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Abstract. Drawida willsi was the first species of earthworm reported from Chhattisgarh state by Michaelsen in 1907. After
that, only one survey of earthworm has been carried out there in 2021. Here we present a first-hand information on the survey
of earthworms carried out in Chhattisgarh state in the year 2022. The study documents 12 species belonging to 4 families.
Among these, Dichogaster affinis (Michaelsen, 1890) and Polypheretima elongata (Perrier, 1872) are exotic peregrine
species. Species such as Drawida limella Gates, 1934, Lennogaster chittagongensis (Stephenson, 1917) and Octochaetona
compta (Gates, 1945) expanded their distribution to central India. The study also noted the presence of microplastic for the
first time in the ingesta of an earthworm (Lampito mauritii Kinberg, 1867) from India. Further detailed survey would add
more species into the faunal list of Chhattisgarh, even species new to science.

Keywords. Annelida, east-central India, ingesta, microplastic, Oligochaeta.

INTRODUCTION

India is one of the most earthworm rich
countries in the world. Perrier (1872) described
the first earthworm species from India in the third
quarter of the 19" century, and several new earth-
worm species have been described more recently
(Narayanan et al. 2017, 2021, 2022, Lone et al.
2020, 2022, Tiwari et al. 2021, Ahmed et al
2022, 2023a, b). In India, the Western Ghats and
the West Coast Plains are considered as the
richest in terms of earthworm diversity followed
by the northeastern region (Narayanan et al. 2020,

Tiwari et al. 2020, Harit et al. 2014). Michaelsen
(1907) described Drawida willsi from the
Bilaspur in the present day political boundary of
Chhattisgarh and formed the sole documented
species of earthworm from the state in the last 115
years. Since then no taxonomical exploration for
the earthworm fauna is carried out in detail in
Chhattisgarh state. But recently, Hasan et al.
(2023) made a small collection of the earthworms
of this state and added another 9 species to the
faunal list. In 2022, we conducted a pilot survey
of earthworms in diverse habitats across various
physiographic regions of the state Chhattisgarh.
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This survey revealed the presence of several
previously unreported earthworm species, adding
to the faunal list of the Chhattisgarh.

Chhattisgarh is situated east-central India (Fig.
1) and lying in Deccan plateau and the Vindhyan
Hill regions of central India. The border of the
states surrounded by seven states of India viz., Ut-
tar Pradesh, Madhya Pradesh, Maharashtra, Jhar-
khand, Odisha, Telangana, and Andhra Pradesh,
which spread over an area of 135,192 km?® (be-
tween 170°47'N to 24°06' N and 80°15'E to
84°24' E) of which 44% is covered by forest (Nai-
du et al. 2019; ISFR 2021). The state is divided

into three agro-climatic zones: Chhattisgarh Plains,
Northern Hills, and the Bastar Plateau. It is situat-
ed in the East Deccan physiographic zone. The
average annual temperature ranges from 11°C to
47°C, while the average annual rainfall varies
between 1,100 mm and 1,700 mm (ISFR 2021).
Chhattisgarh is also considered as one among the
heavily forested states in India and rich in biodi-
versity (Naidu ez al. 2019). According to the Cham-
pion & Seth (1968) classification of forest types,
the forest of Chhattisgarh comes under two groups,
namely tropical moist deciduous and tropical dry
deciduous forests, which are further subdivided
into 12 forest types (ISFR 2021).
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Figure 1. Map showing the location of collection sites in Chhattisgarh state.
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MATERIALS AND METHODS

Nine randomly selected locations in Chhattis-
garh Plains zone were used for earthworm
sampling (Fig. 1). Earthworms were gathered by
digging and hand-sorting as described by Julka
(1990). Additionally, organic microhabitats in-
cluding leaf litter and fallen tree trunks were
looked for. Collected specimens were washed and
then preserved in 5% formalin for further taxo-
nomic identification. All relevant morphological
and anatomical characterization of the earth-
worms was carried out under a Nikon stereomic-
roscope (Model: SMZ800N). Photos were taken
with the help of a camera attached to the mi-
croscope. Specimens collected were identified
with the help of Stephenson (1923), Gates (1972),
Julka (1976, 1978, 1988, 2008) and Blakemore
(2012). Following Narayanan et al. (2023a),
identified earthworms were classified into en-
demic, subendemic, native peregrine and exotic
peregrine categories. Here in this work, we have
followed the family and genera level classi-
fication as given in the recent publiccations of
Brown et al. (2023) and Misirhoglu et al. (2023).
The collected specimens were deposited in the
earthworm museum of Advanced Centre of
Environmental Studies and Sustainable Deve-
lopment (ACESSD), Mahatma Gandhi Univer-
sity, Kottayam, Kerala, India.

