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FOREWORD

Collembola popularly known as “Springtail” dominate micro faunal insect biomass in
the soil and their significant effects on the soil structure, aeration and fertility are well
documented. Collembolans are primitive, small (0.25 to 6 mm in length) wingless insects,
occurring in all possible habitats (except seas and oceans) even in Antarctica up to 83°
south latitude where no other insects are found.

First pioneer taxonomic work on Indian springtails was done by A.D. Imms (1912).
Thereafter, contributions of Prof. D.K. Choudhuri, Late Prof. N.R. Prabhoo and Dr. S.K.
Mitra are worth mentioning. Dr. Hazra has been actively working on taxonomy and
ecology of Collembola for the last 30 years, with his expertise in this field it is expected

that he shall bring out more such works on the remaining Collembolan families with shri
G.P. Mandal.

I am sure that the present handbook will help the student researchers, agricultural and
soil scientists in the country, as no such publication so far available for the beginners to
identify this little studied insect order.

Dr. RAMAKRISHNA
May, 2007 Director-in-Charge
Place : Kolkata Zoological Survey of India
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INTRODUCTION

Collembola-popularly known, as “springtails” are small and permanently wingless
insects. The English entomologist Sir John Lubbock in the year 1870 gave the name
Collembola to this group of insects. The small to minute insects with a range from 0.25
mm to 6 mm in length. Antennae with 4 to 6 segments. These are minor pests in agriculture
but its importance as biological agent in the soil forming process are immense. Many
species of collembolan are now established bio-indicator of soil pollution as well as soil
fertility. The collembola have a very wide distribution, occurring in all parts of the world
and in any atmospheric habitat. They occur to the vicinity of both south and north poles
(up to 83° south latitude in Antarctica). Few species are living of permanently on glaciers
or snow fields. The diversity as well as the greatest number is found in rich organic
matter content soil. Some species live freely on the surface of the water (viz. Podura
aquatica). They are less abundant in the dry habitat. The Collembola are divided into two
suborders, each characterized by a distinct body form. The Collembolans, which have
elongated body, come under suborder Arthropleona. In the Symphypleona the body is
compacted and globular.

There are approximately 7500 described species worldwide (Frans Janssens, 2005).
From India about 230 species under 86 genera, 8 families and 2 sub-orders are known.
The present hand book provides pictorial key to 8 families, 11 subfamilies and 82 genera.
The classification followed here after Christiansen & Bellinger (1980).

GENERAL MORPHOLOGY OF COLLEMBOLA
(Figs. 1 and 2)

The Head : It is more or less oval shaped in dorsal view, which varies considerably
in different species, depending upon whether the jaws are directed, anteriorly or ventrally
said to prognathous or hypognathous. In Sminthuridae the long axis of the head is typically
vertical and the antennae arise dorsally.

The Antennae : These are normally consisting of four basic segments. In many
Sminthuridae the last segment or last two segments are divided into a few or many sub-
segments.

The post antennal organ (PAO) : This organ is found in some families between the
antennal base and the eye region. This organ has got immense taxonomic value.

The eyes : The eye patch behind each antenna, which consists of from 1 to 8 in more
or rectangular arrangement, usually located on a heavily pigmented area.

The Thorax and the legs : In each segments of the thorax there is a pair of six segmented
legs. Some times there are one or more sub apical hairs on the tibiotarsus, these are called
tenent hairs and have considerable taxonomic important. The leg terminates in one or two
claws, the larger is known as unguis, the smaller one is known as unguiculus.

The abdomen : Unlike other insects the abdomen of collembola is six segmented. In
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most of the species of Arthropleona the abdominal segments are distinct where as the
Symphypleona the first four segments of the abdomen are fused with thorax to form a
globular-mass. In majority species of Symphypleona the females bear chitinus structures
on each side of the anus. The anal appendages are important in the separation of species.

The ventral tube (Collophore) : In the abdominal segment a circular or cylindrical
bilobed appendages is present which is known as the ventral tube. Because of the presence
of this peculiar structure by all the known species the name of this order was given as
Collembola. It secretes glue like substances, which helps in adhesion process.

The farcula : The common name of this group is spring tail insect has been originated
for the presence of this organ. It is appended to the ventral surface of the fourth segment
of the abdomen. It is present in the majority of species, in some it is lacking or poorly
developed. The structure is composed of a pair of appendages fused in their basal portion
to from the manubrium. From this basal segment a pair of separate elongate structures
known as dentes, which attached distally with small hook like structure which is called
as mucrones (Fig. 1).

eyes — head; rthorax-|

coxa precoxae -collophore foot complex

Fig. 2. Showing schematic diagram of a typical Symphypleonid Collembola
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Body clothing : The body of the Collembolans is clothed with different types of hairs
arranged in patterns, which gives the identity of different species. There are some sensory
hairs arising from cup like pits in the integument is called bothriotricha.

COLLECTION AND PRESERVATION OF COLLEMBOLA

These small tiny insects may be collected from most of the habitat. But the collection
techniques are different for taxonomical study and for the ecological study. A white
enamel tray and aspirator are most use full tools for the collection of collembola to be
used for taxonomic studies. Sometime alcohol may be given in the tray or on a large
Petridis and then by beating the bushes or mosses or forest litters the Collembolans may
be collected by inducing them to jump on these objects. They are then picked up in the
end of a fine brush and transferred to fixative. But large numbers and greater varieties
of collembola can be obtained by employing stainless steel corers (Fig. 2a) for collecting
known quantity of soil samples. The cores are then placed on Tullgren funnel or High
gradient extraction apparatus (Macfadyen, 1953) (Fig. 2b). The Tullgren funnel is simply
a funnel, or rows of funnels with a wire net on which soil, litter, mosses etc are placed.
An electric bulb above the funnel is hanging to provide temperature. A tube with alcohol
below the funnel is kept for the collection of soil insects. But the Tullgren funnel technique
is unsatisfactory for fine-grained materials and mineral soil as these materials is passed
through the wire-net easily. Therefore, for which things the soil sample is immersed in
water or salt solution and stirred, and collembolans float to the surface of solution and
collected by picking up with brush. This method is known as flotation technique.

Preservatives : The Collembolans can be preserved in Von-Torne’s medium. It consists
of 1000 cc. Isopropyl alcohol, 30 cc glacial acetic acid and 3 cc. 40% formaldehyde.

Mounting media : For studying the collembolans the media which permit mounting
directly from alcohol or clearing agents are useful. Hoyer’s mounting medium perhaps
would be best. It consists of 50 cc. Distilled water, 200g. Chloral hydrate, 40cc. Glycerin,
20 gm. gum arabic, these mixture should be filtered through glass wool.

Fig. 2a. Stainless steel soil sampler : A. sample holder B. Stainless steel corer.
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Funnel— - — o __
Rubber Bond ~-- - - —
Glass Tube ~— — — -

n "prst:f

Tulgren funnel extraction apparatus for soil fauna

SYSTAMATIC ACCOUNT

Phylum ARTHROPODA
Class INSECTA

Subclass APTERYGOTA
Order COLLEMBOLA

Suborder ARTHROPLEONA

Key to Families of COLLEMBOLA

Body linear (Fig. 3A, B); at least anterior 4 abdominal segments dorsally separated

by membranes lacking setae, or furcula rudimentary or absent (Suborder-
Arthropleona)..........cuieicccrersinncsisnscsnsesinnnenescsesene ceeeensaeneansnessssaesssssasastesnenesanes R
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Body globular (Fig. 3C); anterior 4 abdominal segments fused dorsally; furcula
always well developed (Suborder Symphypleona).........cccccoeuveeunereuererncrcnseennenennns 10.

Fig. 3
First thoracic segment dorsally distinct and with dorsal setae (Fig. 4A) (Section
PodUIomOrpha) ... ssaes 3

First thoracic segment without dorsal setae and frequently not visible dorsally (Fig.
4B) (Section Entomobryomorpha)

}

Fig. 4

Dentes more than 3 times as long as manubrium with distal rings of granules (Fig.
BA) e bbb e s PODURIDAE

Fig. 5

Pseudocelli present, at least on antennal base (Figure 6) or dorsum of fifth abdominal
ONYCHIURIDAE
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Mucro hairy (Fig. 7A) : fourth antennal segment shorter than third : body scaled
........................................................ ENTOMOBRYIDAE (Subfamily TOMOCERINAE)

Mucro with at most 1-2 setae (Fig. 7B) : fourth antennal segment at least as long as
third: scales present or absent..........iveirinseseineiiniencnisnnneisisisiessisssissssssssesssess 6

Fig. 7

Dentes with dentate spines (Fig 8A) : mucro sub equal in length to dens or longer
.................................................. ENTOMOBRYIDAE (Subfamily ONCOPODURINAE)

Dental spines simple (rarely) (Fig 8B) or absent : mucro usually much shorter than

Fig. 8

P.A.O present (Fig. 9A) or (2 species) absent and setae at most unilaterally ciliate
ISOTOMIDAE

Fig. 9

Dens dorsally crenulate and curving upward, basally in line with manubrium
(FIZ.LOA) eveecetttcttsnncnntcsescaasssasesssessasassssssssssssssassossassos ENTOMOBRYIDAE

Dens not crenulate, straight and usually forming a basal angle with manubrium
(Fige 10B) ettt cncsssssassse s s sesssasssssesesssasassssssssssssssessssssssssssssssones 9

Fig. 10
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9. Eyes and pigment absent; dens with large dorsal scales and without apical lobe

...................................................... ENTOMOBRYIDAE (Subfamily CYPHODERINAE)
9’ Eyes and pigment present; dens without dorsal scales and with apical lobe (Figure3B)
................................................................ ENTOMOBRYIDAE (Subfamily Paronellinae)
10. Antenna shorter than head; eyes absent ..........cccowcvcurnereereunnrercncrcesnseincnnnn, NEELIDAE

10°. Antenna longer than head, or at least 1+1 eyes (Sometimes unpigmented)............
.................................................................................................................. SMINTHURIDAE

Section PODUROMORPHA

This includes Arthropleona with setae on the first thoracic tergite. Only this character
will surely distinguish all species from some superficially similar Isotomidae. However,
any Arthropleona with the last two antennal segments more or less fused, or with the
postantennal organ made up of separate lobes, or without a molar plate on the mandible,
belongs here. In general, the species have a weakly sclerotized, granulate or tuberculate
integument without clear distinction between sclerites and membranes; relatively sparse
chaetotaxy of simple setae (weakly serrate, knobbed, or spin-like setae occur); relatively
short appendages, with the furcula and tenaculum often rudimentary or absent. The color
is usually brown, blue, or white, without striking pattern. The majority of species are
found in litter, soil, or caves.

