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INSECTA : EPHEMEROPTERA
V. D. SrIVASTAVA
Zoological Survey of India, Calcutta
INTRODUCTION

Ephemeroptera are popularly known as mayflies. These insects are amphibiotic in their life
cycle. Immature stages from oviposition to different stages of developing larvae are aquatic, while
adults are winged form and are of conspicously short duration. These insects play significant role
in food-chain, fish-food, model for fish bait and also as bioindicator of water quality.

These are soft bodied, minute to medium sized (2-25 mm) insects, with minute setaceous
antennae, atrophied mouth parts, two pairs of wings, a long filamentous cerci and usually with a
median caudal filament. Larvae are aquatic, spindle shaped or broad bodied and with number of
tracheal gills. These insects are relatively less consipicuous, specially in their adult stage because
of short span of life.

The order is known to be represented in India by 105 species spread over 40 genera and
13 families vis-a-vis a little over 2000 speices world over under 155 genera and 22 families. Major
component of Indian Ephemeroptera are represented under families : Baetidae (40 species),
Heptageniidae (15 species), Ephemeridae (15 species), Leptophlebiidae (13 species). Thus these
4 families together constitute a little more than 4/5 (or 83 : 22) of whole Indian Ephemeroptera.
Ephemeroptera fauna of Meghalaya is represented by 5 species under 4 genera and 2 families;
leaving there by further scope of additional species for the state.

HISTORICAL BACKGROUND

Perusal of literature reveals that relatively lesser contributions are made on these insects
from Meghalaya. Same is ture on wider Indian scenirio as well, which can be atributed mainly duc
to very short adult life span and less developed taxonomy of larvae of these insects. Chopra (1937)
described a new species of Ephemeridae viz., Ephemera (Ephemera) annadalei. Same year a new
genus was esatblished by Kimmins namely Cinygmina (Heptageniidae) to accomodate a new
species as its genotype viz., C. assamensis Kimmins. 3 other new species were also established
by Kimmins (1937) of Heptageniidae. One of these was under genus Hepragenia Walsch, namely
H. nubilia Kimmins; while other 2 new species were under genus Ecdyonurus Eaton. viz., E.
eafoni Kimmins and E. subfuscus Kummins. Subsequently Hubbard (1974) changed the last named
species to indicus; as subfuscus was preoccupied thus was established E. subfuscus (= E. indicus

. Hubbard).
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Distribution Map  No. I :~ Showing distribution of 5 species of Ephemeroptera known from Meghalaya
namely Ephemeridae | Ephemera annadela Chopra] Heptageniidae | Cinyvgmina assamensis Ecdyonurus eatoni
Kimmins, E. indicus Kimmins and Heptagenia nubilia Kimmins].
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SYSTEMATIC ACCOUNT

Ephemeroptera fauna of Meghalaya is known only by 5 species, 4 genera and 2 family viz.,
Ephemeridae and Heptageniidae. A brief mention is made of saliant morphological features; with
special reference to taxonomic importance. A note on collection preservation and study techniques
are also provided, along-with comprehensive list of technical terms used, key and synonymy,
diagonastic feature, discussion and distribution. Same was felt necessary before dealing systematic
account.

GENERAL MORPHOLOGY

Imago (adult) and subimagos are small to medium size (Meghalaya component are in range
of 7-15 mm body length). These are air breathing, soft bodied insects with small setaceous
antennae. Mesothorax much larger than Pro-and Metathorax. Wings paired, membraneous fragile
with network of longitudinal, and cross veins in between. Legs are long Prothoraxic leg in some
instance longer than body. Abdomen I1 segmented, last reduced and fused with X. Epiproct is
tergal part of XI, truncate at posterior margin, which is called supra anal plate of pygidium. On
it is based the stump of median caudal filament the tail or 'telofilum' Paraprocts are lateral
portions of vestigeal® 11 segment and support two lateral tails or cerci. Male genetalia is comprised
of forceps and penis; former is 4 segmented. Penis are bilobed, lobes separated of joint. Tip of
each lobe may have titillators which are prolonged seclerites and may be pointed or hooked.

COLLECTION PRESERVATION AND STUDY TECHNIQUE

Mayflies adult (imago) and subimago are very short lived. These are though winged form
but are not good fliers, hence remain normally very much in the vicinity of water bodies to which
they are associated in their immature stages. Imago/subimago normaly remain sitting/resting
amongsts vegetation; mostly on the underside of leaves. These can be collected by hand picking
using forcep, soft brush or even with delicate hold of thumb and forefinger. Imagos are also
collected on their flight in the evening (dusk) and also can be picked up when occasionally get
attracted to light source.

Imago and adult are best preserved in 70% alcohol; which enables their study eaiser even
after long duration of preservation. Wings tend to crumple or folded. A set of dry preserved
specimens are also useful for studying wing venation. In both cases mentioned above wing venation
(specially smaller sized) antennae, cerci and genitalia are best studied on slide mounts. Pigmentation
can be examined in reflected light; hypodermaly lodged pigments in wet and cuticular pigments
in dry preserved specimens are best observed.

TERMS AND EXPLANATION USED IN KEY AND TEXT

A list of technical terms used in key and or text are in dicated below, alongwith their
explanations. Same are arranged alphabetically :



Name of term

Annualted

Bistre
Bulf
Bulla

Chesnut pigment
Costal space
Cross vein

Cubitoanal area

Emarginate
Endemic

Epiproct

Fuscous

Paraprocts

Pygidium

Sagittate marking

Stigmatic area

Subcostal space

Subimago

State Fauna Series 4 : Fauna of Meghalaya

Explanation

With annules (ring) like external markings without
corresponding internal septa/wall.

Pigment of warm brown colour
Light yellow colour

A weak spot on f)rincipal vein midway their
length, increases flexibility of wing tip.

Light brewn
Space between cost and subcoata.
Veins running across longitudinal veins.

Lower basal portion of wing where anal and
cubital veins are present.

Inward cleft or dent in the margin.
Confined to particular area.

Plate covering anus from above primarily tergite
XI, but often regarded as part of tergite X.

Brown

A pair of ventral plates of abdomen XI on the
sides and below abdomen.

It is a term equivalent to epiproct; and is met
with in Ephemeroptera and Isoptera.

Markings shaped as arrow head.

Very slightly chitiniozed in apical side of costal
space

Space between subcostal and radius first vein.

A stage of life cycle in mayflies (prior to adult-
imago stage) immediately after emergence from
last stage aquatic larva.

SYSTEMATIC LIST OF EPHEMEROPTERA KNOWN FROM MEGHALAYA

I. Family : EPHEMERIDAE

Genus- 1. :

Ephemera Linnaeus

Species (1) : Ephemera (E.) annadelei Chopra
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II. Family : HEPTAGENIIDAE
Genus-2 : Heptagenia Walsch
Species (ii) : Heptagenia nubilia Kimmins
Genus-3 : Ecdyonurus Eaton
Species (iii) : Ecdyonurus eatoni Kimmins
Species (iv) : Ecdyonurus indicus Hubbard
Genus-4 : Cinygmina Kimmins
Species (v) : Cinygmina assamensis Kimmins
Key to the families represented

1. Veins M and Cu 1 strongly divergent at base, with M 2 strongly bent toward Cu basaly;
outerfork of hindwing wanting, hind tarsi-4 jointed........................... EPHEMERIDAE.

— Veins M and Cu 1 little divergent at base and fork of M more nearly symetrical; outer fork
of Rs in hindwing present or absent, hind tarsus 5 segmented............... HEPTAGENIIDAE.