RESULTS

During the study, altogether 12 species of
earthworms belonging to 7 genera and 4 families
(viz., Moniligastridae, Acanthodrilidae, Benhami-
idae and Megascolecidae) were collected from
various sampled areas of the Chhattisgarh state.
Species identified are — Drawida calebi Gates,
1945, Drawida limella Gates, 1934, Lennogaster
chittagongensis (Stephenson, 1917), Octochae-
tona beatrix (Beddard, 1902), Octochaetona
compta (Gates, 1945), Octochaetona surensis
(Michaelsen, 1910), Pellogaster bengalensis
(Michaelsen, 1910), Dichogaster affinis (Mich-
aelsen, 1890), Lampito mauritii Kinberg, 1867,
Perionyx excavatus Perrier, 1872, Perionyx mil-
lardi Stephenson, 1915 and Polypheretima elon-

gata (Perrier, 1872). Among these 2 are exotic
species (Di. affinis and Po. elongata) originated
from distant countries or biogeographical realms
and rest of them are either native peregrine or
endemic species.

TAXONOMY

Phylum Annelida
Class Clitellata
Order Moniligastrida

Family MONILIGASTRIDAE Claus, 1880

Drawida calebi Gates, 1945
(Figures 2A, B)

Drawida calebi Gates, 1945a: 211.

Material examined: 2 clitellates, 2 aclitellates
(ACESSD/EW/1588), Megha (20.788672°N
81.813437°E), Dhamtari District, Chhattisgarh,
agriculture field, 30 October 2022, Y. Lal.

Description: Length 50-54 mm, width 3-3.5
mm, segments 149-162. Clitellum annular in 29—
Y214 (=5) (Fig. 2A). Male pores paired, transverse
slits in intersegmental furrow 10/11, at bc setal
lines. Spermathecal pores paired, in inter-
segmental furrow 7/8, slightly median to ¢ setal
line. Genital markings, present, small, pre or post
setal, usually single and median, widely paired in
bc setal lines, on segments 7-13, sometimes
widely paired in ab setal lines on segment 12 and
closely paired in aa setal lines on segments 7—10;
one of the paired markings sometimes absent or
doubled or tripled. Nephridiopores in a single
series close to d lines. Gizzards 2—4, in segments
12-17; intestine begins in segment 24-27. Ovi-
sacs extend from segment 13-20, constricted by
septa, bulging into the coelomic cavity. Vas
deferens short, in a small column of loops in
segment 9, almost straight in 10, entering the
anteromedian aspect of the prostate directly.
Prostates muscular (Fig. 2B), almost spheroidal,
sessile, with an internal ventral portion protrusible
as a shortly tubular penis. Spermathecal atrium
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Figure 2. Drawida calebi Gates, 1945: A = anterior ventral view, B = muscular prostate, dorsal view. C = clitellum,
GM = genital marking, MP = male pore, Pr = prostate, SPP = spermathecal pore.

conical, in segment 8, smaller than prostate. Ge-
nital marking glands spheroidal to shortly oval,
concealed beneath longitudinal muscles.

Ingesta: Fine soil and few pieces of pebbles.

Distribution: Chhattisgarh: Megha (present
record), Bakurma (Bakirma?), Ditenkhali, Jamna-
pur, Sanjay National Park — Ambikapur (Hasan et
al. 2023); Jharkhand, Karnataka, Madhya Pradesh
Odisha, Tamil Nadu, Uttar Pradesh (Gates 19454,
b, Julka 1976, Srivastava et al. 2003, Kathireswari
et al. 2005a)

Remarks. Endemic to India. In the specimens
studied, gizzards are in segments 13—15 (3 indi-
viduals). Intestine origin in segment 17, which
differed from the descriptions of Gates (19454, b).
Ovisacs extend from segment 13-20, constricted
by septa, bulging into the coelomic cavity. Based
on the present study and Hasan et al. (2023), the
dimension of D. calebi specimens from Chhattis-
garh state is the following, length 20-95 mm,
width 2—4 mm, segments 103—184.