Of the three families recognized here, the Poduridae are very distinct in structure and
habitat. The Onychiuridae are similar in many respects to the Hypogastrurinae, but may
almost always be distinguished by the pseudocelli and sense organ of the third antennal
segment.

Fig. 11

Family PODURIDAE

Poduromorph Collembola with a mandibular molar plate and eyes, and a very long
furcula, which reaches the ventral tube when at rest. The head is hypognathous; P.A.O
and unguiculi are absent. A single genus and species are known (Fig. 11).

Genus Podura Linnaeus, 1758
Type species : P. aquatica Linnaeus, 1758
Family HYPOGASTRURIDAE

Poduroid Collembola with the furcula short or absent, the third antennal segment
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sense organ simple and typical pseudocelli laking. The mouthparts vary in structure in
this family more than in any other Collembola; see Fig. 14. The furcula, when extended
posteriorly, never reaches beyond the end of the abdomen; this character distinguishes
the family from all other Collembola except Onychiuridae and some Isotomidae. In addition
to pseudocelli and a complex third antennal segment sense organ, almost all Onychiurids
have a long, parallel- sided P.A.O. with many tubercules in a grove, whereas the P.A.O.
in Hypogastruidae, if present, is rounded or oval and usually has few tubercles. All
isotomnids with a short furcula may be distinguished from any similar hypogastrurid by

the absence of setae on the prothoracic tergum, and from almost all hypogastrurids by the
P.A.O in the form of a single vesicle.

There are 2 subfamilies of Hypogastruridae, which may be distinguished as follows :
Mandible with a basal molar plate (Fig. 12A, C) .......ccuuuee..e. HYPOGASTRURINAE
Mandible absent or without a molar plate (Fig. 12B) .........cccceererunune.. NEANURINAE

The molar plate (see figures in key to genera of Hypogastrurinae) is easily seen in well
cleared specimens of most genera; the two genera in which it is weakly sclerotized differ
from all Neanurinae in having conspicuous, lamellate unguiculi.

Fig. 12

Mouthparts of Hypogastruridae. In each figure the mandible is on the right and the
maxilla on the left.

A. Anuridae amorita Folsom

B. Neanura muscorum (Templeton) after Massoud

C. Hypogastrura oregonensis Yosii
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Key to Genera of HYPOGASTRURINAE

1. PLALO QDSENL ...ttt sa s s s s enss 2
17 P.ALO PIESENL..ucieeceeieienccsensinnssnsssessssssisessssssssessssssssssssssssssssssssssssssssassssssssssnsaes 3
2. 4-5 €YEeS PET SIAE ettt enssanaes Xenylla
2" EYES ADSENL ... s sassassssaereene Acherontiella
3. Anal spines 3 (Fig. 13A); 9 or more dorsal dental setae .............ce..... Triacanthella*
3’. Anal spines 0 or 2 (Fig. 13B); or fewer dorsal dental setae ...........ccceeeueueueururrunnnee. 4
4. EYES 8 + 8.t e a s 5
4" EYES 6+ 6 OF fEWET ....uuucurrritsricscsnesniniisnsesesssnnssssesesissssssssssssssssssssssssssssssssssasssssssns 7
5. Furcula abSent ..........cvricrnuierssisriniscnennsscesssesnssenns Knowltonella*
5 FUICUIQ PrESENL ....c.cucuueectinerisescncsestssseicsescssnssssmsessssassssssssssssssssssssssssssssssssssssesssssssasses 6
A B
Fig. 13

6.
6
7. Furcula absent .........ccccoveruruenruruans Hesessnesssisisiniiitsit st b sasatRss s b bR s bt Rsse SR RS RS RS RS e s R sh eSS REe 8
7’ FUrcula PreSent.......uiieieniieetencsnnnssnssscn e rssensesssssssssssssssssasssssssasessssssasssssasens 10
8. P.A.O. elongate with 2 rows of oblong tubercles (Fig. 15A) .....cccoeuvruniuneurenresrnirrersanns

................................................................................................ Sensiphorura (Onychiuridae)
8 P.A.O. circular with triangular tubercles (Fig. 15B) .....coevvmvieivenniniiccnciinnnns 9
9. Unguis strongly toothed; clavate tenent hairs ........cccccveveievcivncnicicicnnnncace Tafallia*
9’ Unguis without tooth; at most 1 clavate tenent hairs ........ccceoenecevennecnnee. Willemia
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Fig. 15
10. More than 1 clavate tenent hair per foOt......ccecvuruvrunerisusesnssesccacsenes Mesachorutes*
10° 1 acuminate or clavate tenent hair per foot ..........vuccrnneisiennessssssssssnsnseseensanenns 10
11. Mandible with strong molar plate and several apical teeth (Fig. 14)... Schaefferia®*

11" Mandible with weak molar plate and at most 1 apical tooth (Fig. 16) ....................

....................................................................................................................... Microgastrura®

Fig. 16

Key to genera of subfamily NEANURINAE
1. Mucro trilamellate (Fig. 17) .....cccocvcrieineinncrnsnnisesnscscsescssscseeennns Odontella (Odontella)
1’ Mucro not trilamellate; frequently reduced or absent ............ccoeueiveurreruveneciiesnneenenen. 2
1' Lo X

Fig. 17
2. Unguiculus present (Fig. 18); P.A.O triradiate (Fig. 19A) Odonetella (Xenyllodes)
2’ Unguiculus absent; P.A.O. when present lobed (Fig. 19) ..ccccccoceceeisunisensisesinnuninnunnncs 3

Fig. 18
3. Maxilla sickled- shaped (Fig. 20A); 3 or more anal spines or spine -like setae, or 2

such setae and MUCTO fUSEA 10 NS ...uceeevccrerieecccceeriereernereesesisnneseeeesscsesssoreenesens Friesea
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3" Maxilla quadrate (Fig. 20B), narrow and lamellate (Fig. 20C), or needle-like (Fig. 20
D); anal spines absent, or 2 anal spines and mucro separate from dens ............... 4
ENGy
A B% ¢ YRS
Fig. 19
4. Furcula present with all segments diStinct........cccoeeuvereveesensceneeseniencisniecsisninenns soseres B
4’ Furcula reduced or absent; mucro always absent ...........ccccecvieriniiersscsinnusisenssnnsens 7
5. Head of maxilla quadrate (Fig. 20B)........ccceceusirrrusesssensinsescnsensnscsnaecs Brachystomella
5’ Maxilla otherwise (Fig. 20D) ......cccecovmmmnniiscinisnentsesiesescsssssansspsssessssssessssssssssensacseses 6
6. P.A.O present; anal spines absent .........cccececrvrerrcrcnnees bessesassssassessasssssasass Pseudachorutes
6’. P.A.O absent; 2 anal SPINES ......c.ccouvuvcrirenesenisnninssisesesisesmsesessessssssneisssssssnses Oudemansia
7. Last abdominal segment bilobed; body usually with conspicuous tubercles
(Fig. 19A) ...ourccntrsisnsicsecsesssssescssesssessssasses danssenssesssssasasasssssassssniasssssstsessrsesaens 8
7’. last abdominal segment rounded; body without conspicuous tubercles (Fig. 19 B)
................................................................................................................................................ 9
R B } @j 0
Fig. 20
8. P.AOD. PreSENL......curienciiivrnrerneninisenisnncnnnisinnnssssseisinessssssesmsssssssssssssssssssssses Morulina*
8" P.A.O aDSENL ...ttt ssssasaenis Neanura (Plate 1, fig. 2)
9. P.A.O PIeSeNL .....cueeeceeeeretntnienenetssesesssissasssssssstsssssssssssssessssssssssssasssssssasssssassasns Anurida
9" P.A.O @DSENL ...ttt s s ss s s sans Paranura
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Family ONYCHIURIDAE

This family is characterized by the presence of pseudocelli (occasionally hard to see)
on the head and body and by the distinctive and usually complex apical organ of the
third antennal segment. All species lack eyes and, except for Lophognathella, dark pigment
and a functional furcula. They resemble Hypogastrurinae in mouthpart structure and
general body form; all except Onychiurus (Archaphorura) spp. differ from the most similar
Hypogastrurinae such as Willemia in having more numerous P.AO tubercles.

