 Metaphase I < {̂  ) 
Fig. 7 Metaphase I ( Jj| ) 

Bar represents 10f^ 



PLATE M I 
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Plate XIII, Figs. 8-18 (S. montana^ Figs. 8,9,11,12,14-16 

and S, curt/iseta. Figs. 10,13,17 and 18) 

Fig. 8 Gonial metaphase < ̂  ^ 
Fig. 9 Tetraploid metaphase < u ) 
Fig. 10 Gonial metaphase ( (? > 
F i g . 11 D i a k i n e s i s < Cf ) 
Fig. 12 Metaphase I ( (f ) 
Fig. 13 Metaphase I < C? ) 
Fig. 14 Metaphase I, normal ( Q > 
Fig. 15afc>Metaphase I, with B-chrom. < jj ) 
Fig. 16 Metaphase II, with B-chrom. < O ) 
Fig. 17 Metaphase 1 ( 9 ) 
Fig. 18 Metaphase I, another plate < Q > 

Bar represents 10 r 
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Plate XIV, Figs. 19-28 iD. fraternus^ Figs. 19-22,25,27 and 

D, singular i s , Figs. 23,24,26, and 28) 

Fig. 19 Gonial metaphase < cf ) 
Fig. 20 Gonial metaphase, another plate < (? ) 
Fig. 21 Tetraploid metaphase < C? ) 
Fig. 22 Gonial metaphase < 5 ) 
Fig. 23 Gonial metaphase ( cT ) 
Fig. 24 Gonial metaphase < Q > 
Fig. 25 Diakinesis < t? ) 
Fig. 26 Metaphase I ( (f ) 
Fig. 27 Metaphase 1 ( 5 ) 
Fig. 28 Metaphase I (̂  ) 

Bar represents 10 r 
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fj <^- <t 
28 
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Plate XV, Figs. 29-35 <D. singularis^ Fig. 29; D. 

•fraternus. Figs. 30,31; C.(H.} Jineata Figs. 32-35) 

Fig. 29 Metaphase I < Q > 
Fig. 30 Anaphase I < CT > 
Fig. 31 Telophase 1 ( 5 ) 
Fig. 32 Gonial metaphase ( cf ) 
Fig. 33 Gonial metaphase t Q ) 
Fig. 34 Metaphase I C C ? ) 
Fig. 35 Metaphase 1 ( g ) 

Bar represents 10 r 
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Plate XVI, Figs. 36-45 {Salina striata. Figs. 36-40; I. 

rasendransf Figs. 41-45). 

Fig. 36 Gonial metaphase ( (J ) 
Fig. 37afc>GQnial metaphase ( Q ) 
Fig. 38 Metaphase I ( Cf ) 
Fig. 39 Metaphase I < 5 ) 
Fig. 40 Anaphase I ( fJ ) 
Fig. 41 Gonial metaphase ( cf > 
Fig. 42 Diplotene ( 5 ) 
Fig. 43 Metaphase l i d ) 
Fig. 44 Metaphase I ( Q > 
Fig. 45 Anaphase I < £? > 

Bar represents 10 r 
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The Collembolar> germ cell chromosomes are extremely 

minute in size, the TCL for nine species investigated ranges 

from 6.4/^to 8,25/*. This coupled with their almost uniform 

size and shape prevents identification of individual chromo­

somes. This perhaps has shifted the attention of cyto-

geneticists to the study of polytene chromosomes of these 

insects. However, so far only in the tribe (sxibfamily) 

Nean\arinae jjolytene chromosomes have been reported. With 

the meagre data on Collembolan chromosome cytology attempt 

to generalize chromosome behaviour In meioses or to 

establish karotypic inter relationship among various 

species studied dxiring present investigation will be pire-

matmre. However some significant features which come up 

from observations in the preceding chapter, might be 

analyzed with reference to earlier findings* 

It will be worth mentioning here that none of these 

nine species have been studied earlier and even out of six 

genera investigated under the present work, except genus 

Isotoma, no attempt was made to study karyology of any 

representative type of any other genus. 