188

Drawida limella Gates, 1934
(Figures 3A, B)

Drawida limella Gates, 1934: 241.
Drawida periodiosa Gates, 1934: 247.
Drawida limella Gates: Julka 1976: 323.

Material examined: 6 clitellates, 4 aclitellates
(ACESSD/EW/1508), Atal Nagar-Naya Raipur,
Raipur District, Chhattisgarh (21.137545°N
81.781924°E), from roadside in a built-up area, 4
August 2022, A K. Harit.

Description: Length 76-113 mm, width 3—
3.5mm, segments 207-257. Clitellum annular, in
Y2 9, 10-13, 14 (42-5':). Male pores tiny, in ab
setal lines, each pore located on a nipple-like
projection at the ventral end of a conical poro-
phore which apparently belongs to segments 10
and 11 (Fig. 3A). Spermathecal pores tiny, at
intersegmental furrow 7/8 or on 7 or § or on one
of the genital markings near 7/8, at bc setal lines
or slightly lateral to b or close to ¢ lines. Genital
markings, present, paired, circular to oval (Fig.
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A

Figure 3. Drawida limella Gates, 1934: A = male field, B = spermathecal pore region. C = clitellum,
GM = genital marking, MP = male pore, SPP = spermathecal pore.

3B), each with a minute central pore, usually in bc
setal lines, in intersegmental furrow 7/8 or post-
setal on segment 7 or presetal on segment 8, oc-
casionally presetal on segment 9—10, sometimes
in ab setal lines on segments 7-8, one of the
paired markings may be absent. Gizzards 24, in
segments 12—17; intestine begins in segment 17
(£1). Vas deferens short, looped back and forth
before opening directly into the mid-dorsal face of
prostates. Prostates circular, sessile, glandular;
prostatic capsule shortly tubular to digitiform.
Spermathecal atrium short, tubular or pear-
shaped, usually concealed beneath longitudinal
muscles; atrium sometimes absent, where ectal
end of spermathecal duct beneath longitudinal
muscles quite enlarged. Genital marking glands
tubular, erect, projecting into coelomic cavity,
much longer than the prostate.

Ingesta: Coarse sand, pebbles, soil, small
pieces of bark etc.

Distribution: Chhattisgarh: Atal Nagar-Naya
Raipur (new record); Andhra Pradesh, Assam,
Mizoram, Odisha, Puducherry (Tamil Nadu side),

Tamil Nadu, Tripura (Gates 1934, Julka 1976,
Chaudhuri & Bhattacharjee 1999, Sathianaraya-
nan & Khan 2006, Senthil & Sivakami 2018,
Lone et al. 2021)

Remarks: Subendemic. Dimensions (length,
width and segments) of the present specimens
slightly exceeds the previously reported measure-
ments (Gates 1972, Julka & Senapati 1987).

Order Crassiclitellata
Family ACANTHODRILIDAE Claus, 1880
Lennogaster chittagongensis (Stephenson, 1917)
Eudichogaster chittagongensis Stephenson, 1917: 411.
Lennogaster chittagongensis (Stephenson): Gates 1940:

192.