There are 4 genera, easily separated by a number of characters.

Key to genera of Onychiuridae

1. Furcula with dens and mucro present; tenaculam present............. Lophognathella*
1’ Furcula of paired knobs, single fold, or absent; mucro and tenaculum absent .... 2
2. Last 2 antennal segments completely fused ......cccovveuvcucrisecinnnnnnce, Sensiphorura
2’ Last 2 antennal segments distinctly separated ............cocoveeevennnniscrivenccencncnenenen. 3

3. Apical sense organ of third antennal segment with 2 sense clubs behind 4-6
integumentary papillae (Fig. 22A) ......ccouvuevinniiinnsnsnnsssnseesesnsnsnsessenens Onychiurus

3’ Apical sense organ of third antennal segment with 1-3 exposed sense clubs (Fig.
22B) oo b s bR st st R e R b b Tullbergia

Fig. 22

Section ENTOMOBRYOMORPHA

This includes Arthropleona with the first thoracic tergite reduced and membranous or
fused with the second tergite, and always lacking setae. Any linear springtail with the
furcula reaching the ventral tube at rest and a post antennal organ or scales or multilaterally
ciliate setae belongs here. Forms with the furcula shorter or absent may be distinguished
from almost all poduromorpha by the distinct sclerites which are clearly set off from the
much weaker inersegmental membranes; abundant setae, usually with a clear
differentiation of types; relatively long appendages , with the antennal segments all distinct.
While many species are colorless or uniformaly colored, bright and striking patterns,
usually of blue markings on a white or yellow ground, are common. Species are found
in all habitats where any Collembola occur.

Of the two families recognized here, the isotomids have simple to bilaterally ciliate
setae and (almost always) a postantennal organ; the entomobryides have multilaterally
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ciliate setae and/or scales, and the few species with a postantennal organ are scaled. Very
young specimens of Tomocerus resemble Isotomids in these respects.

Family ISOTOMIDAE

This family includes Arthropleona with all antennal segments distinct, well developed
mouthparts with a mandibular molar plate, pronotum reduced and laking setae, unguis
with a single inner margin, third and fourth abdominal segments comparable in length,
dentes without multidentate spines, and without scales or “flexed” setae. With 2 exceptions,
both of which lake eyes and pigment, all species have a P.A.O; this is in the form of a
single tubercle, which varies form round to elongate and parallel-sided. In all other respects
the characteristics of the family are extremely variable. The following features may be
present or absent; pigment, the apical retractile antennal papilla, antennal blunt setae,
eyes, unguiculli, tenaculum, furcula, anal spines, and bothriotricha. The integument ranges
from smooth to reticulata or coarsely rugose. Setae may be uniform or differentiated in
form and length, and smooth or serrate. All species are plurichaetotic , at least beyond the
first instar.

The classification of this family is in a very unsatisfactory state. Attempts to divide it
into subfamilies have not been successful because of the existence of intermediate forms,
and many “genera” also intergrade.We follow Gisin’s classification for the most part; this
system, already somewhat arbitrary, becomes more so with the addition of species falling
on the borderline of genera whose definition has been based on European species. A more
“natural” classification may be possible, but would require systematic study of additional
characters such as chaetotaxy, and should be based on a study of the world fauna.
Fortunately, most species whose generic assignment is in question are not difficult on the
basis of specific characters.

Key to the genera Isotomidae

1. Anal spines 2-4, terminal at end of abdomen, on projecting papillae (Fig. 23C);
furcula never reaching end of abdomen; eyes 8 + 8......ccoeveninvniinennecnninniennne, 2

1’ Abdominal spines absent, or sub terminal (Fig. 23 B), or not on papillae (Fig. 23C);
or furcula extending beyond end of abdomen; eyes 8+8 or fewer .........ccccceceeuee. 3

T T

Fig. 23
2. 4 aNal SPINES ......ocveeriririirirciic st sessasasasas e sa s naaes Tetracanthella®

2", 2 ANAl SPINES ....uucrcrriririierinssnisssssessnsissssast st s s s b s st sbs s s s s bt Uzelia
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3. Abdominal segments 4-6 fused (no clear non-setactwiuis band separating these
segments) (Fig. 24B) .....cucerevunnnnrsunereseeineseseninenssssssssseseseensnsssssssssssssssssssssens Folsomia

3’ At least forth and fifth abdominal segments separated by a clear non-setaceous
band or structure (Fig. 24A) ........nrnensisinesinnesinisnnnsensnaisensnssnssssisssssssssssssssssssssasses 4

4. Furcula well- developed; mucro with 2 (Fig. 25A) or more teeth, or lamellate (25B)
settaeaiers bttt s AR AR SRS RS SRR SRR SO RS SR R SRRSO AR SR SRS RO SRS SRR SRS SRRSO OB SRRSO BRSO RS 10

................................................................................................................................................ 5
1 =L <L
\—
A 8 C
Fig. 25
5. Furcula bifurcate (Fig. 26A); tenaculum present ..........ccouvcvcinsninsnsesnsenncnssssascnsnsenns 6
5" Furcula without paired distal projections (Fig. 26B) or; tenaculam absent ............ 7
’
r
A A
/A 2 o
/ \ W
A B
Fig. 26
6. Integument coarsely granulate (Fig. 27) ............cccceueuuuecee. Coloburella (Coloburella)*
6’ Coarse integumentary granulations absent .........ccccecuceuciuserenesenserenens Stachanorema®
7. Eyes 2+2 or more; antenna with apical retractile papilla .........ccceuveernrreuininciuecncnnes
..................................................................................... Anurophorus (Anurophorus)*

7' Eyes 1+1 or absent; no apical retractile antennal papilla........cccocovevurcrcresecssensneanens 8
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8.

9l

10.

10

11.

11’

12.

12

13.
13'.
14.

14'.

15.

15’

» D

)

,))

b .

yH»

)>§;
J
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Fig. 27

Rudimentary furcula present (Fig. 26B); integument coarsely granulate (Fig. 27)
............................................................................................ Coloburella (Paranurophorus)

Furcula completely absent; integument finely granulate..........cccoeeeevvunncrennnnnnnnnas 9
Fifth and sixth abdominal segments fused......c.ccccceurerurnernrrneecnnnene.. Micranurophorus
Fifth and sixth abdominal segments separate..... Anurophorus (Pseudanurophorus)

Abdomen subtermially with 2-6 spines set in strongly rugose surface... .................
..................................................................... ” Spinisotoma” ecomorphs of Isotoma spp

Abdominal spines absent or not set on rugose surface.................. 11 Proisotoma (P)

Head wider than second thoracic segment; antennae shorter than head (Fig. 28A)
Metisotoma

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Head subequal to or narrower than second thoracic segment; antennne longer than

head (Fig. 28B) .....cooueemvrrisieinncnniinieninsiininnniiisnssessesssesnssssesmsssssssssasssssssssssssssssssses 12
@ S
5 N\
A
Fig. 28
P.A.O absent ; eyes and pigment absent ............c.ccovvurrvrurrreeerennenenennnen. Isotomiella
P.A.O present; eyes and pigment present Or NOL......cce.ccvrueerereninserennnnnssesnnennenns 13
Ventral manubrial setae 10 or more (usually 14 Or MOTE) ......ccccerrurerererrernenirnssnenns 14
Ventral manubrial setae 9 or fewer (usually 6 or fewer).......cccocevveveneveniernrcenenne. 20

Sense organ of third antennal segment with more than 10 blunt setae (Fig. 29A)
Axelosonia

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Sense organ of third antennal segment with 2 (Usually) to 4 or 5 blunt setae
(3 T- 4] . ) O ecerassssesssesassesnsassssssusasasarsa RSSO RS RLs e SR e e R s PR TR BRSSO RSO ES 15

Dentes dorsally SMOOLh .......cuecnicnnincinniseiscnsssnasnnes Isotomurus (Hydroisotoma)

Dentes dorsally crenulate or tuberculate ..........cooevevevinieinnnicsnsciiscsiincnns 16
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Fig. 29

16. Abdominal macrochaetae coarsely, multilaterally ciliate (Fig. 30A) second to fourth
abdominal segments with bothiotricha .... Isotomurus (Isotomurus) (Plate 1, fig. 3)

16’ All setae smooth or unilaterally ciliate (Fig. 30B); bothriotricha absent ............... 17
el E&’
0\
A
Fig. 30
17. Dentes with dorsal papillate spines (Fig. 31)....ccoceuvvvereneerevunennrennnene Semicerura®
17° Dentes WithOut SPINES.......ccvinuiuiirinineiininiiiinisiisissessaeenssesssssssssssessssssssssssssssses 18
S |
Fig. 31
18. Dentes dorsally tuberculate (Fig. 32A) ......cccoeiiiiivunrennnenisnnncensneessnennsesnsnnsenesenennes 19
18’ Dentes dorsally crenulate (Fig. 32B) ........cccocvuvureunnsnensurncnnanes Isotoma (Plate 1, fig. 4)

nl NN LS l ')
; N’é’z‘;o&‘miﬂ .
7~ 8

Fig. 32
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19. Subapical dental seta greatly exceeding apex of mucro .........coeevereeereeeceneas Agrenia*
19° No dental setae exceed apex of mucro (Fig. 33) ................. Isotoma (Panchaetoma)
A
-~ ) —
T
Fig. 33