SYSTEMATIC ACCOUNT
Family : EPHEMERIDAE

Family Ephemeridae is represented in India by 3 genera viz., Ephemera Linnacus,
Eatonigenia Ulmer, and Ichtyobotus Eaton. Of these only former is represented in Meghalaya;
hence no key is provided for genera.

Genus Ephemera Linnaeus

1758. Ephemera Linnaeus. Syst. Nat., 546.
1973. Ephemera : Mc Cafferty and Edmunds, Pna-Pac. Ent., 49 : 300.
1978. Ephemera : Hubbard and Peters, Orient. Ins., Suppl., 9 : I5.

Remarks : This genus is represented in India by 12 species and is second maximum
represented; after genus Baetis Leach (Baetidae) with 22 species. This genus was recognized with
2 subgenera viz., Ephemera Linnaeus and Aethephemera McCafferty and Edmunds; only former
of these is represented in Meghalaya hence no key to the subgenera is provided. The subgenus
Ephemera is represented in India by 9 species but in Meghalaya only represented by single species
hence no key to the species for the genus is provided.

Members of the genus are characteized by moderate size (10-15 mm), wings dark spotted,
eyes of male relatively small separated by distance of at least the diameter of one eye. Cross veins
at and below bulla distinctly more; in hind wing M2 often detached from M1 at base and directed
downwards toward Cu2 paired cerci, and median cercus all of equal length.
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Ephemera (Ephemera) annandelei Chopra
1937. Ephemera (E.) annandalei Chopra, in Hafiz, Rec. Indian Mus., 39 : 360.
1971. Ephemera annadalei : Dubey, Oriental Ins., 5 : 529.

1978. Ephemera (E.) annandalei : Hubbard and Peters, Oriental Ins., Suppl, 9 : 15.

Material : Type 2, 1 M, sub-imago (No. 967/H8) and 1 F, imago (968/H8), Shillong Assan
(=Meghalaya), 4500 ft., April 1918 and November 1924, Coll. N. Annandale and T. B. Fletcher,
3 M M, Williamnager East Garo hills; 27. 5. 90 (57/90), Coll. M. S. Shishodia and party, 1 F
Williamnagar East Garo hills, at light, 8. 3. 91 Coll. B. C. Das & party.

Diagonastic features : Moderate sized (Body length, Forewing 15 : 13.5 mm) for male
subimago and 15 : 15 mm. for female imago. Wings dirty white, pale yellow subcostal zone, a
very prominent spot at bifurcating point of M; Sc and R are opaque white. Abd. 3-9 with 3 clear
streaks on each side, submedian oblique and meets with other side at the anterior end of tergite;
black square spot on abd. 10.

Remarks : This species was described on male subimago, female imago but larva (nymph)
are not known. It has resemblance with Ephemera (E.) exspectans (Walker) known in India from
Bihar, Uttar Pradesh, Karnataka; Burma. It is distinguished from same by more dark and dense
pigmentation on dorsum, wing membrane also brighter as compared to dull white, lesser subsidiary
veins at the wings inner margin from A 1 and more pointed, finger like structure at the sides of
penes lobe.

Distribution : India : Meghalaya, Khasi Hills (Shillong).

Family : HEPTAGENIIDAE

Family Heptageniidae is represented in India 15 species and 8 genera. Of these 8 genera
only 3 are represented in Meghalaya by 4 species. These genera are Cinygmina Kimmins, Ecdyonurus
Eaton and Heptagenia Walsch.

Key to the genera of Heptageniidae
1. Basal joint of the fore tarsus of male 1/6 to 1/3 as long as second...... Heptagenia Walsch.

— Basal joint in the fore tarsus of male more than 1/2 as long as second ........................... 2.

2. Penese lobe dilated laterally, genital stimuli developed, distinct, in shape of small spine......
....................................................................................... Ecdyonurus Eaton.

‘— Penese lobe dilated apically, genital stimuli reduced to a pair of small, thin chitinous
) 11 PP Cinygmina Kimmins.
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Genus Heptagenia Walsch

1863. Heptagenia Walsch, Proc. Ent. Soc. Philadelphia, 2 : 197.
1978. Heptagenia : Hubbard and Peters, Orient. Ins., Supple., 9 : 20.
Remarks : This genus is represented in India 2 species viz., H. nubilia Kimmins and H.

solangensis Dubey. Fromer of these was described from Meghalaya and is endemic there. Since
only single species is described and known from Meghalaya no key is provided.

Members of this genus are of moderate sized [of the two Indian species mentioned nubilia
(from Meghalaya) has body and fore wing 8 : 8.5-10 mm.]. Foreleg of male slightly longer than
body while in female its only 3/4; claws disimilar in all tarsi. Penese usually united basally (basal
half to basal two third), free divergent apically, each division of penes apical and lateral lobe.

Heptagenia nubilia Kimmins
1937. Heptagenia nubilia Kimmins, Ann. Mag. nat. Hist. (10); 19 : 437.
1978. Heptagenia numbilia : Hubbard and Peters, Orient. Ins., Suppl. 9 : 20.

Material : 3 M M, Jaintia Hills, Luchook, Garampani Meghalaya St. 2, 2. 10. 1988, Coll.
V. D. Srivastava and party.

Diagnostic features : Moderate size (Body : wing length 8 : 8.5-9 mm). Posterior margin
of head in female not immarginate; eyes simple not turbinate. Body and fore leg in male and
famale in ratio of 4 : 5 and 4 :3 respectively. All femora yellowish brown, all tarsi 5 segmented;
Fore tarsus and tibia are 1. 5 : 1 while tarsal segements are in ratio 3 : 19 : 18 : 13 : 6. Wings
hyaline. Fore and hind wing in ratio of 3 : 1 or even 4 : 1.

Remarks : This species was described on male and female imago; larvae not known. So for
this species is only known from Meghalaya; first it was described from Shilong, present author
recorded it from Jaintia hills (Garampani). This species, when compared to only other species
described from India viz., H. solangensis is smaller (8 : 11), 13-16 stigmatic crossveins in male
instead of 19; only basal 2/3 of penes lobe apposed as compared to all along it length.

Distribution : India : Meghalaya, Khasi hills (Shillong), Jaintia hills (Garampani).

Genus Ecdyonurus Eaton

1868. Ecdyonurus Eaton, Trans. Ent. Soc., 142.

1871. Ecdyurus Eaton, Trans. Ent. Soc., 25.

1885. Ecdyonurus : Eaton, Trans. Linn. Soc. London, (ser. 2) Zool., 3 : 276.
1978. Ecdyonurus : Hubbard and Peters, Orient. Ins., Suppl. 9 : 19,

Remarks : The genus is represented in India by 4 species of which in Meghalaya 2 species

are known; namely E. eatoni Kimmins and E. indicus Hubbard. Both these are endemic to the
state, as per known records.
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Genital stimuli in members of this genus is in form of small spine and penes lobe dialated
laterally. These two characters, in allied genus Cinygmina are in contrast reduced thin chitinous
plate and dilated apically. Larvae body is doro-ventraly depressed and broad, ventrally arched so
as to enable them attach like " limpet" on to boulders in running water.

Key to the species of Ecdyonurus

1. Thorax dorsally light brown; Femora yellowish brown on basal, apical margin and a median
ring; genital hamule strong, downwardly curved and penes lobes separate........................

— Thorax dorsally shining brown; Femora dark brown in middle, only at apical end., genital
hamule spine like and in curved, penes lobes joint........................... eatoni Kimmins.