Material examined: 1 clitellate (ACESSD/
EW/1596), Bhilai, Durg District, Chhattisgarh,
grass patch between road and home, 14 Sep-
tember 2022, A.K. Harit, S. Bhattacharyya, A.
Dutta.
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Description: Length 30 mm, width 1.5 mm,
segments 84. Setae lumbricine. Prostomium
epilobic, closed. First dorsal pore at interseg-
mental furrow 11/12. Clitellum in segments 13—
17 (5), reddish. Male field transverse, on segment
17, often rather spindle-shaped. Male pores
minute at posterior ends of seminal grooves on
segment 17, just anterior to intersegmental furrow
17/18, at b setal lines; prostatic pores minute at
anterior ends of seminal grooves on setal arc of
segment 17, at a setal lines, seminal grooves
diagonally placed on oval porophores, at ab setal
lines. Spermathecal pores minute on or slightly
anterior to the setal arc of segment 8, lateral to a
setal lines. Genital markings absent. Septa 4/5—
7/8 delicate, 8/9—12/13 slightly muscular. Typh-
losole present, in segments 17-18 to 72-78.
Proandric, seminal vesicles absent. Prostates one
pair, in segment 17. Penial setae present, orna-
mented with 12-17 circles of fine spines, tip
truncate or narrowed to a short spine. Sperma-
thecae one pair, in segment 8, each with an ental,
pendant, shortly digitiform diverticulum. Copu-
latory setae present.

Ingesta: Colloids of very fine soil.

Distribution: Chhattisgarh: Bhilai (new re-
cord); Chandigarh, Himachal Pradesh, Jammu and
Kashmir, Kerala, Tripura, West Bengal (Julka
1988, Dhiman & Battish 2006, Halder et al. 2007,
Chaudhuri ef al. 2008, Narayanan et al. 2023b).

Remarks: Subendemic.

Octochaetona beatrix (Beddard, 1902)
(Figure 4)

Octochaetus beatrix Beddard, 1902: 456.

Octochaetus fermori Michaelsen, 1907: 171.
For further synonyms see Gates (1972), Julka
(1988) and Blakemore (2012).

Material examined: 1 clitellate (ACESSD/
EW/1505), Atal Nagar-Naya Raipur, Raipur
District, Chhattisgarh (21.137545°N 81.781924°
E), from roadside in a built up area, 4 August
2022, A K. Harit.
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Figure 4. Octochaetona beatrix (Beddard, 1902): male field.
C = clitellum, SG = seminal groove.

Description: Length 81 mm, width 3 mm,
segments 185. Setae lumbricine. Prostomium epi-
lobous. First dorsal pore at intersegmental furrow
12/13. Clitellum annular, covering segments 13—
17, 18 (Fig. 4), setae retained, furrows obscured.
Male genital field slightly depressed; male pores
minute, at or just median to a setal line in segment
18. Prostatic pores minute, median to a setal line;
seminal grooves concave between setal arcs of
segments 17 and 19. Female pores paired on
segment 14. Spermathecal pores minute, on or
slightly anterior to the setal arcs of segments 8
and 9. Discrete genital markings absent, but
paired oval to circular slightly thickened areas
present, lateral to seminal grooves, on segments
18 and 19. Septa 4/5, 8/9-11/12 muscular, 5/6/7/8
absent. Gizzard between septa 4/5 and 8/9;
intestine begins in 16 or 17. Typhlosole, large
bifid lamelliform. Metandric. Penial setae orna-
mented with sparse triangular teeth. Spermatheca,
two pairs, each with a spheroidal, shortly
pyriform, oval or flattened and shelf-like, diver-
ticulum shortly stalked, iridescent.
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Ingesta: Colloids of fine soil and small
pebbles.

Distribution: Chhattisgarh: Atal Nagar-Naya
Raipur (new record); Andhra Pradesh, Arunachal
Pradesh, Bihar, Chandigarh, Goa; Gujarat, Hary-
ana, Himachal Pradesh, Jammu and Kashmir,
Jharkhand, Karnataka, Kerala, Madhya Pradesh,
Maharashtra, Odisha, Punjab, Rajasthan; Sikkim,
Tamil Nadu; Tripura, Uttarakhand, Uttar Pradesh,
West Bengal (Julka 1988, Halder & Dhani 2005,
Halder et al. 2007, Chaudhuri ef al. 2008, Mandal
et al. 2011, Sharma & Bhardwaj 2014, Subedi et
al. 2018, Lalthanzara et al. 2020).

Remarks: Native peregrine.

Octochaetona compta (Gates, 1945)
(Figure 5)

Octochaetoides comptus Gates, 1945b: 80
Octochaetona compta (Gates): Gates 1962: 213.