20. Cephalic integument reticulate (Fig. 34 A); 8 anal spines present on papillae .......
....................................................................................................................... Weberacantha*

20" Cephalic integument granulate (Fig. 34C), tuberculate (Fig. 34B), or smooth; anal

spines present or absent, rarely on papillae .........ccocoeuuivinnrinnnccnncnneene, 21
o
k’s\ TN
T e AL
A 8 'c
Fig. 34

21. Manubrium ventrally without setae .......c.ccueeverenernennietniee st s, 22
21’ Manubrium ventrally with SEtae .........ccccuevereneintnenineseenteeene s 26
22. Mucro with 2 basal flaps (Fig. 35) ..ccccocvueenntriveerercreersintrnntenennsennnenas Archisotoma
22’ Mucro without basal flaps ................... berereisss bbb R R R s R R b e R bR b b sban s s Rt 23

Fig. 35
23. Dorsal dental SEtAe 7 OF MOTE .......cc.ueeusreresecrsssssessssssssseasssssssessssssnssssssssssssssssssssssssssess 24
23" Dorsal dental setae 3 OF fEWET .......ceciviineneeniniriiiniinisisisanissssssssssssssessssssssssssssassssasas 25
24. Dentes without ventrolateral setae (Fig. 36A) ......ccocoeirivenrvnnnininniesenecnecs Bonetrura*
24’. Dentes with 1 or more ventrolateral setae (Fig. 36B) ..........ccoeoeiveririnnneses Proisotoma

25. Abdomen with spine-like setae on sixth segment; dens with 2 setae in ventral half
Isotomodes

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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25

26.

26’

27.

27’

28.

28’

29.

29’
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Fig. 36

Abdomen without posterior spine -like setae; dens with 1 or no setae in ventral half

.............................................................................................................................. Folsomides
P.A.O with margin divided into 4 quadrants (Fig. 37A); some macrochaetae
CONSPICUOUSLY CHLIALE .....u.uceererirnnrireisineenctctere et sasssesssessasassensasassens Micrisotoma
P.A.Q margin not divided into quadrants; (Fig. 37B) no clearly ciliate setae ..... 27
A B
Fig. 37
Mucro with 3 Or MOTe Leeth .......u.cuveeevienneiicreeecseeeecssesscsssseessasssssssnassssesees Proisotoma
MUCTO DIA@NEALE ....oveieneiieiecrietiearecreceeessterssessessssssssssssassasessassssssessestossssessssssssnsessssssns 28
Fifth and sixth abdominal segments separated by clear non-setaceous band or suture
............................................................................................................................. Proisotoma
Fifth and sixth abdominal segments fused.............ccccovvuemerrvenererenesnrnenseernensenssenees 29
Dens with 6 or fewer setae in ventral half ..........ccoooevevrcininccrennscnencne. Dagamaea
Dens with 7 or more setae in ventral half ............cccoeeeueeernerrcnnnnnneee. Cryptopygus

Family ENTOMOBRYIDAE

This family includes all members of Arthropleona having the prothorax reduced and
without setae, and with scales and/or with the fourth abdominal segment much longer
than the third. The clothing is generally of a wide variety of setae, including large,
multilaterally ciliate or striate macrochaetae whose distribution is of great importance in
the taxonomy of the group; except where otherwise clearly indicated, we have followed
the system of Szeptycki (1969, 1972) in describing this distribution. Scales, when present,
are diagnostic, since they are found only in this family. Most species lack a postantennal
organ and Unguiculus are always well developed. The Furcula is always well developed;
the form of the dens and mucro are characteristic in the different subfamilies. There are
5 subfamilies of Entomobryidae.
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Characteristics of subfamilies of ENTOMOBRYIDAE
Key to genera of Entomobryidae

1. Dentes smooth (Fig. 38B) .........c.covuriniininnnnenenininscnnsereneneesesesensssssssssssssssssssssesssens 2
1" Dentes crenulate (Fig. 38A) (Sub family Entomobryinae) .........ccecocuvcecuscnseniencncnse 6
A ‘%&
8

Fig. 38
2. Dental Spines absent ..ottt ssssssssssssssins 3
2’ Dental spines present (Fig. 39).....ccocvuuverinirirsiirscsnsnenusissssmsssssssssssassseseasessnssensassssssss 4

/4 ’
(e (o

Fig. 39
3. Mucro at least 1/3 as long as dens (Subfamily Cyphoderinae) ............ Cyphoderus
3" Mucro less than % as long as dens (Subsfamily Paronellinae) ..........ccccoeccueee. Salina
4. Dental spines relatively small, on basal portion of dens only (Fig. 40A) (Subfamily
TOMOCEIINAR) .....cccvrireercrersenrerrracersressesseransasessnsassnsnans peesssestsnsesesensesnenssasssnsestsans Tomocerus
4’ Dental spines relatively large, most conspicuous toward apex of dens (Fig 40B)
(Subfamily ONcopodurinae) .........cuceiiicinisesniieiniieiasesnssssssesseesses 5

(«“f_\m / /
A ﬁs
B

Fig. 40
5. Eyes and pigment Present.........evimniscsiesesnnnnisnniesssssisesessnsasseseasaes Harlomillsia
5. Eyes and pigment abSent ............ccocvuvenrereerncnseninnnscsneenincsisesesnssssssssnanes Oncopodura*
6. Body With SCAlES ...ttt sast s ssre s saes 7
6’ Body without SCales ...ttt benes 12
7. Mucro falcate (Fig. 41A) ....ricncstnincniiicssssisinsssssisssssssssssssssssssssessssssssnss Seira
7 Mucro bidentate (Fig 41B) ....cccccoeverueemmimnniressirerciisnissnsessnsescsesssesessissssmsssssssssasasssssss 8
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12.
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13.

13’
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14’
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s N g

Fig. 41
Dentes with scales On Ventral SUTfaCe ..........ccooevereviniresiiisessssnsnsnsesssssasnessssssesssesesenss 9
Dentes WithOUt SCAlES........cocovmcrisnnisiniisiniiinnisisisiiiismaeasssasssssssessssssssssssssasssssssasses 1
Forth abdominal segment at midline more than twice as long as third............... 10
Forth abdominal segment at midline less twice as third ...................... Heteromurus
EYES 8 4 8ttt s ssssssssssssssassssssssssssssssasssssans Lepidocyrtus
EYES 6 + 6 OF 1€SS..uuiiirveeritieeritetnineenststsinssnesesnsssssnesssensasssssssssssssssssesanns Pseudosinella
Scales narrow, without clear marking (Fig. 42A) ......coeveerennercnenene. Anetschekbrya®*
Scales broad, and clearly striate (Fig. 42B)........ccecevururererennurrennucrersnenersnennes Willowsia
AO B
Fig. 42
EYES 444 OF fEWET ..cuceeeeineninrenesiasscnnssestssassnssssssssssessassssassasessassnsassssssssssssssssssssss Sinella
EYES B8 ..ttt snssssesasssssssssassssssnsasassasasaassenssassens 13
Forth abdominal segment at midline less than 3 times as long as third .............. 14
Forth abdominal segment at midline motre than 3 times as long as third..............

............................................................................................................................ Entomobrya

Unguis with 2 unpaired and 2 paired inner teeth (Fig. 43A); first and second antennal
segments SULSEZMENLEd ...........cccveririeerrienieneccinnnisiie s ssescsesensnsasaronnes Orchesella

Unguis with 3 unpaired inner teeth (Fig. 43B); antennal segments not subsegmented
.............................................................................................................................. Corynothrix

Fig. 43
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1.

Key to the Indian genera of subfamily Paronellinae

Body covered with SCales ...t ssnssessssssesssssans 2

— Body not covered with scales............couvueiiniirisnisisiniei s 3

2.

Dental scale appendage and 4 + 4 frontal spines present, antennal segments without
thick outstanding brush setae .........cccocovvrvnrsninicccrerrcnrerenenann. Callyntrura Borner

- Dental scale appendage and 4 + 4 frontal spines absent, antennal segments with

3.

thick outstanding brush setae ...........ccovuverininicrncrrencisnnns Dicranocentroides Schott

Mucro well developed, stout, bidantate or tridentate, dental scale appendage equal
or subequal to mucronal length

Mucro vestigial in the form of a hook; dental scale appendage highly enlarged ..
............................................................................................................................ Yosiia Mitra

Mucro with 2 apical teeth; ventral tube anteriorly on anterior face with 5+5
macrochaetae; 1+1 frontal spines reduced ..........eovurirrurnrnrnnneeee. Pseudosalina Mitra

Mucro with 3 apical teeth; ventral tube anteriorly on anterior face with 4 + 4
macrochaetae; 1 + 1 frontal spines well developed .................. Salina MacGillivary

Key to the species and subspecies of Salina

. Mucro long, narrow, superficially lobed into teeth, dental scale appendage relatively

small, tergites with many macrochaetae (Fig. 44A, B, C, E, F, and G) .....................
............................................................................................................... The Indica Group 2

Mucro short broad, deeply lobed into teeth, dental scale appendage relatively large,
tergites with less number of macrochaetae (Fig. 44. D,H)

Body always with patches of blue-black or orange pigments...........ccoeceveveennnennnnnns 3

Body without any pigment, thoracic tergites II, IIl and abdominal tergites I, Il margins
darker and II sometimes with faint violet pigment ...............cc.......... indica (Imms)

. Thoracic tergite Il with transverse orange bands or patches, abdominal tergites

I-IV with median orange patches or pigments and V-VI with caudal patches.......