The haploid chromosome nxiraber of ten species belon­

ging to the family Isotomidae are seven, including the 

present ones viz, Isotoma (S.str.) layasrae Bhattacharjee 

and Isotoma (Desoria) trispinata MacGill, Ffowever Ntmez 

(1962) claims 4 and 5 as the haploid number for Pro isotoma 
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mlnuta (TullbJ and Isotomina thermophila (Axels.) respec­

tively, Kiauta (1970) studied Folsomia Candida distincta 

Bagnall and illustrated prometaphase in primary oocyte 

stage showing seven elements» one of which is slightly 

smaller. He (Kiauta, 1970) comments that the type niomber 

for Isotomidae is definitely n = 7» though in each of the 

two sub-families one species deviates from the general 

pattern. In oocyte diakinesis of Isotomurus palustris 

(Muller) Saure and Brxammer-Korvenkontio (1958) observed 

next to six bivalents an additional univalent which 

represents an "accessory chromosome" according to them. 

It is probable that this chromosome is a "sex chromosome". 

The observation on Isotomina thermophila (AxelsJ by Nunez 

(1962) was based on a single specimen and therefore not 

much reliable. The present work agrees with the illustra­

tion made by Kiauta (1970) indicating that sex chromosomes 

do not show pycnotic behaviour in Folsomia Candida distincta 

Bagnall (Fain, Isotomidae). However the size of the chromo­

somes in _I,(ScStr,) jayasrae Bhattacharjee and Î. (Desoria) 

trispinata MacGillivary seem to be smaller than Folsomia 

sp, (l-2r, Kiauta 1970), Regarding sex determination 

\inivalent sex element could be recognized with certainty 

in primary spermatocyte anaphase of Isotoma antennalis 

(Bagnall) by Nunez (1968), The present work reveals sex 

chromosomes in males to be iinivalent while in females they 

are bivalent without showing heteropycnotic behaviovir. 

file:///inivalent
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The sex determining system is therefore XO. XX for o 

and + respectively. 

Family Entomobryidae has been studied more exten­

sively by earlier authors (eleven species under subfamily 

Entomobryinae and four species of subfamily Orchesellinae). 

It is interesting to note that all these species show 

female haploid number as six* which might be considered as 

•family type* or 'modal nvmiber'. In the present work four 

more Entomobryid species have been studied (two of the 

svibfamily Entomobryinae and another two under subfamily 

Orchesellinae), all show CP 2n = 11 (lOA + X) and + 2n = 

12 (lOA + XX) chromosomal complement. All the chromosomes 

are acrocentric in nature and are not much different in 

size except the sex chromosomes which are the smallest 

element in the karyotype. Males are heterogametic. The 

TCL in the presently studied species ranged from 6.4^ 

to 19%f^ . In S, cvurviseta Brook the precociously separa­

ting pair in the female might be the "sex chromosomes". 

Such a pair has been observed by Nunez (1962) in other 

species of the family Entomobryidae. No heteropycnotism 

(as seen in grasshoppers), despiralized state (as seen in 

certain spiders) or attachment to any particular pair of 

autosomes (as observed in water bugs) have been observed 

in any of the Entomobryid species studied. Anaphase 

sticky bridges as observed in _§. montana have been observed 
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in other Collembolan species as well (Nunez, 1962J, and 

it is presumed that they might appear as the distal ends 

of some of the chromosomes remaining terminally paired 

when others have moved apart. Supernumerary or accessory 

or B-chromosome as observed in So montana are not new to 

Collembolan cytology. Nunez (1962) reported 1 to 3 

superniimerary chromosome.s in Ceratophysella armata 

communis (Fols.) and Hypoqastrvura manubrialis (Tullb.\ • 

In S. montana the number of supernumerary chromosome never 

exceeds one. According to Darlington (1956) supernumerary oi 

the accessory chromosomes may be responsible for imparting 

variability to a species and possibly they originate as 

heterochromatic centric fragments. AccordJLng to White 

(1973) these are special types of genetic polymorphisms 

not subject to Mendelian inheritance. Evidence indicates 

that a low niamber of supernvimerary chromosomes might exert 

a favourable impact on plant vigour. They differ from 

normal or ('A') chromosomes in their variable number and 

greater degree of heterochromatisation. Sharma (1976) 

holds that gradual loss of functions of some extra chromo-

some and its sxibsequent hetorochroraatlsation leads to the 

origin ofasupernumerary chromosome. Whatever way they 

originate they must have come from regular karyotype. 