Material examined: 4 clitellates (ACESSD/
EW/1506), Atal Nagar-Naya Raipur, Raipur
District, Chhattisgarh (21.137545°N 81.781924°
E), from roadside in a built up area, 4 August
2022, A.K. Harit.

Description: Length 63—118 mm, width 4-4.5
mm, segments 81-201. Setae lumbricine. Pros-
tomium epilobic, closed. First dorsal pore in
intersegmental furrow 12/13. Clitellum annular in
segments 13—-17 (=5). Copulatory setaec on seg-
ment 8 sometimes being surrounded by tumes-
cences. Male genital field transversely oval
between intersegmental furrows 16/17 and 19/20.
Male pores minute, slightly median to b setal line;
prostatic pores minute, just median to b setal line;
seminal grooves nearly straight or irregularly
biconcave with indentations on the setal arc of
segment 18, between the setal arcs of segments 17
and 19. Female pores paired. Spermathecal pores
minute, slightly anterior to the setal arcs of
segments 8 and 9, at ab setal lines, sometimes at a
or b. Genital markings oval, unpaired and median
(Fig. 5), presetal, usually on segment 13, some-
times on 15, 20-25, at aa or bb or reaching

laterally well into be setal lines. Septa 4/5, 8/9—
11/12 muscular, 7/8 delicate to slightly muscular,
5/6/7 absent. Gizzard between septa 4/5 and 7/8.
Intestine begins in segment 17; typhlosole pre-
sent. Last pair of hearts in segment 13. Holandric.
Seminal vesicles in segment 9, 11 and 12. Penial
setae present, ornamented with 15-30 circles of
small teeth, tip sharp or rounded, narrowed or
widened, flattened. Ectal spermathecal diverti-
culum, dorso-ventrally flattened and circular disc-
like.

Ingesta: Colloids of fine reddish soil and large
pieces of reddish rocks and pebbles.

Distribution: Chhattisgarh: Atal Nagar-Naya
Raipur (new record); Andhra Pradesh, Karnataka,
West Bengal (Gates 19455, Halder 1999, Mubeen
& Hatti 2022).

Remarks: Endemic to India. Length and seg-
ments number of the present specimens slightly

vary from the previously reported measurements
by Julka (1988).

Figure S. Octochaetona compta (Gates, 1945): male field.
C = clitellum, GM = genital marking, SG = seminal groove.
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Octochaetona surensis (Michaelsen, 1910)
(Figures 6A, B)

Octochaetus surensis Michaelsen, 1910: 88.

Octochaetus (Octochaetoides) surensis (Michaelsen):
Stephenson 1923: 394.

Octochaetona surensis (Michaelsen): Gates 1962: 213.
For further synonyms see Julka (1988).

Material examined: 9 clitellates (ACESSD/
EW/1589), Megha (20.788672° N 81.813437° E),
Dhamtari District, Chhattisgarh, agriculture field,
30 October 2022, Y. Lal; 6 clitellates (ACESSD/
EW/1590), Rajim (20.969696° N 81.877096° E),
Gariaband District, Chhattisgarh, Mahanadi River
bank, 14 September 2022, A.K. harit, S.
Bhattacharyya, A. Dutta; 6 clitellates (ACESSD/
EW/1598), Kesav (Keshwa?) Nala, Mahasamund
District, Chhattisgarh, Jonk River bank, 5 October
2022, M. Singh.

Description: Length 36-57 mm, width 2.5-3.5
mm, segments 75-149. Setae lumbricine. Pros-
tomium epilobic, closed. First dorsal pore at
intersegmental furrow 12/13. Clitellum annular in
segment 13—16, 17 (= 4-5). Copulatory setae on
segments 8 and 9, surrounded by tumescences.