.......................................................................................................................... biformis Mitra
Thoracic tergites II, IIl with dark blue-black pigment or orange suffusion extending
abdominal tergites I, II; I-VI sometimes without patches .............. bengalensis Mitra
Body devoid of dark pigment, tergal margins seldom with faint violet pigment;
chaetotaxic formula of Ths. II, III/Abds.I, I =7, 5/2, 3............ celebensis (Schaffer)
Body mostly with dark or variable or without pigment.......cccovneniieeeninnnnne. 5
. Pigment usually in the form of violet streaks or small patches .........ccoeoverecunennnee. 6

Pigment in the form distinct of longitudinal or transverse bands with various
combination Of PIgMENLS ......cceueviriiiniiiiiireiin s saees 7
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6. Lateral margins of thoracic segments. II, III and abdominal tergites I, II, darker with
darker pigment including into abdominal tergite II; thoracic segments Il, III and
abdominal I-IV with inconsistent violet patches .........ccceeeeeieeiiiniucnns montana (Imms)

Laicral margins of thoracic segments. II, III and abdominal.LILIII with purple
pigment; abdominal segment IV with two characteristic median and caudal patches

on each having violet lateral streaks...........ccccoureeeverniennnrerncsensesssnensennes yosii Salmon
7. Pigment usually tends to form longitudinal bands ..........eeevcenccsnnencnncnnnnnnnne. 8
Pigment usually tends to form transverse bands at least on thorax .............cce....... 9

8. Two longitudinal usually interrupted bands on each side of thoracic segments II, 111
and abdominal I, II and IV with an additional median and caudal band or patch
striata (Handschin)

Fig. 44. A, Typical Chaetotaxy of ventral tube; B, C, mucronal structures of indica group (B, from
S. indica; C, from S. bengalensis); D, mucronal structures of celebensis group from S. javana);
E, F, G, apices of flexed macrochaetae from thorax indica group; H, apices of flexed
macrochaetae from thorax of celebensis group); I, a microchaeta from the general surface
of the body in celebensis group; J, a lasiotrichium.
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Two longitudinal bands forming more or less characterstic quadrangle ones on each
side of body, lateral bands darkest; abdominal segmentd II-IV with-an additional
median Streaks .......c.ccuieneninieirerrsennensensesecseseessesessans cevvereesnensenenes tricolor (Handschin)

A. Pigment does not cover entire surface of any segment..........ccceveuervercrnererseeensusensennes
................................................................................. bessesssseeneanes triCOlOY tricolor (Handschin)

B. Dark blue-black pigment totally covers Th. Iil, Abds. I, I, Th.II entirely with pigment
or non pigmented; half of Abd.IV posterodorsally with dark blue black pigment or
with irregular blotches or SpoLts; .........cccouieereinsinsesscrinnnsiescscesnens sikkimensis Mitra-

9. Thoracic segments III with transverse blue-black bands; abdominal segments I, II, V
and VI with a continuous lateral band from head to segment III and IV with paired
medial patch ... Becseseinsnnsnniasessssassssnesasns javana (Handschin)

A dark blue-black band surrounds the entire body through lateral margins of the
Head, thorax and abdomen with two dark blue-black narrow transverse bands
which on abdominal segment II and IV connecting the lateral bands......................

..................................................................................................................... choudhurii Mitra

Key to the species of Dicranocentroides

1. Body generally without dark pigmented patches (Fig. 45A) .......ccoueuunviunccissssasniens 2
Body with distinct dark pigmented patches (Fig. 45B) ......ccccovuveneiinnnnieneiernnnee 3
2. Body dark brown to pale yellow, lateral edges of thorax and abdomen faintly
pigmented at times; antennae not pigmented .........ccccoeeeeveriirurnrnennne flavescens Yosii
Body brown with faint purple blue pigment: Antennal segments. 1, 11, III each with
a pigmented distal ring, segment. IV pigmented..........ccceeverurenee.. indica (Handscin)
3. Abdominal segments I, II and VI without pigment; III with a middle quadrangular
dark patch, IV also with a posterior transverse band ..............ccccceuuceee. gisini Mitra

Fig. 45A. Lighter form Fig. 45B. Pigmented form
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Abds. 111, IV dorsally and/or laterally always pigmented patches ........cccccoueueense 4

. Sexually dimorphic in colour pattern; thoracic segment II totally pigmented with

reddish blue pigment; thoracic IIl and abdominal segments.I, II with lateral dark
pigment and IV of both sexes with violet or metallic pigment in each laterally ...
.................................................................................................................... fasciculatus Imms

Sexually not dimorphic in colour pattern; males and females pigmented with equal
intensity; thoracic. III and abdominal segments. I, II mostly with dark pigmented
PACRES oo s salmoni Mitra

Key to the species of Callyntrura

. Dental scale appendage present ...........cocoeccrvvvuevesseecseesenerescsncnsasans (Handschinphysa) 2

Dental scale appendage absent (Fig. 46) .......c.ccceevvueurusernrsnsanas — (Callyntrura) 5

. Head, thoracic. II, IIl and abdominal segments I-II with deep blue-black pigment, IV

with or without median dark blue-blac pigment, ........ccceeunueuineiivencnisnicicnincnncnnnnes 3

Pigmentation variable or without pigment, thoracic. II, IIl andabdominal segments
I-1II pigmented, IV-VI at least with a pair of plgmented spots or patches..............
....................................................................................................................... lineata (Parona)

| thereaz

X, "|(powerter roven)

Fig. 46. Left. General plan for zonations of segments of Callyntrura. Right. Mucronal pattern of

Callyntrura (after Mitra, 1994).
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3. Abdomonal segments. IV-VI with or without transverse pigmented bands or spots
................................................................................................................ vestita (Handschin)

Abdominal segments.IV-VI with either median transverse pigmented bands or
patches; legs without bands ..., 4

4. Abdominal segment III with lateral purple patches extending to the body; legs with
DANAS ..ottt sas st sassas st sa s s b b sssneas borneri (Imms)

Abdominal segment III with a lateral conspicuous pigmented spot, IV with with a
narrow transverse patch, others with darker pigmented streaks ..............cccouuu..c.

5. Ventral side of mucro with many serrations; thoracic II, IIl and abdominal tergites
I, IV with dark blue-black pigment........cccevevrvieveinirereneereenenees serrata (Salmon)

Ventral side of mucro with distinct teeth; thoracic and abdominal tergites without
PIBIMENES .ocoriieetrteeneeteteestntecnessse sttt ess s s asssss e st ssstesssasnssessesssnsasssssassnsnsssassansen 6

6. Lateral margins of heads, thoracic. II, IlI, abdominal segments. I, I, IIT with purple
PIGMENL ...oenrrrrcrctitriiiniininerennesnnssssssscssisessssssesesssessssasossns semiviolacea (Handschin)

Abdominal segment. IV with dorsal pigmented patches ..........cccceceeevrerureeennsencneee. 7

7. Body with faint purple to blue pigment with a narrow lateral stripe extending to
abdominal segment IV ........venininnniinninicssisssnissssnsssesisises zaheri Mitra

Body with varable pattererings.........ccocuviveveiveiceiniiniinesisissssninscsnscisssesesssesssesenns 8
8. Thorax dusky; abdominal segment IV with transverse patch ... japonica (Kinoshita)

Thorax with blue-black pigment; abdominal segments.IlI and IV with lateral blue
black pigment bloches..........cueivnuiiiresinnienrcsnninisinisiscsencsnns longicornis (Oudemans)

Suborder SYMPHYPLEONA

Globular Collembola, without clear indication of trunk segmentation at least between
the thorax and last two abdominal segments; Furcula always well developed. Probably a
composite group, including two families that are not closely related.

Family NEELIDAE

Members of this family have the thorax and abdomen fused into a spherical or ovoid
mass with the thoracic and abdominal portions sub equal (Unlike Sminthuridae); they
lack eyes and have antennae shorter than the head and a dens subdivided into two parts.

The thorax is relatively large; the posterior trunk segments form a single mass, with
-only the prothorax and sometimes the mesothorax set off by distinct sutures. The head
and body have more or less clearly demarcated sensory fields bearing specialized setae.
An apical ventral process on the manubrium and a basal dental process form a
supplementary articulation (Fig. 47) between these segments. There is a single genus
present in this family.
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Fig 47. A. Manubrium of genus Neelus; B & C : Two (m & R) types labral structure in genus Neelus

Genus Neelus Folson, 1896
Family SMINTHURIDAE

This family includes all Symphypleona with eyes and members have the antennae
longer then the head, which is hypognathous. A post antennal organ is absent and the
first four abdominal segments are fused; the limits of the thoracic segments may be visible
dorsally or not; the fifth abdominal segment may be distinct or fused to the fourth or sixth
segment. The coxae and trochanters have characteristic shapes and bear setae and other
organ of taxonomic value. The mucro is always elongated and commonly serrate along
one or both margins. Sexual dimorphism occurs in many genera and may involve foot
structure, supra anal structure, setal form, special organ of the head and body coloration,
and size. The animals are usually brightly and strongly pigmented, and many have striking
patterns.