Muntzing (1967) regards that at least in some cases their 

action is deleteriouso They are retained in the population 
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due to some accumulation mechanism (Nur* 1969). In the 

present species So montana» it is interesting to note 

that this species shows cosmopolitan distribution and is 

variously described by taxonomistsas S, montanay S, hoefti» 

S« coeca and S. submontana - possibly all of these might 

be synonymous to the same species (Yosii# 1978 Personal 

Commiinicatlon) 0 It is tempting to suggest (corroborating 

Darlington's 1956 view) that a single supernumerary 

chromosome might provide this species its wide range of 

dj-versity. It might be worth mentioning here that the 

related species S, curviseta/ which does not exhibit any 

supernumerary chromosome is not a problem species to 

Collemboloui taxonomlst. However the accessory chromosome 

is not observed in all specimens (less than 20% of the 

population and unlike inost grasshoppers so far only in 

females) and no hereropycnotic behaviovir has been noticed. 

At secondary oocyte state (Fig. 16 ) the accessory chromo­

some still retains its somewhat xonexplalned association 

with a chromosome. It seems that the accessory chromosome 

has divided at the second roeiotic division ecjually. 

Similar observation was made in grasshoppers by White 

(1973). In the primary oocyte metaphase of Entotnobrya 

lanuginosa (Nic.) Saure and Brx^mmerkorvenkontio (1958) 

observed a bivalent with clearly heterokinetic behaviour 

("autoorientation") and considered it to be a 'sex element'. 
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From the drawing of Tuzet and Manier (1956) of the primary 

spermatocyte metaphase of E, (cf») nivalis (Lo) the 'X' 

element appears heteropycnotic at prophase. Nunez (1962) 

also reported such element in early spermatocyte prophase 

of E, pseudodecora RaPo In the present finding sex chromo­

some shows positive heteropycnotic behavioior at the primary 

spermatocyte metaphase sjtage of S, montana (Fig. 12 )• 

Djcranocentrus fraternus MariMutt and Bhattacharjee 

and D, singularis MariMutt and Bhattacharjee (Subfamily 

Orchesellinae) also conform to the pattern of the cluromo-

somes and their behaviour at meiosis as in other Entomo-

biryid species mentioned above. However in both these 

species sex chromosome is indistinguishable from tJie 

autosoroeso At dlplotene, mostly single chlasma (shown 

by cross bivalents) are visible as in other species 

(Pig. 25 )• In Orchesella villosa (Geoffr.) Tuzet and 

Manier (1956) observed heteropycnotic behaviour of *y^* 

element at prophase. However no such behaviour is 

observed in the presently studied species* 

In the available literature no karyological report 

devoted to any species of t:he family Paronellidae was found 

and possibly the three species studied in this investi­

gation maXe the beginning. Though Salina st:riata 
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(Handschin) show close similarities with the general 

pattern of the species \inder the family Entomobryidae 

(eg. D, fraternus) in its shape and size or nature of 

chromosomes and their behaviotu: at various stages of 

meiosis, other two species viz, Callyntrtara lineata 

(Parona) and Troqlopedetes rasendrans Bhattacharjee show 

some unique features like negative heteropycnosis of sex 

chromosome(s) in the former and spermatogonial metaphase 

chromosomes differing widely in their size with an 

\inusually big acrocentric pair in the latter species 

(Fig, 34,35,4])Darlington and Lacour (1963.) maintained that 

negative heteropycnosis is caused by "nucleic acid star­

vation", however. White (1973b) overrules this concept 

holdJLng that the negative heteropycnosis is due to rela­

tive uncoiled nature of the chromosome or chromosomal 

segment. In the latter view negative heteropycnosis is 

considered to be a state that can be reversed. In Callyn-

trvira lineata negative heteropycnotism is reflected only 

at the metaphase I stages of males and females sex chromo-

somes# possibly indicating xincoildLng of DNA at this stage, 

which is reversed to uniform staining in the sxabsequent 

stages of meiosiso In grasshopper Monistrla vinosa 

negative heteropycnosis is found only in mitosis and female 

meiosls but not in maleso However no such sex based diffe­

rentiation is observed here. 