Ecdyonurus indicus Hubbard

1937. Ecdyonurus subfuscus Kimmins, Ann. Mag. nat. Hist. (10) 19 : 439.
1974. Ecdyonurus indicus Hubbard, J. Kansas Ent. Soc., 47. : 358.

Material : 1 M, 1 F, Shillong, Khasi hills (D. E. Kimmins Type in B. M. (N. H.) :
Ecdyonurus subfuscus = indicus).

Diagnostic features : Body small sized ( body lengthM : F =7 : 8 mm.; body length : fore
wing length 7 : 8 in male, 8 : 11 in female). Fore tarsus : tibia 1.6 : 1.5 tarsal segments in ratio
of 13:19:16: 12 : 5. All femora with basal, apical and medial dark brown rings. Simple cross
vein in stigmatic area. Abd. 2-8 deep purple-brown on dorsum,; each segment marked similarly as
follows: a narrow mid-dorsal stripe; on apical 2/3 additional lateral stripes. Basal segment of
genital forcep broader than long; second six times basal incurved.

Remarks : This species was described by Kimmins (alongwith another coinhabiting species
E. eatoni) as E. fuscus but since the name was preoccupied by Stephens, Hubbard (1974) named
it E. indicus. This can be distinguished from eatoni in having genital hamule small, strongly
downwardly curved instead of short in curved spine. Penes lobes are distinctly separate as against
both lobes joint all along their length.

Distribution - India : Meghalaya (Khasi Hills, Shillong).
Ecdyonurus eatoni Kimmins

1937. Ecdyonurus eatoni Kimmins, Ann. Mag. nat. Hist., (10) 19 : 43 p.
1978. Ecdyonurus eatoni : Hubbard and Peters, Orient. Ins., Suppl., 9 : 19.

Material : 1 M, 1F, Shillong, Khasi Hills (D. E. Kimmins; Type B. M. (N. H.) = E. eatoni).

Diagnostic features : Body small sized (Body length male : female 9 : 9-11 mm., wings
male : female — 10-11 : 12—-16 mm or approx 2 : 3—4; while cerci are equal 25 : 25 mm.). All
femora with brown ring in middle and apical extreemity; fore tibiae with additional brown apical
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.pigments not found in other tibiae. Fore tarsus and tibiae 1 : 1-4; Fore tasal segments 6 ; 15 : 14
: 9 : 5.5. Pale brown spat at the base and apex of stigmatic area. Abd. tergite 1 and 7 to 9 more
broadly marked, while 2-6. has following pattern both apical and distal margins of each segment, a
narrow median triangle from base to 3/4 segment an oblique lateral stripe linking apical and distal
pigment band and two lateral at angles at apical end. Forcep base has strong tooth on each side.

Remarks : This species is distinguishable from conspecific E. indicus (= fuscus) by points
mentioned under latter, species, key and distinct pattern of abdominal markings. Presence of
strong tooth at forcep base also distinguished it with earoni.

Distribution : India : Meghalaya (Khasi Hills, Shillong).
Genus Cinygmina Kimmins

1937. Cinygmina Kimmins, Ann. Mag. nat. Hist., (10) : 19 : 435.
1978. Cinygmina : Hubbard and Peters, Orient. Ins., Suppl. 9 : 18.

Remarks : This genus is represented in India by single species viz., C. assamensis Easton
from Khasi Hills (Meghalaya) and is endemic to it. No key to the species of genus is required as
it is the sole representative. This species is also the genotype.

Members of this genus are of moderate size (Body : Wing 8-9 : 10-13; Caudal cerci and
body 20-30 : 8-9). Numerous, well spread cross veins; 2 parallel pair of inter calaries which are
basaly free; no cross-veins in stigmatic area in fore wing. Fore tarsus 1.5 times tibia; fore tarsus
: Tribia 4 : 7, hind-tarsus: tibia, 10 : 9. Genital forcep 4 segmented, penes joint at base, diverges
apically and widens; apical lobes rounded, deviod of spine, genital stimuli reduced, paired
chitinousplate.

Cinygmina assamensis Kimmins

1937. Cinygmina assamensis Kimmins, Ann. Mag. nat. Hist., (10) 19 : 435,

1978. Cinygmina assamensis : Hubbard and Peters, Orient. Inst., Suppl., 9 : 18.

Material : 1M, 1F, imago and sub-imago, Khasi Hil.ls, Shillong and Jaintia hills (Jowai),
2-x-88, Coll. V. D. Srivastava (Type of the species is in B. M. (N. H.). London).

Diagnostic features : Body lengthM :F-8:9 mm; wing 10:13-14 mm. Cerci 23-25 : 20 mm.
Ground colour brown-reddish brown on head, yellowish brown on thorax and abdomen. Forc
tarsal segments in ratio of 8 : 14 : 10 : 5 : 5 and hind tarsal segments 10:9 : 7 : 5: 12. Wings
hyaline, venation pale; costa, subcosta and radius grey, a black spot at junction of subcosta and
great. Cross-vein. Abd. 1-9 with broad reddish brown stripe; additonal paired triangular spot on
abd. 2. paired reniforn spot or abd. 3-8.

Remarks : This species was described by Kimmins based on imago of both sexes; larva is
yet to be described.

Distribution : India : Meghalaya (Shillong, Khasi hills; Jowai, Jaintia Hills.)
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Diagrams : Plate -1 : Generalized diagram

I. Body, dorsal view; 2. Head of male; 3. Head of female; 4. Wing venation—forewing; with names
of veins; 5. Wing venation—Hind wing, with names of veins; 6. Fore, middle and hind of male—Ephemera;
7. End of abdomen of male imago; 8. End of abdomen of female imago.

Abbreviation used : A= anal area (1A, 2A, 3A respectively first, second, third anal veins); B= Bulla;
C= Costa; Cer= Cerci; Cu= Cubital; Cu, and Cu2 = cubital one and cubital two; CUA= Cubital anal area;
f= forcep; M= Media; Mi= Vestigeal middle tail (telofilum); p= penes R= Radius; Sc= Subcosta.
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Plate -1l : Ephemera annadaeli

Fig. 1. Fore wing, showing venations 2. Hind wing, showing venations 3. Abdomen showing marking
pattern of tergites 4. External genitalia of male, ventral view.

Figs. 5. External genitalia of Ecdyonurus eatoni 6. External genitalia of E. indicus 7. Extcrnal
genitalia of Cinygmina assamensis.
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SUMMARY

Present paper deals with known Ephemeroptera fauna of Meghalaya and study of type/
other material : faunal composition is very meagre and is known to comprise of 5 species under
4 genera and 2 families viz., Ephemeridae and Heptageniidae. A systematic list, key to various
taxa is also provided; besides diagnostic characters, affinity with allied taxa distribution.
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INSECTA : COLLEMBOLA
A. K. HAzrA
Zoological Survey of India, Calcutta
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 10 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
as bio-indicator of soil pollution as well as soil ferfllity. The collembola have a very wide distribution,
occurring in all parts of the world and in any atmospheric habitat. They occur to the the vicinity
of both south and north poles (upto 83° south latitude in Antarctica). Few species are living
permanently on glaciers or snow fields. The diversity as well as’the greatest number are 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 characterised by a distinct body form. The collembolans which have elongated body come
under suborder Arthropleona. In the symphypleona the body is compacted and globular.