A

Male genital field extends from segment 16-20,
with deep unpaired transverse depressions,
postsetal on segment 17 and presetal on segment
19 (Fig. 6A). Male pores minute, median to b
setal line; prostatic pores minute, at b line;
seminal grooves convex between setal arcs of
segments 17 and 19. Female pores paired,
sometimes unpaired and median. Spermathecal
pores minute, on or close to the setal arcs of
segment 8 and 9, at ab setal lines (Fig. 6B).
Genital markings present, oval shaped, paired or
unpaired and median, postsetal on some of
segments 18-22, at aa or bb setal lines. Septa 4/5,
8/9-10/11 muscular, 5/6/7/8 absent. Gizzard
between septa 4/5 and 8/9. Intestine begins in
segment 17, typhlosole present. Last pair of hearts
in segment 13. Holandric, testes and male funnels
in cylindrical sacs, in segments 10 and 11.
Seminal vesicles in segments 9 and 12. Penial
setae present, ornamented with a few longitudinal
rows of triangular teeth, tip pointed or claw-
shaped. Each spermatheca with a shortly stalked,
multiloculate ental diverticulum, duct longer than
ampulla. Copulatory setae ornamented with
longitudinal rows of spikes or thorn-like protu-
berances, tip slightly claw-shaped. Genital mark-
ing glands absent

B

Figure 6. Octochaetona surensis (Michaelsen, 1910): A = male field; B = spermathecal pore region. C = clitellum, FP = female
pore, SG = seminal groove, SPP = spermathecal pore.
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Ingesta: Colloids of fine soil, sand, quartz
and sparse fibres materials.

Distribution: Chhattisgarh: Kesav (Keshwa?)
Nala, Megha, Rajim (present records), Bagicha
(Hasan et al. 2023); Andhra Pradesh, Assam,
Karnataka, Madhya Pradesh, Odisha, Tamil Nadu,
Uttarakhand, Uttar Pradesh, West Bengal (Julka
1988, Halder & Dhani 2005, Kathireswari et al.
2005a, Biswas et al. 2008, Mandal et al. 2010,
2013).

Remarks: Native peregrine. In the present
study, the lowest number of segments recorded is
75. Based on the present study, dimension of O.
surensis is updated as length 36—140 mm, width
2.5-6 mm, segments 75-180 (Julka & Senapati
1987, Julka 1988).

Pellogaster bengalensis (Michaelsen, 1910)
(Figures 7A, B)

Eudichogaster bengalensis Michaelsen, 1910: 96.

Pellogaster bengalensis (Michaelsen): Gates 1940: 201.

Pellogaster bengalensis f. orissanus Gates, 1940: 205.

Pellogaster bengalensis f. jubbulporensis Gates, 1940:
206.

A

Material examined: 6 clitellates (ACESSD/
EW/1591), Rajim (20.969696° N 81.877096° E),
Gariaband District, Chhattisgarh, Mahanadi River
bank, 14 September 2022, A.K. Harit, S. Bhat-
tacharyya, A. Dutta.

Description: 62—86 mm, width 1.5-1.75 mm,
segments 117-140. Setae lumbricine. Prostomium
tanylobic. First dorsal pore at intersegmental
furrow 10/11 or 11/12. Clitellum annular, in %213,
14-16, 17. Male pores minute, at ab setal lines;
prostatic pores minute, at ab setal lines; seminal
grooves straight (Fig. 7A). Female pores slightly
within a setal line. Spermathecal pores tiny,
transverse or crescentic slits. Genital markings
tiny, circular to oval, paired, close to the sper-
mathecal pores on segments 8-9 (Fig. 7B), pre-
setal on segment 17, postsetal on segment 19, at
ab setal lines, sometimes on the setal annuli of
segment 10, 20, posterior margin of segment 19,
in or slightly posterior to 19/20, at aa setal lines.
Intestine begins in segment 16, typhlosole pre-
sent. Last pair of hearts in segment 12. Holandric.
Seminal vesicles in segments 11 and 12, those of
12 extending to the dorsal line. Penial setae
present, ornamented with ca. 15 irregular, broken
circles of fine to triangular spines, tip claw-

B

Figure 7. Pellogaster bengalensis (Michaelsen, 1910): A = spermathecal pore region; B = male field. C = clitellum,
GM = genital marking, PS = penial setae, SG = seminal groove.
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shaped or simply pointed and bluntly rounded.
Spermatheca with a sessile ental diverticulum,
duct as long as or longer than ampulla.

Ingesta: Very fine soil, quartz pieces and
sparse pieces of pebbles etc.

Distribution: Chhattisgarh: Rajim (new re-
cord); Jharkhand, Madhya Pradesh, Odisha, Uttar
Pradesh, West Bengal (Julka 1988, Verma et al.
2010).