file:///inder
file:///inusually
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The asymmetrical \animodal type of karyotype of 

Collembola specially Troglopec^etes rasendrans might provide 

(1) ease of separation of the chromosomes at anaphase and 

(2) accumulation of beneficial genes to the single arm of 

the chromosome with progressive shortening of the other arm, 

Having discussed chromosomal behaviour at meiosis of 

presently investigated species along with earlier findings, 

it is tempting to look into the possible karyotypic evolu­

tion in Collembola and its cytotaxonomic implications* 

Karyotype being a constant and definite feature of 

each species elucidates/degree of affinity between species 

of same genus or higher systematic categories (Benazzi, 

1973). In some groups like Odonata/ Diptera and Coleop-

tera chromosome number is fairly constant whereas in 

Lepidoptera, Trichoptera, scorpions and fishes it displays 

marked variation. Interrelationship between various 

species of Heteroptera have been established through 

cytological key by Manna (1958) and Leston (1958). No 

attempt has been made in this regard in Collembola. 

Collembolan chromosomes are in general small (size 0.5 A» -

2,0y^ ) mostly acrocentric/ rodshaped structures (accep­

ting the view expressed by White(l973b) that all naturally 

occurring rodshaped chromosomes are acrocentric, the 

short arm being invisible due to high degree of conden­

sation) with terminal centromere (*t' type). However, 

file:///animodal
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Grondziel (1973) reported some metacentric and submetacentric 

chromosome in two Entomobryid species. According to Stebbin's 

(1971) classification these chromosomes fonri asymmetrical uni-

modal or *Au' type of karyotypes without microchroraosomeso 

The female haploid chromosome number varies between n = 4 to 

n = 7o However, subfamily Neanxirinae shows wide range of 

variability (n = 4 to 10) and appear to be a conglomerate of 

heterogeneous forms (Kiauta/ 1970) (Histogram, Fig. 46 ). 

It is possible to obtain "type" or "modal" number for families 

like Isotomidae, Entomobryidae and Sminthxiridae as 7,6/5(̂ a.bl€-V) 

respectively. It is interesting to note that in four out of 

five cytologically studied species of Tomoceridae (belonging 

to 2 genera) one 'extra large bivalent' was observed for which 

a 'trivalent' structure was suggested (Saure and Bummer-

Korvenkontio, 1958 and Saitoh and Chiba, 1959) and according 

to Kiauta (1970) basing on this aspect of cytology of Tomo­

ceridae, this family might be regarded as a link between the 

two families viZo Isotomidae and Entomobryidae, Morphotaxo-

nomic studies of various species under above four families viz, 

Isotomidae, Tomoceridae, Entomobryidae Sminthxiridae reveal 

increasing specializiition or phylogenetlc advancement in the 

same order in these families as mentioned above. Karyological 

stxidies as mentioned above corroborate, already established 

morphotaxonomic affinities between these families, Pfowever 



215 

in contrast to the general trend of insect phylogeny of advanas-

ment and specialization coupled with increase in chronosoroe 

nximber (Kiauta 1967, 1968), the Collembolan situation is 

opposite (Kiauta, 1970), Our findings in the nine species 

also supE)ort the view that phylogenetic advancement is 

followed by a gradual reduction in chromosome number from 

family Isotoraidae, Tomoceridae, through Entomobryidae to 

Sminthuridae. Iftifortunately, data pertaining to chromosome 

cytology of vast majority of species are still lacking and 

complete interrelationship could not be established at present. 

Regarding the possible pathway of evolution of karyo­

types in Collembola, mutation or chromosomal rearrangement 

might be considered. However since most of the chromosomes 

in different species studied so far are 't' type (like Acri-

doid grasshoppers) sole centric fusion is over-ir\iled• Cen­

tric fusion followed by pericentric inversions or tandem 

fusions might give rise to single large "doublesized" acro­

centric from two small acrocentric with elimination of a 

centromere (as in some Australian grasshoppers), thereby 

reducing the number of chromosomes in the karyotype without 

changing the type of chromosomes as observed in T, rasendrans. 