The notable researchers in the field of collembolan taxonomy from different parts of the
world are Imms (1906, 1912), Womersley (1939), Gisin (1944, 1960), Stach (1947, 1963), Strenzke
(1940), Scott (1961), Salmon (1949-1964), Chaudhuri (1961) Richards (1968), Christiansen (1961-
1982), Massoud (1971), Ellis and Bellinger (1973), Dallai (1971), Mitra (1991).

The study of the Indian collembola were initiated perhaps by Ritter (1910). But the significant
contribution was of Imms (1912). He erected four new genera of collembola and new subfamily.
Subsequently Carpenter (1913, 1924), Handschin (1929) and Denis (1936) have contributed on the
Indian Collembola. Salmon (1951-1969), Baijal (1955, 1968), Choudhuri (1963-1966), Yosii
(1966a,b), Mitra (1966-1990), Prabhoo (1971) have also contributed significantly to our knowledge
on Indian collembola in the recent years. The study of Meghalaya collembola was first attempted
by Carpenter (1924) and described 4 species of collembola from Siju caves, mitra (1975) repoited
two species of the genus Dicranocentroides from Shillong. Kemp was first collector of the group
of collembola from the state. He has collected several examples of collembola from Siju cave area
during January-February 1922.
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Over 5500 species under 452 genera, 4 families and 2 sub-orders are known throughout the
world. From India about 210 species under 86 genera, 8 families and 2 sub-orders are known, and
from Meghalaya 10 species under 6 genera and 3 families have been recorded.

The Zoological Survey of India have conducted a number faunistic exploration in Meghalaya
sincce 1990 till 1992 under departmental scheme of state fauna study. The present study is based
on a part of this collection. Some species have described on the basis of previous collections on
literature as we could not collect during the present study. Majority of the figures given in the
present paper have been adopted from Mitra & Yosi.

This study provides key to families, subfamilies, genera and specices.
SYSTEMATIC ACCOUNT
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 consist 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 subapical hairs on the tibiotarsus, these are called tenent
hairs and have considerable taxonomic importance. 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 most
of the species of Arthropleona the abdominal segments are distinct where as in 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 chitinous structures on each side of the annus. 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 give as collembola. It secretes a glue
like substances which helps in adhesion process.
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1.Antennae ;2.Postantennal organ;3.Eye patch;4.Head;5.Prothorax,
6.Mesothorax;7. Metathorax ; 8.Manubrium; 9.Dentes;10.Mucrone,
11.Furcula;12.Tenaculum;13.Collophore;14.Precoxa;15 Coxa;
16.Trochanter;17. Femur;18.T ibiot arsus;19.Unguiculus;20.Unguis .

Fig. 1. General morphology ot a typical arthiopleonid collembola.

1. Antennae ; 2.Eye;3.Head;4. Abdomen I -1V; 5.Anal papilla(Abd.v-vi)
6.Mucrone;7.Dens;8. Furcula;9.Manubrium;10.Precoxae;11.Coxa ;

12.Trochanter;13.Femur;14.T1biotar sus;15.Unguiculus;16.Unguis ;
1\ Collophore

Fig. 2. General morphology of a typical symphypleonid collembola.
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Fig. 3.

Fig. 4.
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The furcula : 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 basel portion to form 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 mucrones (Fig. 1).

Body clothing : The body of the collembolans are 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 useful tools for the collection of collembola to
be used for taxonomic studies. Sometimes alcohol may be given in the tray or on a large petri-
dish 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 copers for collecting known quantity of soil samples (Fig. 3). The
cores are then placed on Tullgren funnel or Highgradient extraction apparatus (Macfadyen, 1953).
The Tullgren funnel is simply a funnel or a rows of funnels with a wire net on which soil, litter,
mosses etc. are placed. An electric bulb above the funnel is hanging to provied temperature. A
tube with alcohol below the funnel is kept for the collection of soil insects (Fig. 4). But the tullgren
funnel techenique is unsatisfactory for finegrained materials and mineral soil as these materials are
passed through the wire-net easily. Therefore, for such 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 preserve in Von-Torne's medium. It consists of
1000 cc. isopropyl alcohol, 30 cc glacial acetic acid, 3 cc. 40% formaldehyde.

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

LIST OF TAXA
Family ENTOMOBRYIDAE
Subfamily PARONELLINAE

Salina striata (Handschin)
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Salina choudurii Mitra
Dicranocentroides salmoni Mitra
Dicranocentroides indica (Handschin)
Callyntrura vestita (Handschin)
Callyntrura japonica (Kinoshita)
Subfamily CYPHODERINAE
Cyphoderopsis gracilis Carpenter
Subfamily ENTOMOBRYINAE
Lepidocyrtus- magnificus Carpenter
Lepidocyrtus exploratorius Carpenter
Order COLLEMBOLA
Suborder ARTHROPLEONA Borner
Super Family ENTOMOBRYOIDEA Womersely
Key to families of Entomobryoidea

1. Hind coxae usually with trochanteral organ. Abdomen IV appreciably longer than abdomen
I1I. Scales present or absent; often ciliated. Furcula well-developed... ENTOMOBRYIDAE.

2. Hind coxae without trochanteral organ. Abdomen III and IV usually subequal; the one
never more than one and one half times as long as the other posterior abdominal segments
often fused. Scales usually not present............cooiiiiiiiiiiiiiiiiiniiinn., ISOTOMIDAE.

Key to the subfamilies of Entomobryidae
1. PAO present or absent and setae at most unilaterally ciliate..................... ISOTOMINAE
— PAO absent, some setae multilaterally ciliate ..............coooiiiiiiiiiiiiiiiii e 2.

2. Dens dorsally crenulated and curving upward; basally in line with manubrium :

.................................................................................... ENTOMOBRYINA
— Dens not crenulated, straight and usually forming a basal angle with manubrim............... 3.

3. Eyes and pigment absent; dens with large dorsal scales and without apical lobe..................
............................................................................................. CYPHODERINAE

— - Eyes and pigment; dens without dorsal scales and with apical lobe......... PARONELLINAE
Subfamily PARONELLINAE Borner, 1913

The members of this subfamily can be distinguished from other entomobryids the straight
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dentes not ringed, no spines but with the presence of dental scale appendages in the terminal part
of dentes. The mucro in majority cases are blunt, they may be bidentate or tridentate and different
in shape from the subfamily entomobryinae. The fourth abdominal segment is much elongated.

Key to genera of subfamily Paronellinae
from Meghalaya

1. Body covered With SCales.........o.viiiiiiii i 2.
— Body not covered with scales.............cooeveiiiiiiiiiiiiiieeae, Salina Macgillivray
2. Basal seta of the outer maxillary ramus is blunt ...................c.ceuunils Callyntrura Borner
— Basal seta of the outer maxillary ramus is pointed.................. Dicranocentroides Imms
— Rami short and stout, each with four small teeth................................. Paronella Schott

I. Genus Salina MacGillivray, 1894
This genus is represented by only 2 species from Meghalaya
Key to species of the genus Salina
1. Body pigment usually form longitudinal bands..................coooiiiiiii i 2

— Body pigment usually form transverse band.................coociiiiiiii i 3

2. One lateral and one sub-median longitudinal bands in dark brown pigment present on
Thorax I, IIl and Abdomen I-VI.................cooiiiiinl. Salina striata (Handschin).

3. Body surrounded through lateral margins of the head with deep blue black pigmented band.
Two thin transverse bands on Abdomen II............................0. Salina choudhurii Mitra.