Remarks: Subendemic. In the present study,
one worm had a length of 86 mm and the width
varied from 1.5-1.75 mm, which differs from the
previous report by Julka (1988).

Family BENHAMIIDAE Michaelsen, 1897
Dichogaster affinis (Michaelsen, 1890)

Benhamia affinis Michaelsen, 1890: 9.

Dichogaster (Diplothecodrilus) affinis (Michaelsen):
Csuzdi 1996: 357.
For further synonyms see Csuzdi (2010).

Material examined: 1 clitellate (ACESSD/
EW/1586), Megha (20.788672° N 81.813437° E),

Dhamtari District, Chhattisgarh, agriculture field,
30 October 2022, Y. Lal.

Description: Length 22 mm, width 1 mm,
segments 66. Setae lumbricine, closely paired.
Prostomium epilobous. First dorsal pore starts at
intersegmental furrow 5/6. Clitellum saddle-
shaped, in segments 13/14-21/22. Spermathecal
pores two pairs, in line with a setal line. Prostatic
pores, two pairs, on segments 17 and 19, in line
ab setal line; seminal grooves almost straight,
each included by a whitish wall, which also
includes the prostatic pores. Gizzards 2, in
segments 6 and 7. Calciferous glands, three pairs,
kidney-shaped, in segments 15-17, the most
anterior the smallest. Prostates straight.
Spermathecae with very thick, fairly long duct,
which bears immediately below its middle a small
club-shaped diverticulum. Penial setae present,
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thin, gently undulating, with slightly knob like
distal end.

Distribution:  Chhattisgarh: Megha (new
record); Andhra Pradesh, Arunachal Pradesh, Gu-
jarat Jharkhand, Karnataka, Kerala, Madhya
Pradesh, Maharashtra, Meghalaya, Odisha, Tamil
Nadu, Tripura, West Bengal (Julka 1988;
Srivastava et al. 2003; Halder & Dhani, 2005;
Halder et al. 2007; Chaudhuri et al. 2008).

Remarks: Exotic peregrine.
Family MEGASCOLECIDAE Rosa, 1891
Lampito mauritii Kinberg, 1867

Lampito mauritii Kinberg, 1867: 103.
For full list of synonyms see Gates (1972) and
Blakemore (2012).

Material examined: 3 juveniles (ACESSD/
EW/1587), Megha (20.788672° N 81.813437° E),
Dhamtari District, Chhattisgarh, agriculture field,
30 October 2022, Y. Lal; 3 clitellates (ACESSD/
EW/1592), Rajim (20.969696° N 81.877096° E),
Gariaband District, Chhattisgarh, Mahanadi River
Bank, 14 September 2022, A.K. Harit, S. Bhatta-
charyya, A Dutta; 2 juveniles (ACESSD/EW/
1593), Parkhanda (20.9250148° N 81.7543418°
E), Dhamtari District, Chhattisgarh, agriculture
field, 26 October 2022, A. Singh; 1 aclitellate
(ACESSD/EW/1595), Durg, Durg District, Chhat-
tisgarh, near human habitation, 8 September 2022,
A K. Harit, S. Bhttacharya, A. Dutta.

Description: Length 87-92 mm, width 3.5
mm, segments 150—155. Setae perichaetine, some
ventral setae on the anterior part of the body much
enlarged. Prostomium epilobous. First dorsal
pore, in intersegmental furrow 10/11 or 11/12.
Clitellum annular, in segments 14—17. Sperma-
thecal pores three pairs in intersegmental furrows
6/7/8/9. Male pores on segment 18. Female pores,
paired, on segment 14. Gizzard in segment 5.
Meganephridia accompany the micronephridia
from segment 20 onwards. Prostates large race-
mose in segments 18-19, with muscular duct.
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Spermathecae with long elongated ampulla, con-
stricted in the middle, and narrowing towards the
external opening; duct not distinctly marked off;
bidiverticulate, diverticula club-shaped, opposite
each other, one-third as long as ampulla. Penial
setae present.

Ingesta: Largely plant materials, semi digested
fibrous grass leaves, soil, pebbles etc. Also noted
a red coloured microplastic fibre.