Decrease in the chromosome number is one of the most frequent 

tendency in karyotypic evolution leading to increased gene-

concentration that might be caused also by reciprocal tinequal 

translocation (Benazzi, 1973), By repeated occurrence of 

same type of chromosome alterations (Orthoselection) during 
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evolution a balance might be reached between the genetic varia­

bility and biological efficiency and stability of the organism. 

Gradual accumulation of "linked geneclusters" by paracentric 

inversions and translocations in the long arm of the acrocen­

tric chromosomes/ stability might be attained. It might be 

well to mention here that Collembola due to low recombination 

index and low genetic length of the chromosomes (having less 

number of bivalents and less chiasmata) have "greater degree 

of genetic constancy of the population" (Stebbins/ 1950) 

which is of great survival value for insects having five gene­

rations per annum and consequently subjected to a lot of 

environmental fluctuations (Mather, 1953 suggested this in 

Drosophila)• However paracentric inversions are usually not 

detectable at meiosiso 

Thus possible means of chromosomal rearrangements in 

Collembola may be sxunmarised as: 

(i) Tandem fusion and subsequent elimination of a 

centromere/ 

(ii) Centric fusion followed by pericentric 

inversions; and 

(iii) Paracentric inversions incorporating gene-

clusters in one area and subsequent reduction 

of the short arm. 



It seems that the usual pattern of karyotypic evolution in 

other insect orders or arachnids (=spiders) of gradual attain­

ment of symmetrical karyotype through metacentrics from a 

primitive asymmetrical karyotype consisting of acrocentrics 

(as in most grasshoppers) is not established here. However 

it might be only due to lack of sufficient data that no such 

picture is yet emerging, 

Txirning towards the sexchromosome and mechanism of sex 

determination^ it is observed that in Protura (another order 

of Apterygota) sex chromosomes are not detectable morphologi­

cally (Bizzari and Fratello, 1971). However the other Aptery-

gote order, Thysanura shows multiple sex chromosomes (Charlton 

1921). Collembola seems to be somewhat intermediate between 

these two orders. A nximber of species of Collembola have XO 

males, according to Nxmez (1962) but the Neanuridae studied 

by Cassagnau (1968a,b; 1970) do not seem to show morphologi­

cally differentiated sex chromosomes. It will be evident from 

a glance at the Table III sex determining mechanism colximn that 

though very little is known on the sex chromosomes and mecha­

nism of sex determination.at least majority of species show 

XO, XX type of sex determining mechanism. In almost all 

species xinder suborder Symphypleona and most of the species 

under the family Entoraobryidae, sex determining system have 

been established as XO, XX type, male being always the hetero-

garaetic sex. It might be worth mentioning here that in all 
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the nine species presently investigated the same system was 

recorded, Savire and Brummer-Korvenkontio (1958), Txizet and 

Manier (1956) and Nunez (1962, 1968) mentioned heteropycnotic 

behaviour of sex chromosome in various species. Negative 

heteropycnosis of sex chromosome and sex bivalent have been 

observed in Callyntrura lineata in the present studies. More­

over the precociously separating pair in Sinella curviseta 

primary oocyte metaphase might be sex bivalent since similar 

pair has been observed in other Entomobryid species by some 

cytologist (eg. Nunez, 1962). ^art from pycnotic behaviour, 

Collembolan sex chromosome was invariably found to be the 

smallest element in the karyotype (Saxire and Brummer-Korven­

kontio (1958), Grondziel (1973 and present work). 

In the polytene chromosomes of various species under 

sxibfamily Nean\irinae (Family : Neanuridae) Cassagnau (1968a/ 

1980, 1982), Cassagnau and Deharveng, 1981, Cassagnau et. al> 

1979, Lee (1980) and Deharveng (1982) found no differentiation 

in the sex chromosomes and autosomes while studying mitotic 

(=Salivary gland) chromosomes* However a very interesting 

observation has been made by Cassagnau (1971b) in Bilobella 

qrassei Denis, where he reported for the first time (possibly 

the only report so far) XY^ XX type of sex determining mecha­

nism. The males and females of the cited species possessed 

twelve polytene (=2n) chromosomes of which ten were autosomes 
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and two sex chr^omosomes (either XY or XX), From the available 