1. Salina striata (Handschin, 1928)
(Fig. 5 and map 1)
1928. Cremastocephalus striatus Handschin, Treubia, 10 : 245-270.
1961. Salina striatella . Yosii, Nature and life in South East Asia, 1 : 171-200.
Material examined : West Khasi hill district : 4 km. West of Nongstoin near Govt. Poultry

and pigfarm by the side of a hill stream, 21. iii. 1991, coll. A. K. Hazra; 25 exs., by the side of
"Nongfa river bed under decomposed leaf litter, 22. iii. 1991, coll. A. K. Hazra 10 exs.

East Khasi hills distrct : Botanical gardens, Shillong, 28. iii. 1991, coll. A. K. Hazra, 42
exs.; Botanical gardens, Shillong, 20. vi. 1965, coll. B. K. Tikader, 5 exs.; Near Mousomai caves,
Cherapunjee under growth of forest, 27. iii. 1992, coll. A. K. Hazra, 5 exs.

Diagnostic characters : Body length is 3.2 mm. Ground colour of head and body is creamish
or pale yellow. Thorax II and III laterally with dark pigment. Abdomen I and II each having three
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Lateral view ol Sufina striata (A); Mucrodens complex (B).

Fig. 5.

Dorsal view of Salina choudhurii (A); Mucrodens complex

Fig. 6.
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colour pigmented patches each side. Body surface sparsely covered with short ciliated microchaetae.
Head pearshaped ocelli 8 + 8. Relative lenght of Thorax II : III = 15 : 9 relative length index of
abdomenI:II:II:IV:V:VI=8:14:3:41:7:3, ventral tube well developed. The species
has been nicely described by Mitra (1973) therefore, detail description in the present paper is not
needed.

Distribution : INDIA :  Meghalaya (East Khasi hills), Uttar Pradesh, Nilgiri hills (Tamil
Nadu).

2. Salina choudhurii Mitra, 1973
(Fig. 6, map 1)
1973. Salina choudhurii Mitra, Oriental Ins. : 7 (2) : 159-202.

Material examined : East Khasi hills district : Botanical garden, Shillong,28. iii. 1991, coll.
A. K. Hazra 4 exs.; Forest near Mousomai cave, 27. iii. 1991, coll. A. K. Hazra 7 exs.; Holotype
collected from "Cave Mousmai, Khasi and Jaintia hills, 18. xi. 1967, coll. G. Topal"

West Khasi hills : Nongstoin by thg side of Nongfa river bed, 22. iii. 1991, coll. A. K.
Hazra, 5 exs.

Diagnostic characters : Total length of the body is 1.7 mm. Body colour light yellow. Two
deep blue-black band present longitudinally along the margin of the head thorax and the abdomen.
Two transverse bands are present respectively on II and IV abdomen. The IV abdominal segment
with 2 + 2 macrochaetae. Head pear-shaped dorsally with 8 + 8 ocelli. The relative length index
of thorax II : III = 36 : 9, the IVth abdominal segment is more than nine times the length of
abdomen III. The relative length index of abdomen I : II : I : IV : V: VI=7:11:10:98:
7. The detail descriptions of the species with chaetotaxic formulae have been nicely described by
Mitra (1973).

Distribution : INpIA : Meghalaya (East Khasi, and West Khasi hills).

I1. Genus Dicranocentroides Imms (1912)
The genus is represented by only 2 species from Meghalaya
Key to the species of genus Dicranocentroides
1. Presence of dark pigment on the body...........ccoiiviiiiiiiiiiii s 2
~— Absence of dark pigment on the body..........c..cccoiuiiiiiiiiiiiii feeen3

2. Thorax III, Abds. I, II. with dark pigmented patches III abdominal segment and its lateral
extensions pigmented............cviiiiiiiiiiiiiiiii e Dicranocentroides salmoni.

3. Antennae I, II, III. each with a pigmented distal ring and IV antenal segment totally
pigmented. Abdamen IV with light longitudinal bands............ Dicranocentroides indica



HAZRA : Insecta :@ Collembola 23

3. Dicranocentroides salmoni Mitra, 1973
(Fig. 7, Map 1)

1957. Dicranocentroides fasciculatus Salmon, Acta. Zool. Cracao., 12 (14) : 313-362.

1975. Dicranocentroides salmoni Mitra, Rce. zool. Surv. India, 71 : 57 : 95.

Material examined : East Khasi hills Dist. : Botanical gardens, Shillong, 28. iii. 1991, coll.
A. K. Hazra, 10 exs., Forest near Cherrapunjee, 27. iii. 1991, coll. A. K. Hazra, 5 exs; Shillong,
20. v. 1965, coll. B. K. Tikader 2 exs.

West Khasi hills Dist. : Nongfa river bed side at Nongstoin 21. iii. 1991, coll. A. K. Hazra,
S exs.

Diagnostic character : Total body length 2.8 mm. Thorax III and abdomen I, II with dark
pigment. Body covered with scales and ciliated, obliquely truncated macrochaetae (brush setae).
Head pear-shaped with 1 + 1 dark ocellar field, each having 8 ocelli. The II thoracic segment is
relatively larger than III (ratio 14 : 10). Abdominal segments length index of I : II : IIT : IV :
V:VI=7:7:4:37:4:2 and relative length index of manubrium mucrodens = 28 : 40. a
detailed description of the specfes was given by Mitra (1975).

Distribution : INDIA : Meghalaya (East Khasi hills, West Khasi hills); Sikkim, Manipur,
BHUTAN.

4. Dicranocentroides indica (Handschin, 1929)
(Fig. 8, Map 1)

1929. Aphysa indica Handschin, Rev. Suisse Zool., 36 : 221-262.
1975. Dicranocentroides indica (Handschin) Rec. zool. Surv. India, 71 : 57-59.

Material examined : East Khasi hills dist. : Botanical garden, Shillong, 28. iii. 1991, coll.
A. K. Hazra, 10 exs; Forest near Shillong peak, 28. iii. 1991, coll. A. K. Hazra, 5 exs.; Shillong,
3. v. 1965, coll. B. K. Tikader, 1 ex.

West Khasi hills dist. : Forest hill stream near Govt. Poultry farm, Nongstoin, 20. iii. 1991,
coll. A. K. Hazra, 5 exs.; Nongfa river bed side, Nongstoin, 20. iii. 1991, coll. A. K. Hazra, 5 exs.

Diagnostic characters : Light longitudinal bands come down from the anterior margin of
Abd. IV and joins posteriorly, pigments are darker at bases of antennae; Antennae I, II and II
distally posess clear bluish ring. Ground colour of the body with light purple blue pigment all over
the hade and body, body is covered with scales, cervix and anterior margin of Thorax II with a
row of acuminate setae; head with two dark ocellar fields, each with 8 + 8 ocelli arranged in two
longitudinal parallel rows. Fourth antena superficially annulated. The relative length of thorax
II:1I=12:9 and that of abdomens I : I : IIl : IV:V:VI=6:6:3:29:3: 1, mucro short
with 6 teeth.
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Fig. 7.

Fig. 8.
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Later vicw of Ui inncentreides salmonr

Lateral view of Dicranocentroides indica (A); toot complex (C).
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Distribution : INDIA : Meghalaya (East Khasi hills dist., Wst Khasi hills dist); Tamil Nadu.
II. Genus Callyntrura Borner, 1906
The genus is also represented by three species from the state.
Key to the species of the genus Callyntrura

1. Median three of the first row of labral setae modified; furca with distinct dental spines.........
....................................................................................... Callyntrura vestita

— Without modified labral setae, dental spines absent..................... Cullyntrura japonica
5. Callyntrura vestita (Handschin, 1925)
(Fig. 9, Map 2)
1925. Microphysa vestita Handschin, Treubia, 6 : 225-270.