Key to subfamilies of SMINTHURIDAE

1. Forth antennal segment less than half as long as third................ DICYRTOMINAE

Forth antennal segment at least as long as third .........coineinnesnesnccsisisnnscsssnnes 2

2(1). Female without subanal appendages; male without clasping organ ............c.........
.............................................................................................................. SMINTHURIDINA

Female with subanal appendages; male without clasping organ ...................... crnensn 3

3(2) Metathoracic trochanters with trochanteral organ ............................ KATIANNINAE

Metathoracic trochanters without trochanteral organ ................... SMINTHURINAE

Key to the genera of Sminthuridae

1. Forth antennal segment less than half as long as third.........ccccceeeuneeeee. Dicyrtoma
Forth antennal segment more than half as long as third ........cceceevesennuscisiasennns )

2(1). With 2 or more clavate tenent hairs ............ccooeveneerernnnenernsasnsssscsssassesssssnns s 3
Without clavate tenent hairs...........cccoeveevnmeesueecennnes T —— 4

3(2). Tenent hairs 2 to 3, parallel to long axis of tibiotarsus, very strongly clavate(Fig
ABA) coveerrrerenrrnrisenssstesnessssssstessessssesssssssssssasnesssssseses et seessssnenssesssnanesassssensnssns Boyrletiella*



HAZRA and MANDAL : Pictorial Handbook on Indian Collembola

PLATE-I

Plate1. Arthroplenoid Collembolan genera: 1. Hypogastrura, 2. Neanura, 3. Isotomurus, 4 & 5. Isotoma,
6. Anurophorus, 7. Metisotoma, 8. Isotoma, 9-13. Lepidocyrtus, 14. Willowsia, 15-23. Entomobrya,
24-26. Orchesella and 27. Tomocerus (Modified after Maynard, 1951)
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PLATE-1I

Plate2. Symphyplenoid Collembolan genera : 1. Dicyrtoma, 2. Neelus, 3-12, 14, 15, 16, 18, 19, 23.
Sminthurides, 13, 20, 21, 24. Bourletiella, 22. Sminthurinus, 17. Katiannina (Modified after
Maynard, 1951)
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PLATE-III

SOME MAJOR COLLEMBOLA SPECIES
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PLATE-1V

SOME MAJOR COLLEMBOLA SPECIES
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Tenent hairs often more than 3, outstanding and not strongly clavate (Fig 48B) ..

.......................................................................................................................... Sminthurinus
A" A B
Fig. 46
4(2). EYES 2 + 2 OF fEWET .unennrrerrcrerenircnsessnnssnescsnesssssnsnsssssssssssssasasssans Arrhopaliestes
EYES 4 4 4 OF MOTE c.unnceicreterercnrctentetencenetetessssasan st ssssssessstssssssnsssssssssssasssassenssasssnassnes 5
5(4). Fourth antennal segment with 8 or more subsegments.......................... Sphyrotheca
Fourth antennal segment with at most 6 subsehments. .............ccc....... Sminthurides
ACKNOWLEDGEMENT

We express our sincere thanks to Director-in-charge, Zoological Survey of India for
providing laboratory facilities.

REFERENCES

Bagnall, R.S. 1949a. Contributions towards knowledge of the Isotomidae (Collembola).
VII-XV. Ann Maag. Nat. Hist. (12)2 : 81-96.

Bagnall; R.S. 1949b. Contributions towards a knowledge of the Onychiuridae (Collembola
: Onychiuridae) V-X. Ann. Mag. Nat. Hist. (12)2 : 498-511.

Baijal, H.N. 1955. Two new species of Collembola. Agra Univ. Jour. Sci. Res. 4 : 175-177.

Baijal, H.N. 1958. Nival Collembolan from the North-West Himalaya. Proc. Nat. Acad. Sci.
Allahabad (India). 28 : 349-360.

Baijal, H.N. 1971a. On new species of the genus Pararrhopalites Bonet and Telbez
(Collembola : Arrhopaliatini) from India. Zoologischer. Anz. 189(1-2) : 94-96. 5 figs.

Bajjal, H.N. 1971b. Indian species of Sminthurus Borner (Collembola : Smimthurinae).
Zoologischer. Anz., 189(5-6) : 405-408. 9 figs.

Baijal, H.N. 1995. Entomological survey of Himalayas : Part-IV. Two new species of
Collembola. Agra Univ. Jour. Res. Sci. 4(1) : 175-178.

Bonet, F. 1930. Sur quelques Collemboles de L’ Inde. Eos., 6 : 249-273.

Borner, C. 1913b. Zur Collembolen fauna Javas Das Trochanteralorgan der Entomobryiden.
Tijdschr. Entomol. 56 : 44-61.

Brown, J. M., 1932b. A new species of Proisotoma from India. Proc. Hawai. Cull Soc., 8 :
35-36.



28 Zoological Survey of India

Carpenter, G. H. 1917. Collembola: Zoological results of the abor expedition 1911-1912.
Rec. Ind. Mus., Cal. 8 : 561-568.

Carpenter, G. H. 1924. Collembola of the siju cave, Garo Hills, Assam. Rec. Indian Mus.
Cal. 25 : 285-289.

Choudhuri, D.K. 1958a. On two new species of Onychiurus Gearvais, from the British
Isles. Proc. Ent. Soc. London, : 155-159.

Choudhuri, D.K. 1958b. Some new species of Onychiurus Gervais (Collembola :
Onychiuridae) from Nepal & Uganda. Proc. Roy. Ent. Soc. Lond. (B), 27(9-10) : 147-
154.

Choudhuri, D.K. 1963. Revision of Bagnall’'s work on the genus Onychiurus (Collembola)
Proc. Nat. Acad. Sci. India. 33 : 329-341.

Choudhuri, D.K. and Roy, S. 1965a. A new species of Onychiurus (Insecta : Collembola)
from West Bengal. Rev. Ecol. Biol. Sol., : 123-127.

Christansen, K.A and Bellinger, P. 1980-81. The Collembola of North America, North of
the Rio Grande. A taxonomic analysis. pub. Grrinnell College, Grinnel. IOWA,
50112. (Parts I-1V) : iii + 1322.

Christansen, K.A and Bellinger, P. 1992. Insects of Hawaii. Press. Honlulu. Vol. 15 : viii +
445; 134 Figs., 162 plates, 99 maps.

Christansen, K.A and Bellinger, P. 1998.The Collembola of North America North of the
Rio Grande, A taxonomic analysis, Grinnel College, Iowa, : 1-1520.

Deharveng, L. 2004. Recent advances in Collembola systematics. 6th International Seminar
on Apterygota, Siena, Italy, 2002, Pedobiologia, 48, 2004, : 415-433.

Denis, J.R. 1936. Yale North India-Expedition: Report on Collembola. Mem. Conn. Acad.
Arts and Sci., 10 : 261-282.

Denis, J.R. 1947. Deux Proisotoma de I’ Inde (Collembola). Proc. R. Ent. Soc. Lond. 16 :
101-104.

Denis, J.R. 1948. Collemboles d’ Indochine recoltes de M.C.N. Dawydoff. Notes Entomol.
Chin., 19(17) : 183-311.

**Fjellberg, A. 1985. Artic Collembola. I-Alaska Collembola of the families Poduridae,
Hypogastruridae, Odentellidae, Brachystomellidae and Neanuridae. Entomol Scard.
Suppl. 21 : 1-126.

Fjellberg, A. 1988. Six new species of Collembola from North Norway (Hypogastruridae,
Odentellidae, Onychiuridae, Isotomidae) Fauna Morv. Ser., B 35(1): 35-41.

Fjellberg, A.1992. Hypogastrura arborea new species, a tree climbing species of Collembola

(Hypogastruridae) from Vancouver Island, British Columbia Can. Ent. 124 : 405-
407.

Gisin H. 1960. Collembolen fauna Europas. Museum d’ Histoire Naturelle, Geneva : 312.



HAZRA and MANDAL : Pictorial Handbook on Indian Collembola 29

Goto, H.E. 1955. On some Malayan Collembola, including a description of Salina pulchella
sp. n. Ann Mag. Nat. Hist. 12(8) : 36-42.

Handschin, E. 1928. Collembola aus Java. Treubia. 10 : 245-270.

Handschin, E. 1929. Beitrage zur Collembolen fauna von Sud Indien. Rev. Suisse, Zool.,
Geneva, 36 : 229-262.

Hazra, AK. 1977. Ecology of Collembola at Eden Garden, Calcutta, (In collab.) Ecol. Bull.
(Stockholm) 25 : 534-544.

Hazra, A.K.1982. Soil and litter arthropod fauna of Silient valley, Kerala : A preliminary
report. J. Soil. Biol. Ecol., 2(2) : 73-77.

Hazra, A.K.1995. Fauna of Meghalaya (Insecta : Collembola) : State fauna series: Zool. Surv.
Ind., 4(3) : 13-32.

Hazra, A K. and Choudhuri, D.K. 1981. Studies on distribution of Collembola population
in two different soil conditions (Gangetic alluvium and lactrile soil) in relation to
some major edaphic factors. In : Progress in soil Biology and Ecology in India (Ed. G.K.
Veeresh), UAE Tech. Ser. No. 37 : 131-142.