literature no substantiating data on the karyology of any 

other species of Collembola could be obtained and hence 

Cassagnau's observation of XY, XX type of sex determination 

in Collemboles should be kept in abeyance for the present, 

pending further studies. 
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In this work we have attempted a combined approach to 

study morpho- and cytotaxonomic aspects of Sprlngtails through 

critical analysis of various parameters with special refe­

rence to Shillong population. The present work incorporated 

under two separate sections oxir investigations on Collembola 

of North Eastern States including first report of Collembola 

from the State of Tripvira. All together twelve species under 

five families have been studied including six new species. 

Some practical and easier methods of collection have been 

suggested. We have incorporated new dichotomous keys for 

fa~cilitating easy identification of all new species as well 

as separation of two related genera Cyphoderopsis and 

Troglopedetes. The new species have been compared with their 

related described species. Some new synonymy have been 

suggested through critical analysis of their characters. 

Detailed study of chaetotaxy (both cephalic and trunk) of 

Sine 11a species are made for the first time in this work* 

hopefully for future solution of controversial position of 

Sinella montana species complex reported imder different names 

from diverging geographical localities. This work in general 

supports earlier findings of many taxonomists regarding adap­

tive nature of coloration. However, Yosii*s (1965) work on 

Callyntrura spp. of Taiwan vJLz. C. (H). taiwanica Yosii, 1965 

and C(H,) microphysarxim Yosii, 1965, suggests that coloration 

may be primary rather than secondary criterion for taxonomic 

evaluation in some cases. Our observation on C.(H.) lineata 
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provides a parallel case where two species may be differen­

tiated by distinct color patterns while exhibiting almost 

similar chaetotaxy. One may* therefore, be tempted to 

suggest the occurrence of a sibling or new species in between 

C,(H,) lineata and C.(H.) vestita by resembling the former 

in color pattern and the latter in setal patterns. 

Absence or presence of an extra tooth on the claw or 

number of setae on trochanteral organ or body require careful 

study through ecological background of the species. Presence 

or absence of dental scale appendage is taken as the basis of 

separation of Cyphoderopsis and Troqlopedetes as suggested by 

Bellinger (Pers. comm. 1978), 

Cytotaxonomic studies incorporated in this work present 

interesting observations like low chromosome number corres­

ponding to several (5/6) generations per annum (Mather, 1953) 

and low recombination index providing high sxirvival value to 

Collembola which are often under great environmental fluctua­

tion within a short time. Our observation of a superniomerary 

or B-chromosome in Sine11a montana explains to some extent the 

phenotyplc diversity of this species or 'species complex' and 

throw some light on the possible adaptive role of a single 

supernumerary chromosome in a population, thus supporting 

Darlington's (1956) observations. 



Plate XVII, Figs. 1-fe, SEM studies (D. fraternus^ Figs. 1-

4j C.(H,) liTieataf Figs. 5 and 6) 

Fig. 1 Ocelli and ocellar setae 
Fig. 2 Trunk scales 
Fig. 3 Apex of antenna and whorl of setae 
Fig. 4 liucro 
Fig. 5 Ocelli and ocellar setae 
Fig- 6 Trunk scales 

Bar represents 10 r 
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Plate XVIII, Figs. 7-10, SEM studies iC.(H.) lineata. Figs. 

7-9, Saiina striata. Fig. 10). 

Fig. 7 Cuticle 
Fig. 8 Mucro and clothing of setae 
Fig. 9 Mucro without clothing 
Fig. 10 Mucro 

Bar represen ts 10 f^ 
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Though the univalent sex chromosome during sperrndto-

genesis is readily identifiable, sex chromosomes in 

Collembola usually remain undetectable, however, in this 

work we have noted differential staining behaviour of sex 

chromosome(s) in some species which surely enables us to 

identify them. Occasionally sex chromosomes show somewhat 

precocious separation of sex bivalents during oogenesis. 