Material examined : East Khasi hills dist. : West side of the Botanical garden, Shilicng, 28.
iii. 1991, coll. A. K. Hazra, 4 exs.; Umdienpur, Shillong, 4. iii. 1965, coll. B. K. Tikader.

West Khasi hills dist. : By the side of a hill stream under rotten leaves. Nongsto'n. 20. ii.
1991, coll. A. K. Hazra, 6 exs.

Diagnostic character : The length of the body is 3.8 mm.; ground colour pale whitish.
Head, thorax and upto III abdominal segments are completely covered with black pigment. Ventral
tube covered with black pigment. Legs are deeply pigmented- on basal two segments and with
median patch on cach tibiotarsus. Ratio of antennae segment as 40 : 35 : 20 : 60 Scales are present
on three basal segments of antena. Fourth antennal segment is annualted andwith: s.ib-apical cone.
Furca ventrally scaled. Dens bears more than 20 spiny smooth setae arranged irrcguiarly along the
inner side near the base. Distal buldging on the dens is medium large. Mucro comparatively
shorter and with 6 teeth.

Distribution : INDIA : Meghalaya (East khasi hills, West Khasi hills). JAva.,
6. Callyntrura japonica (Kinoshita, 1917)
(Fig. 10, Map 2)

1917. Paronella japonica Kinoshita:

1977. Callyntrura japonica Yosii

Material examined : East Khasi hills dist. : Near Mausomai cave Cherapunji, 27. iii. 1941,
coll. A. K. Hazra, 5 exs.; Botanical garden Shillong, 28. iii. 1991, coll. A. K. Hazra 4 exs.

West Khasi hill dist. : Nongstoin, 20. iii. 1991, coll. A. K. Hazra, 10 cxs. By the side of
a hill stream, near Govt. polutry farm, Nongstoin, 21. iii. 1991, coll. A. K. Hazra, 5 cxs.

Diagnostic character : Body length is 3 mm. Ground celour of body is creamish white.

M7.M.—4]
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Fig. 9. Lateral view of Callvntrura vestite (A); mucrodens complex (B).

Fig. 10.  Lateral view of Callyntrura japonica (A); mucrodens complex (B); hind leg claw (C).
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Head is dark all over, the base of the antennae are more deeper in colour. Thorax is obscurely
dusky all over deeper along the marginal area of each segments. Fourth abdominal segment bears
a narrow transverse patch. Antennae scaled. Ventral tube deeply dark. Furca long, scaled dens
without spines but with prominent dorsal vesicle. Mucro elongated with teeth.

Distribution : INDIA : Meghalaya (East Khasi hills dist., West Khasi hills dists.) ; JAPAN.
IV. Genus Paronella Schott, 1893
7. Paronella brunnea Carpenter, 1924
(Map 2)
1924. Paronella brunnea Carpenter, Rec. Ind. Mus., Calcutta, 26 : 287.
The genus is represented by only species from the state.

Material examined : South Garo hilll district. At the entrance of Siju Caves, 7. 02. 1922,
coll. S. Kemp. 5 exs.

Diagnostic character : Total body length 2.5 mm. The relative length of antennal segment
10 : 8 : 4 : 11. The IV abdominal segment is more than eigh times as long III. The body colour
is brownish with dark transverse pigments on the hind margin of the tergu and alternate dark and
faint longitudinal pigment on the fourth abdominal segment. Furca 4/5 as long as body, dens half
as long as manubrium, dental scale absent. More detail description is available in Carpenter
(1924).

Distribution : INDIA : Meghalaya (West Khasi hill district).

Remarks : No specimen of this species has been collected during the present survey. This
is purely based on the literature of Carpenter (1924).

Subfamily CYPHODERINAE

Unlike other entomobryids the members of this subfamily do not have ocelli, dental
crenulations and dental spines,,

V. Genus Cyphoderopsis Carpenter 1924
Only one species is recorded {from Meghalaya.
8. Cyphoderopsis gracilis Carpenter 1924
(Map 3)
1924. Cyphoderopsis gracilis Carpenter Rec. ind. Mus.. Calcutta 26 : 288.

Material : South Garo hills dists. : From enwrance and interior of Siju cave, i1. 1922, coll.
S. Kemp, 15 exs.
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Diagnostic Character : Body length 1.5 mm, body colour white with feeble yellowish on
brownish mottlings. Antennae double the length of head, relative length of antennae I : II : III :
as long IV =3 : 6 : 6 : 10. fourth abdominalsegment six times as long as third. Furcula about 3
quarters as body, dens 3 quarters as long as manubrium, dentes are thichly scaled. More a detail
descriptions and figures are given by Carpenter (1924).

Distribution : INDIA : Meghalaya (South Garo hills dist.)

Remarks : No specimens of this species have been collected during present survey. This is
based on the material collected by S. Kemp and described by Carpenter (1924). Salmon (1964)
synonimiged this genus with Troglopdetes.

Subfamily ENTOMOBRYINAE Schaeffer, 1896

Dentes crenulated dorsally. Mucrones falcate or with basal spines, it is short and hook like.
Body with hairs or scales or both. The chaetotaxy of the head, trunk and eye numer are useful is
identifying members of this subfamily.

VI. Genus Lepidocyrtus Bourlet, 1839
Two species under this genus have been recorded from Meghalaya.
Key to the species of the genus Lepidocrytus from Meghalaya

1. Mesonotum 4 times as long as metanotum, large size, antennae twice as long as head.........
..................................................................... Lepidocyrtus magnificus Carpenter

2. Mesonotum about double the length of metanotum, small size antennae half as long as head
.................................................................. Lepidocyrtus exploratorius Carpenter

9. Lepidocyrtus magnificus Carpenter 1924
(Map 3)
1924. Lepidocyrtus magnificus Carpenter, Rec. Ind. Mus., Calcutta 26 : 285.

Material : South Garo hills dist. : Siju Cave, at entrance, ii. 1922, coll. S. Kemp 1 ex.

Diagnostic character . Body length 2.75 mm. Ground colour pale yellow, 4th abdominal
segment seven times as long as third. Relative length of 1 : 11 : III : IV antennae, 6 : 14 : 10 : 17.
Furcula half as long as body. More ditailed description and figures are given by Carpenter in his
original paper (1924).

Distribution : INDIA : Meghalaya (South Garo hills dist.).

Remarks : No materials of this species have been collected during present survey. Therefore,
it is based on the original description of Carpenter (1924).
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Showing distribution of Cyphoderopsis gracilis, Lepidocyrtus exploratonius and Lepidocyrtus

magnificus in Maghalaya.

Map. 3.



Table Showing districtwise distribution of Collembola in Meghalaya

Name of Species Name of districts

D13sul : VIZVH

Jaintia Ri-Bhoi East Khasi West Khasi East Garo South Garo West

Hills Hills Hills Hills Hills Garo
Hills

Subfamily Paronellinae
Salina striata (Handschin) - - + + - - -
Salina choudhurii Mitra - - + + - - _
Dicranocentroides salmoni Mitra - - + + - - —
Dicranocentroides indica (Handschin) - - + + - - -
Callyntrura vestita (Handschin) - - + + - - -
Callyntrura japonica (Kinoshita) -~ - + + - - _
Paronella brunnea Carpenter - - - - - + -
Subfamily Cyphoderinae
Cyphoderopsis gracilis Carpenter - - - - - + -
Subfamily Entomoryinae
Lepidocyrtus magnificus Carpenter - - - - - + -
Lepidocyrtus exploratorius Carpenter - - - - - + _

DjOquIN0)
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10. Lepidocyrtus exploratorius Carpenter 1924
(Map 3)
1924. Lepidocyrtus exploratorius Carpenter, Rec. Ind. Mus., Calcutta, 26 : 286.