Hazra, A K. and Choudhuri, D.K. 1983. A study of Collembola communities in cultivated
and uncultivated sites of West Bengal in relation to three major soil factors Rev.
Ecol. Biol. Sol., 20(3) : 385-401.

Hazra, A K., Mitra, S.K., S. Sengupta and Bhattacharyya, B. 2000. Fauna of Tripura (Insecta
: Apterygota : Collembola). State fauna series 7 part 2 : 141-154.

Hazra, A K., G.P., Mandal and S.K. Mitra. 2001.a. Diversity and Distribution of Collembola
(Insecta : Apterygota) from Sikkim Himalaya. Orion press Int. vol. 1 : 144-148.

Hazra, AK., G. P, Mandal and S.K. Mitra. 2001b. Diversity and Distribution of Collembola
(Insecta : Apterygota) from Manipur. Environment and Ecology. 19(3) : 519-522.

Hazra, A K., G.P. Mandal, S.K. Mitra and B. Bhattacharyya, 2003. Fauna of Sikkim (Insecta :
Apterygota : Collembola). State Fauna series 9 parts 2 : 109-123.

Hazra, A K. and B. Bhattacharyya. 2003. Studies of Collembola from Agricultural fields
and Waste disposal sites of West Bengal with special reference to their microbial
association. Zool. Surv. Ind., Occ. Paper No. 214 : 1-199.

Hazra, A K., G.P. Mandal and K. K. Suman. 2004a. Diversiyty and Distribution of
Collembola (Insecta: Apterygota) from Western Ghat (part-1). Orion Press
International, Vol. 3 : 499-504.

Hazra, AK., G.P. Mandal and K.K. Suman. 2004b. On a collection of Collembola insects
from Jammu and Kashmir. Bionotes, vol. 6(1) : 30.

Hazra, A.K., G.P.Mandal and K.K.Suman, 2004c.On a collection of Collembola (Insecta:
Apterygota) from Ghatsila, Jharkhand. Bionotes, Vol. 6(2) : 48.

Hazra, AK. and G. P. Mandal. 2005 Notes on some Collembola (Apterygota: Insecta)
from Rajasthan. Rec. Zool. Surv. Ind., 104 (1-2) : 1-6



30 Zoological Survey of India

Imms, A.D., 1912. On some Collembola from India, Burma and Ceylon with a catalogue
of the Oriental species of the order Proc. Zool. Soc., London, 1912 : 80-125.

Imms, A.D. 1948. A General Textbook of Entomology,including The anatomy, Physiology,
Development And Classification of Insects, Seventh Edition, 1948, Order 3.
Collembola (Spring-tails), : 227-233.

Janssens, F. 2005. Note on the Morphology and origin of the foot of the Collembola. (In
prep).

Janssens, F. 2005. Note on the Collembolan ordinal Morphogenetic Relationships (Hexapoda
: Collembola) (In prep).

Jordana, R., Arbea, ]J. I. & Ramous, M.A. 1997. Collembola, Poduromorpha, Familia
Poduridae Familia Hypogastruridae. Fauna Iberica, vol. 8. Museo Nacional de
Ciences Naturales, CSIC, Madrid, : 1-233.

Lee, B. H. and Thibaud, J. M. 1998. New Family Gulgastruridae of Collembola (Insecta)
based on Morphological, Ecological and Molecular Data., Korean J. Biol. Sci. 1998 :
451-454.

Linnaeus, C. 1958. Systema Nature. Ed. 10. vol. 1. L. Salvius, Copenhagen. : IV + 824.

Lubbock, J. 1876. On a new genus and species of Collembola from Kerguelen Island. Ann.
Mag. Wat. Hist., (4)18 : 324.

Mandal, G.P. and A K. Hazra, 2002. Collembola Insects from Sri Sai Venkateswara National
Park, Tirupati, Andhra Pradesh. Bionotes, vol. 4(4) : 89.

Mandal, G.P. and A K. Hazra. 2004. On a collection of Collembola insects from Himachal
Pradesh with Zoogeographical note. Bionotes, vol. 6(4) : 116-117.

**Mari mutt, J.A. 1985. Three new species of Heteromurus (Alloscopus) and descriptive
notes for species of the subgenus (Collembola : Entomobryidae) Fla. Entomol. 68 :
335-346.

**Martynova, E.F., 1980. New data on the fauna of the spring-tails (Collembola) from
Siberia & the Far East-Nov. Maloizvestiye. Vidz. Funny Sib. 14 : 49-64.

Maynard, E.A. 1951. A monograph of the Collembola or spring tail insects of New York
State. Comstock, Ithaca. : xxvi + 339.

Mitra, S.K. 1966a. On some Indian Collembola with the description of a new species of
Xenylla (Collembola : Hypogastruridae). Sci. and Cult, Calcutta, 32 : 210-211.

Mitra, S. K. 1966b. Two new species of Salina MacGillivray (Collembola : Entomobryidae :
Paronellinae) J. Ent. New Delhi, 28(1) : 67-73.

Mitra, S.K. 1967. A new genus and species of Indian springtail (Insecta : Paronellinae)
Proc. Zool. Soc., Calcutta, 20 : 43-47.

Mitra, S.K. 1972. An accessory ocular structure in two genera of Paronellinae (Collembola
: Entomobryidae) Oriental Inst., Delhi, 6(3) : 267-271.



HAZRA and MANDAL : Pictorial Handbook on Indian Collembola 31

Mitra, S.K. 1973a. A new Paronellinae genus of Indian spring tail (Collembola :
Entomobryidae: Paronellinae) with the descriptions of three new species. Rev. Ecol.
Biol. Sol., Paris, 10(3) : 359-377.

Mitra, S.K. 1973b. A revision of Salina MacGillivray, 1894 (Collembola : Entomobryidae)
from India. Oriental Insects, Delhi, 7(2) : 159-202.

Mitra, S.K. 1973c. Some observations on the post-embryonic morphological differentiation
including chaetotaxy in Callyntrura (Handschinphysa) lineata (Parona, 1892). Zool.
Anz. Leipzig, 191(3-4) : 209-218.

Mitra, S.K. 1974a. On the post embryonic morphological differentiation including
chaetotaxy in Callyatrura (Handschinphysa) lineata (Collembola : Entomobryidae :
Paronellinae). Pedobiologia, DDR, 14 : 323.

Mitra, S.K. 1974b. A critical study on some species of Callyntrura Borner, 1906 (Collembola :
Entomobryidae : Paronellinae) from India. Rev. Ecol. Biol. Sol. Paris, 11(3) : 397-439.

Mitra, S.KK. 1975a. Studies on the genus Dicranocentriodes Imms (1912) (Collembola :
Entomobryidae : Paronellinae) from India. Rec. Zool. Surv. India, 71 : 57-95.

Mitra, S.K. 1975b. Behaviour during ecdysis and the mode of eclosion from egg in Lobella
(Propeanura) corallina (Imms, 1912) (Collembola : Neanuridae). ]. Bombay Nat. Hist.
Soc., Bombay, 72(3) : 868-870.

Mitra, S.K. 1976a. Some Collembola from Arunachal Pradesh (Entomobryidae). Oriental
Ins., 10(1) : 145-150.

Mitra, S.K. 1976b. Distribution of Collembola in accordance with different vegetation at
Eden gardens, Calcutta. In synopsis of papers. First all India Symp. Soil. Biol. 20-21.

Mitra, S.K. 1976c. A new genus and species of termitophilous Collembola (Entomobryidae:
Cyphoderinae) from India. Rev. Ecol. Biol. Sol. Paris, 13(4) : 645-652.

Mitra, S.K. 1977. On two monophyletic genera of Paronellinae (Apterygota : Collembola
: Entomobryidae) with special reference to chaetotaxy. Oriental Ins., New Delhi,
11(2).

Mitra, S.K. 1986. Methods of collection and preservation of Apterygota. In ZSI Manuel.
Collection, preservation and identification of Insects and mites of Economic
Importance : 17-21.

Mitra, S.K. 1990. On Idiomerus Imms (1912) from India (Collembola : Entomobryidae :
Paronellinae) Rec. Zool. Surv. Ind., 86 : 69-82.

Mitra, S.K. 1992a. Fixation of the concept of Paronella Schott, 1893 (Collembola :
Entomobryidae) Rec. Zool. Surv. India, 92(1-4) : 211-224.

Mitra, S.K. 1992b. Concept of Pseudoparonella Handschin, 1925. (Collembola : Entomobryidae
: Paronellinae) Rec. Zool. Surv. India, 92 (1-4) : 265-284.

Mitra, S.K. 1993a. Chaetoataxy, Phylogeny and Biogeography of Paronellinae (Collembola
: Entomobryidae) Rec. Zool. Surv. Ind. Occ. paper No. 154 : 1-100.

Mitra, S.K. 2001. Status of Dicranocentruga Wray, 1953 with the description of new species
(Collembola : Entomobryidae). Rec. Zool. Surv. Ind. : 100(1-2) : 1-12.



32 Zoological Survey of India

Mitra, S.K., A. Mitra and A K. Hazra, 2002. Records of some Collembola from agricualtural
fields of North- 24 Prgs., West Bengal. Rec. Zool. Surv., India : 100(3-4) : 61-65.