This coupled with hetoropycnotic behaviour in some other 

species might be considered characteristic of sex chromo­

somes in Collembola. Due to minute size and almost a 

general vmiformity of shape in majority of the species 

studied, our attempts of C-banding and NOR investigations 

were lansuccessful. However, taking suitable material like 

Troqlopedetes rasendrans having great size variations among 

the chromosomes futvure studies on banding technicfue might 

be carried on. 

In our attempt to correlate morpho- and cytotaxo-

nomic studies we have noted that low chromosome nxomber in 

different species of Ctollembola is an indication of its 

advancement and this is true for the families we have 

investigated viz. Isotomidae, Entomobryidae, Paronellidae 

and Cyphoderidae. Similar observations were made by Nunez 

(1962) and Kiauta (1970). Present findings also confirm 

once again non-adaptive and constant feature of karyotype 



239 

of specimens collected from diverging localities and from 

different biotopeso However, a significant observation is 

the correlation between adaptation and genotypic plasticity 

through supernumerary chromosomal element in Sinella montana. 

At the phylogenetic level from detailed comparison ©f data 

available from morpho- and cytotaxonomy as well as critical 

analysis of this order with Protxira, Diplxira and Thysanura 

cytogenetic findings provide little support to Sharov's (1966) 

upgrading the order Collembola to a class status including 

Protura and Diplura, 

As a follow up project of this work we would like to 

suggest some banding (specially C-banding) technique along 

with biochemical studies on allozyme patterns of various 

species (Hart and Allamong, 1979; Grimmes, 1986) and appli­

cation of numerical taxonomy (Hermosilla et.^o 1985) for 

species determination. Further studies of dominant types of 

Collembola from other states and different ecological niches 

might resolve the roost controversial topic regarding relative 

importance of two major taxonomic parameters viz, chaetotaxy 

and coloration in Collembolan biosystematic studies. As an 

additional tool to biosystematic investigations Scanning 

Electron Microscopic (SEM) studies were carried out in 

R.S.I.C, Shillong Campus with a Jeol Jsra - 35CF microscope 

and photographs were taken in ORWO (B/W 120) films. Three 

species irepresenting three different genera viz. Dicranocen-
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trus fratemns, Callyntrura lineata and Salina striata were 

selected for SEM studies due to their easy availability and 

comparatively bigger body size. Scales of D, fraternus 

(PL.XVli, Figs. 1 and St) being oval or round with truncated 

apex show clear and characteristic variations in striations 

and shape from lanceolate scales of C.(H.) lineata (PL.XVti, 

f-ig. 6) thereby distinguishing Orchesellinae scales from 

Paronellid ones. Likewise ocelli of the cited two species 

show clear size variation among themselves (PL Xvii, figs. 1 and 

5). Cuticle of C. (H.) lineata (PL.XVitf, Fig. 7) indicates fine 

'j-,granular structxare or simple sculpture of integument suppor-

::t.lng earlier observations that Collerabola with heavily protec-

-̂:t2Lve body clothing possess simple cuticle (Dallai, 1977). 

.Macro of C.(H.) lineata clearly differs from other two species 

<i>eing well developed polydentate structure, distinct in 3/1) 

ŷ iew (PL.xrlif, fig. 9), We feel, it will be much rewarding . 

%p make SEM studies of various morphological featiires, parti-

CT̂ larly integvmient and clothing of Collembolan species for 

reinforcement of classical taxonomy. Regarding importance of 

PQlytene chromosomes in taaonomy we agree with Cassagnau and 

Lejs. (1982) that 'polytene development being an adaptive charac­

ter should not be used for systematic interpretation'. How­

ever finer details of structural and functional aspects of 

CoLlembolan chromosomes might be revealed through studies of 
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the giant chromosomes. It is worth mentioning here that 

morphotaxonomic deviations of different species may not always 

correlate to their karyotypic variations (Blackman et.al. 

1987). A combined morpho-, cyto- and biochemical approach 

to Collembolan systematics surely await prospective taxo-

nomists. It seems appropriate to conclude this work with the 

statement of Capanna (1973) that "the two data i.e. the karyo-

logical and the taxonomic should be never discussed separately; 

but only by providing a valid morphological criterion for 

identification of the species shall we be able to claim that 

we have solved the systematic problem, ... This is indeed no 

easy task". 
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