Material : South Garo hill dist. : Siju cave, 100-300 feet from entrance, ii. 1922, coll. S.
Kemp., 15 exs.

Diagnostic character : Body length 1.7 mm, body colour pale yellow, antennae deep violet
and faint violet string on coxae. Relative lengthof antennae [ : II : Il : IV=5:7:7 : 11. Furcula
as long as body manubrium slightly longer than dentes. Detail description and figures are lacking
in the original description, therefore fresh collection is needed.

Distribution : INDIA : Meghalaya (South Garo hills).

Remarks : The collection of this species are lacking in the present survey. It is based on
the original description of Carpenter (1924).
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INSECTA : ODONATA
V. D. Srivastava AND C. SINHA
Zoological Survey of India, Calcutta
INTRODUCTION

Odonates, which are commonly known as dragonflies (Anisoptera) and damselflies
(Zygoptera), are amphibiotic insects. Adults are winged, while larvae are aquatic Adults are also
closely associated with both lotic and lentic water bodies; where these are seen {lying or perching
on vegetation in its vicinity. Some times, though they fly away from waterbody into deep woods
or farm lands and return for copulation and aquatic oviposition. Ecologically and economically
these insects are quite significant, being predator of noxious insects and bioindicator of water
quality.

The order is represented by 37 families world over; clubbed under 3 suborders viz., Zygoptera,
Anisozygoptera and Anisoptera. A little over 5500 species representing 630 genera are recorded
world over. Of these 494 species are represented in India under 136 genera 19 families.

Odonata fauna of the state of Meghalaya, with this contribution, is known to comprise of
151 species under 79 genera and 14 families i.e. approximately 1/3 (151:494) of whole Indian
faunal component. Of these Zygoptera and Anisoptera and represented by 69 and 90 species
respectively.

HISTORICAL BACKGROUND

Perusal of literature reveals that first defenite Odonata record from Meghalaya is of Hagen
and Selys (1853) who described a new species viz., Echo margarita. There after contribution (o
the Odonate fauna of Meghalaya goes to the credit of several workers. A brief mention is, though,
made hereunder; but for detail reference may be made to the works of Fraser (1933, 34, 36) and
Lahiri (1987). Ed. de Selys Long Champs (1859-1891) described several species from Meghalaya.
Ris (1909-1912) described a new species and recorded 5 Libellulid odonates. Laidlaw (1914-1932)
contribution is of 10 species, of which 7 were new and 3 new records for the state. Fraser (1919-
1935) contributed 26 Odonates; 17 of which were new species, 1 subspecies and 8 new records.
In Fauna of British India : Odonata Fraser (1933-36) described 7 new species and 1 subspecies.
Lahiri (1976) and Lieftinek (1977) described a new species each. Lahiri (1987) contributed further
towords knowledge of odonata of Meghalaya by contributing on 147 species and 28 genera ;
which includes 6 new species, | new subspecies and 49 new records.
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CONTENTS OF PRESENT PAPER

Material on which present work is based were mainly collected by various Zoological
Survey of India parties; including collection by senior author. These surveys were made in systematic
way covering various districts and physiographic zones encompasing Khasi Jayantia and Garo
Hills of earst while Assam province. Present work has also incorporated study of ‘Type material’
(Holotype, Allotype and paratypes) of 7 species present in the National Zoological collection of
this survey. Senior author, has also examined certain material at E.R. Station of this Survey. Care
has also been taken to include odonate species mentioned in earlier important work so as to
provide more comprehensive faunal picture of this group of insect in Meghalaya.

In this contribution new records of 12 species under 12 genera and 7 families are included.
Thus a comprehensive list of Odonates so far known from Meghalaya has been provided; which
comprises of 151 species. Key to various level of taxa, such as key to families, subfamilies, genera
and species has been provided. Against each species intresting features, variations, distribution
pattern within state and elsewhere and extent of endemism is also indicated. Number of diagrams,
distribution maps and tables are provided to enhance its utility.

SYSTEMATIC ACCOUNT

A brief mention is made of salient morphological features, with special reference to taxonomic
importance and supported by diagrams (Plates I-V). Collection and study techniques are also
provided, alongwith a comprehensive list of technical terms used. This is followed by analysis of
the faunal component of odonates from the state vis-a-vis rest of India; key to various level of taxa
involved, and species wise account, supplemented by classified faunal list of odonate insects for
Meghalaya.

GENERAL MORPHOLOGY

Morphology of Odonata, commonly known as dragonfly are adapted to suit their environment.
These insect pass their adult life as swift flyers in vicinity of aquatic ecosystem and larval stages
within water bodies.

A brief morphological features are, though, indicated here for convinence and ready reference.
For detailed morphological features of both adult and larvae work of Fraser (1933,34,36,57) and
Tillyard (1917) need be referred, which have been also basis of present work, specially in respect
of wing venation and nomenclature thereof.

Adult are air breething, head large, linked with thorax by delicate connection, antenae
minute, filiform. Eyes large almost covering major part of dorsal surface of head in all Libellulids
and other families of Anisoptera; while these are not so large in most of Zygopterans and are
separated by wide gap. Prothorax mesothorax and metathorax are fused, angled forwardly, so are
their respective legs. Wings are paired, reticulated, almost of same shape and size in practically
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all the Zygopterans; while most of the Anisopterans have the posterior pair of wing wider, specially
in their anal area. Abdomen is long, slender, ten segmented terminating in paired anal appendages.
Most characteristic feature of male accessory genetalia is that these are shifted to the underneath
of 2,3 abdomen, while gonopere are in their usual position. This necessiates their peculiar bending
and coupling, in male-female forming some short of loop called ‘tandem’ Ovipositors are simple
for exophytic forms (most of Anisopterans) or strong, serrated for endophytic forms (most of
Zygopterans).

Larvae are long, elongated cylindrical in littoral and stout, broad bodied in benthie forms.
These have extenstile, prehensile labium, Zygopterans have abdominal gills and caudal filament,

which are lacking in Anisopterans and these breeth by clocal chamber suited for necessary exchange
of disolved oxygen.

List of technical terms : A list of technical terms used in key and or text are indicated,
hereunder, along with their explanation. Same are arranged alphabetically :—

Name of Term Explanation

Anal appendage Male of Zygopterans with 2 pairs, male of
anisoptera with | pair & single inferior and
one pair in female uniformly at the end of
abdomen.

Anal loop An area of cells at the base of hindwing just
adjacent to discoidal cell.

Anal triangle Triangle at extreems base of hind wing in male
of Anisoptera.

Antenodal nervures Short transverse nervures running from the
costal to radius proximal to node.

Caudal gill Accessory respiratory organs at the distal end
of Zygopteran larvae.

Cubital space Space posterior to basal space, extending to
base of discoidal cell.

Discoidal cell Triangular or quadrilateral space near the wing
base, distal to cubital space. It is four sided in
Zygoptera, three sided in Anisoptera.

Discoidal field Space distal to discoidal cell, bounded by MA
and Cuii and border of wings.