Mitra, S.K., G. P. Mandal and Hazra, A.K. 2004. On some collection of Collembola

(Apterygota : Insecta) from Uttaranchal, India, Rec. Zool. Surv., India. 102(34) :
1-9.

Mukherjee, D. 1932. Description of a new species of Collembola and its anatomy. Rec. Ind.
Mus. 34 : 47-49.

*Oudemans, J.T. 1890. Apterygota des Indischen Archipels, Zool. Ergeb. 1 : 73-91.

Parker, R.N. 1921. Insects living in the snow at 14,000 ft. ]. Bombay Nat. Hist. Soc., 27 : 639-
641.

Probhoo, N.R 1970. Two new records of soil Collembola from, South India J. Bombay Nat.
Hist. Soc. 70 (3) : 572-574.

Prabhoo, N.R 1971a. Soil & litter Collembola of South India. I. Arthropleona. Oriental
Insects, 5 : 1-46.

Prabhoo, N.R 1971b. Soil & litter Collembola of South India. Il. Symphypleona.Oriental
Insects, 5(2) : 243-262.

Prabhoo, N.R. 1971c. Bark & moss inhabiting Collembola of South India. Bull. Ent. 12(1)
: 41-47.

Prabhoo, N.R 1976a. Soil micro-arthropods of a virgin forest and adjoining tea field in the
Westernghat in Kerala. A brief ecological study. Oriental Insects, 10 : 435-442.

Prabhoo, N.R 1976b. On Odontella (Clavontella) macronychia (Prabhoo) A soil Collembola
from Kerala. Entom. 1(2) : 195-197.

Prabhoo, N.R. and Muraleedharan, 1980.A new species of Tomocerus (S.str.) (Tomoceridae :
Collembola) from India. Enton, 5(3) : 207-210.

Richard, W. R.1968. Generic classification, evolution and biogeography of the Sminthuridae
of the world (Collembola) Mem. Entomol. Soc. Can. 53 : 1-54.

Ritter, W.1910. Nene Thysanuren and Collembolen an Ceylon and Bombay Ann. Wiener
Nat. Hofmus, 24 : 379-396.

Ritter, W. 1911. NeueThysanuren und Collembolen aus Ceylon und Bombay, gesamelt von
Dr. Uzel, Ann. K. K. Naturhist. Hofmus Wien, 24 : 379-398.

**Rusek, J. 1991. New Holarctic and Palearctic taxa of Tullbergiinae (Collembola). Acta.
Soc. Zool. bohemoslov. 55 : 65-75.

Salmon, J.T. 1945. Notes and synonomy on some Generic names of the Collembola. Roy.
Soc. N. Z., 75(1) : 68-71.

Salmon, J.T. 1949. The Zoogeography of the Collembola. Brit. Sci. News., 2(19) : 196-198.

Salmon, ].T. 1951a. Some Collembola from Malaya. Proc. R. Entomol. Soc. London, B 20 :
131-141.



HAZRA and MANDAL : Pictorial Handbook on Indian Collembola 33

Salmon, ].T. 1951b. Keys and Bibliography to be Collembola. Zool. Publ. Vict. Univ. Cell.,
(8) : 1-82.

Salmon, J.T. 1956a. On two Hypogastroridae (Collembola) from India Proc. R. Ent. Soc.,
Lond (B) 25 : 171-174.

Salmon, J.T. 1956b. A new species of Parafolsomia (Collembola) from India. Proc. R. Ent.
Soc. Lond. (B) 25 : 127-128.

Salmon, ]J.T. 1957a. Some Paronellinae (Collembola) from India. Acta. Zool. Cracov., 11(14)
: 313-362.

Salmon, J.T. 1957b. A new species of Entomobryidae from India (Collembola). Proc. R.
Ent. Soc. Lond. (B), 26 : 49-50.

Salmon, J.T. 1958. A new Onychiurid Collembola from India, Proc. R. Soc. Lond. (B), 27 :
145-146.

Salmon, J.T. 1963. New Collembola Symphypleona from India and Australia. Bull. Roy.
Soc. N.Z., 3(8) : 81-84.

Salmon, J.T. 1964a. An Index to the Collembola. Bull. Roy. Soc. N.Z., 7(1) : 144.

Salmon, ].T. 1964b. An Index to the Collembola. Bull Roy. Soc. N.Z., 7(2) : 145-644.

Salmon, J.T.1965. New Onychiurid Collembola from India and New Guinea. Trans. R. Soc.
N.Z., Zool. 5 : 225-231.

Salmon, J.T. 1969. New Collembola from India. Zool. Publ. Vict. Univ. coll., 51 : 40-49.

Salmon, J.T. 1970. Some new records and new species of Collembola from India. Bull. Roy.
Soc. N.Z., 12(13) : 145-152.

Sheals, J.G., 1957. The Collembola and acarina of uncultivated soil. . Anim. Ecol., 26 : 125-
134.

Stach, J. 1947. The apterygotan fauna of Poland in relation to the world-fauna of this
group of insects. Family : Isotomidae. Polska Akademiya Umiejetnosci, Krakow. : 488.

Stach, J. 1949. The apterygotan fauna of Poland in relation to the world-fauna of this
group of insects. Families : Neogastruridae and Brachystomellidae. Polska Akademija
Umiejetnosci, Krakow. : 341.

Stach, J. 1963. The apterygotan fauna of Poland in relation to the world-fauna of this
group of insects. Tribe : Entomobaryini. Panstwowe wydawnictwo naukowe, Krakow :
126.

Thibaud, J. M., Schulz, H. J. and da Gama Assalino, M.M. 2004. Synopses on Palaearctic
Collembola, Volume 4. Hypogastruridae, Abhandlungen und Berichte des
Naturkundemuseums Gorlitz, Band 75, Heft 2,2004 : 1-287.

Wang, F., Christiansen, K and Chen, ]J. X. 2003. A New species of Pseudosinella from
Xinjiang, China (Collembola : Entomobryidae). Journal of the Kansas Entomological
Society, 76(4), 2003, : 603-609.



34 Zoological Survey of India -

Yosii, R 1959. Studies on the Collembolan fauna of Malay and Singa]?ore. with spegisl
reference to the genera : Lobella, Lepidocyrtus and Callyntrura. Contrib. Biol. Lab. Kyeto,
Univ. 10 : 1-65.

Yosii, R 1960. On some Collembolan of New Calendonia, New Britain and Soloman
Islands. Bull. Osaka Mus. Nat. Hist. 12 : 9-38.

Yosii, R 1961. On some Collembola from Thailand. Nature and life in Southeast Asia, 1 19t
200.

Yosii, R 1963a. On some Collembola of Hindukush,, with notes on Isotoma Bourlet ana'l(l
allies. Rec. Kyoto. Univ. Sci. Exp. Karakoram and Hindukush, 1955. 4 : 3-42,

Yosii, R. 1963b. Some Collembola of West Pakistan with taxonomic notes on the gemus
Onychius. Proc. Jour. Sci. Res., 15(2) : 70-74.

Yosii, R. 1966a. On some Collembola of Afghanistan, India and Ceylon, collected by:the

Kuphe Expedition, 1960. Res. Kyoto Univ. Sci. Exp. Karakoram and Hindukush,
1955. 8 : 333-405.

Yosii, R. 1966b. Collembola of Himalaya. Jour. Coll. Arts. & Sci. Chiba. Univ. (Nat. Sci. Ser)
4(4) : 461-531.

Yosii, R. 1967. Studies on the Collembola family Tomocoridae with speciala reference to
Japanese form. Contr. Biol. Lab. Kyoto. Univ., 20 : 1-54.

Yosii, R. 1970. On some Collembola of Japan and adjacent countries II Contrib. Biol. Lab.
Kyoto. Univ. 23 : 1032.

Yosii, R.1971a. Collembola of Khumbu Himal. Khumbu Himal 4 : 80-130.

Yosii, R. 1981. Paronellid Collembola of Sabah. Ent. Rep Sahab For. Res. Cent. 3(4) : 1-51,
Yosii, R. 1982. Entomological report from the Sabah Forest Research Centre 6 : 1-38.
Yosii, R. 1983. Entomological report from the Sabah Forest Research Centre, 7 : 1-28

Yosii, R. 1987. Notes on the some Cyphoderid Collembola of the tropical Asia. Contr. Biol.
Lab. Kyoto. Univ., 27(2) : 121-136.

Yosii, R. 1989a. Notes on the Collembolan fauna of Indonesia and its vicinities.

I. Miscellaneous notes with spl. reference to Seirini and Lepidocyrtini. A.Z.A.O. 1
: 23-90.

Yosii, R. 1989b. On some Collembola of New Caledonia with notes on the colour pattern
species. Contrib. Biol. Lab. Kyoto. Univ. 27(3) : 233-259.

Yosii, R. and M. Ashraf, 1964. On some Collembola of West Pakistan. IIl. Pak. ]. Sci. Res.
16 : 52-58.

Yosii, R. and M. Ashraf, 1965. On some Collembola of West Pakistan II. Pak. J. Sci. Res.
17 : 24-30.

Yosii, R, and C.E. Lee. 1963. On some Collembola of Korea, with notes on the genus
Ptenothrix. Contrib. Biol. Lab. Kyoto. Univ., 15 : 1-37.

* So far not recorded from India
**Original not seen