Enfumed Smoky or brownish in tint.
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Name of Term

Hypertrigone

Imago

Nodal index

Node

Ocellus

Postnodal nervures

Pterostigma

Tencral

Tornus

Vertex

Veside

Vulvar scales

State Fauna Series 4 : Fauna of Meghalaya

Explanation

Narrow triangular cell above discoidal cell of
Anisopterans.

Adult

Count of antc-and post-nodal nervure in fore
and hind-wings.

Thickening at costal margin nearer base of
Zygoptera but in middle of Anisopterans.

Simple eye, three uniformly in all dragonfly
and damselllics, disposed in a line in front of
vesicle or in a triangle around vesicle on vertex
of head.

Short transverse nervures running from the
costal to radius, distal to node.

Small, thickened spot on the apical side on
costal bordcr.

Freshly emcrged adult prior to hardening and
acquiring full adult pigmentation.

Part of basal and posterior part of wing either
angular or rounded, of Anisopterous wings.

Dorsal surface of head, bearing veside and
ocelli.

Small protuberance/eminence on vertex of
head overhanging ocelli or located between
them.

Sheath covering ovipositor formed of two
plates attached to ventral segments of 8,9
abdomen.

Diagram : Gencralized diagram of a dragonfly and a damselily imago showing head,
thorax, abdomen, wings. Another gencralized diagram of a dragonlly and damselfly larvae showing
head, thorax, abdomen extended prehensile labium, abdominal and caudal gills.

MATERIAL AND METHOD

Collcction techniques : Collection technique which have been adopted were totally different
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for imago (adult : male & female) then their larval counterparts, as their ccological niche and
habitat are totally different. Former inhabit aquatic vegetation in vicinity of water body. Zygopterans
(Damselfly) were best collected by sweepig with insect net. Anisopterans (dragonfly) were collected
amongsts vegetation near water body or even quite away, flying fast. In these cases insect net was
effectively used by stroking head-backwardly action. Larvae were collected by using watcr nct by
side of water body amongst aquatic vegetation, under localized shelter of pebbles, stones or by
scooping and washing bottom mud/sub-stratum for benthic forms. Some specimens of emerging
imagos teneral forms are attracted to light and were collected by gentle swing of net as these were
observed not to be good fliers as compared to the imagos during day time.

Study technique : Material of imagoes (adult male and female are best studied by usual
process of relaxing, properly spreading, setting and pinning. Set specimens are examined under
binocular microscope by fixing at desirable angle, level over plastacine cone/mounds fixed on
slide or over convinent size of pith/thermocol plate. External genetelia are examined somctimes
directly by adjusting specimens under desirable angle or by dissecting out and mounting onto the
slides. Wings, their venation were examined in transmitted light while pigmentation pattern were
best observed under reflected light. Observation of wing’s nodal index was invariably made to
ascertain nadal variations. Irridiscence and metallic pigmentation pattern, in most of Zygopterans
and some Anisopterans, were also best observed under reflected light.

SYSTEMATIC ACCOUNT

Odonata fauna of Meghalaya comprises of 151 species under 79 genera and 14 familics.
These constitute approximately 1 : 3 (151 : 494) of whole Indian Odonate species. Among thesc,
Zygopterans (damselflies) are represented by 66 species under 28 genera and 9 families vig.,
Coenagrionidae, Protonuridae, Platycnemididae, Chlorolestidae, Lestidac, Amphipterygidae,
Chlorocyphidae, Euphaeidae and Calopterygidae. These familics together represent approximately
1/1.26 (66 : 85) of Mcghalaya Odonates or a little less than 1/3 of Anisopteran component. Among
Zygopterans single subfamily : Ischnurinae vis-a-vis rest of Zygoptera are 1 : 3.77 or a little lcss
than 1/3. This is closely followed by Calicneminae (10). Familywise predominance is of
Coenagrionidae (18) followed by Chlorocyphidae (11).

Anisoptera comonent of Meghalaya Odonates comprises of 85 species under 51 genera and
5 families. Among these the single subfamily Libellulinae dominates as it is almost 1 : 1.12 or a
little less than 50% of Anisoptera. Next maximum represented Anisopteran subfamily is Gomphinae
(20). Familywise predominance is of Libellulidae (40) followed by Gomphidae (22) and Aeshnidae
(15).

Analysis of the faunal component of Odonates from Meghalaya reveals that four families;
one under Zygoptera (Coenagrionidae) and three under Anisoptera (Aeshnidae, Gomphidae and
Libellulidae) constitute major proportion of Meghalaya Odonates (92 : 59). Faunal element as such
shows defenite affinity with those of Indochinese and much lesser to the Neotropical elements.
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Among the faunal element of Meghalaya Odonata only a very small proportion at generic level
(one genus) and slightly more at species level (Thirty three) have endemism. 12 species are new
record for the state. Key to all level of taxa involved for Odonatas of Meghalaya i.e. sub-order
superfamilies, families, genera, species have been provided. These are formulated partly basing on
Fraser (1933,34,36,57) and partly modified on basis of authors own observations/interpretations.
A consolidated list of systematically arranged species of Meghalaya component of the Odonate
insects is provided at the end of Taxonomic Account followed by Summary and list of relevent
literature. Distribution maps (Maps 1-12) for certain Odonates species (abundant, endamic or rare)
are also provided for Meghalaya districts so as to provide an idea of their distribution pattern
within states and districts at a glance.

TAXONOMIC ACCOUNT
Order ODONATA
Key to the Suborders, Superfamilies and Families

1. Fore and hind-wings more or less of same shape and venation, head transversely elongated,
both superior and inferior anal appgndage in male paired.........ccocceveevirniiniennercsencnneenne 2.

— Fore and hind-wings are distinctly diffeerent in shape and venation-hingwings broader
specially in anal area, head not transversely elongated rather globular ; paired superior and

single inferior anal appendage in male.........ccccccceceverucunnee. ANISOPTERA........ccccoecrrvrunns 5.
2. Eyes widely separated, frons not rigid nor markedly raised, larvae with abdominal and
caudal gill......c.ccccovviivinininniicnciiniiieee e W LYGOPTERA L, 3.
3. Antenodals more than 2, postnodals not coinciding with veins below
........................................................................ .CALOPTERYGOIDEA..............eeeueeee 10
— Only 2 antenodals, postnodals coinciding with veins below.............ccccceevererinenrevenrenrenne 4,

4. IRiii and R IV+V more near node than arc, Males anterior hamules subquadrate

— IRiii and R IV+V more near arc than node, Males anterior hamules elongate
vevereeeene....LESTOIDIDEA.................. 12.

5. Labial mask of larvae flattened without setae, lateral lobes narrow with long robust movable
hOOK......oiiiiiiiiiiiiiiiiiciiicccsies v e . . AESHNOIDEA................ 13.

— Labial mask of larvae broad, concave with numerous setae, lateral lobes broad with tuft of
SELAC . ..eeeeuueeetrreretereeeesessessaesansraraeeaeaesesassnnsenannnantaeeseasereseenansdnnnsareestasaeeesensesaesessessaannssnsnnssnsnssnns 6.

6. Costal and subcostal veins not coinciding, eyes are slightly separated or meeting only at a
point; anterior and posterior hamules of genitalia well developed, ovipositor lacking or only
PSEUAOVIPOSILOT......c.eeuiiiiritriririeseteie et v e seere st s st essnasaneas CORDULEGASTEROIDEA*

(* contains only a single family-Cordulegastridae)
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