Aberration: In one specimen male pore of the
left hand side is located in the 19" segment.

Distribution: Chhattisgarh: Durg, Megha,
Parkhanda, Rajim (present records), Aujhariya,
Anjay National Park — Ambikapur, Jamnatpur
(Hasan et al. 2023); Andaman and Nicobar Is-
lands, Andhra Pradesh, Assam; Delhi; Goa, Gu-
jarat, Haryana, Himachal Pradesh; Jammu and
Kashmir, Jharkhand, Karnataka, Kerala, Lakshad-
weep Islands, Madhya Pradesh, Maharashtra;
Odisha, Puducherry; Punjab; Rajasthan, Tamil
Nadu; Telangana, Tripura, Uttarakhand, Uttar
Pradesh, West Bengal (Stephenson 1923, Steph-
enson 1924, Gates 1944, Halder & Ghosh 1997,
Chaudhuri & Bhattacharjee 1999, Srivastava et al.
2003, Mandal et al. 2010, Khan & Rampal 2014,
Sharma & Bhardwaj 2014, Rajkhowa et al. 2015,
Ahmed et al. 2020).

Remarks: Native peregrine, widely distributed
in the tropical regions of the globe. Record of
microplastic in the ingesta of L. mauritii is of
special significance. Microplastics are defined as
the plastic fragments with particle size < 5 mm
and is widely distributed in terrestrial environ-
ment (Jiang et al. 2020). Cui et al. (2022) recently
summarized the adverse effects of microplastics
on earthworms, as it adversely affects the growth,
behaviour, oxidative response, gene expression,
and gut microbiota of earthworms. This is the first
report of microplastic in an earthworm from
India.

Perionyx excavatus Perrier, 1872

Perionyx excavatus Perrier, 1872: 126.
For full list of synonyms see Blakemore (2012).

Material examined: 7 clitellates (ACESSD/
EW/1594), Kalinga University Campus - Kotani,
Raipur District, Chhattisgarh, grassland, 16
October 2022, A. Dutta, M. Singh, A.K. Harit, S.
Bhttacharya.

Description: Length 60-78 mm, width 2-2.5
mm, segments 162—176. Setae perichaetine. Pro-
stomium epilobic, tongue open. First dorsal pore
in intersegmental furrow 2/3-5/6. Clitellum an-
nular, in segments 13—17. Male pores on a small
papilla in a single male field, each papilla with 4—
9 peni-setal follicles contained in a transverse
groove. Spermathecal pores paired, near mid-
ventral line in intersegmental furrow 7/8/9. Ge-
nital markings absent. Gizzard absent or slightly
developed in segment 5; intestine begins in
segment 15 or 16. Last pair of hearts in segment
12. Holandric. Seminal vesicles in segments 11
and 12. Spermathecae paired, large, in segments 8
and 9, each with intramural seminal chambers
near ental end of duct.

Ingesta: Colloids of soil, in one specimen, in-
testine is devoid of any food materials.

Distribution: Chhattisgarh: Kalinga University
Campus - Kotani (present record), Bagicha (Ha-
san et al. 2023); Andaman and Nicobar Islands,
Andhra Pradesh, Arunachal Pradesh, Assam,
Bihar, Himachal Pradesh, Jammu and Kashmir,
Jharkhand, Karnataka, Kerala, Madhya Pradesh,
Maharashtra), Manipur, Meghalaya, Mizoram,
Nagaland, Odisha, Puducherry, Punjab, Sikkim,
Tamil Nadu, Tripura, Uttarakhand, Uttar Pradesh,
West Bengal (Stephenson 1923, Gates 1931,
Julka 1977, 1978, 2006, Soota & Halder 1981,
Chaudhuri & Bhattacharjee 1999, Nesemann et
al. 2004, Ramanujam et al. 2004, Halder & Dhani
2005, Sathianarayanan & Khan 2006, Nair et al.
2007, Sinha et al. 2013, Khan & Rampal 2014,
Vishwakarma & Yadav 2017, Jing et al. 2022).

Remarks: Native peregrine, which attained
worldwide distribution. Original home of this spe-
cies is believed to be in the Himalaya. According to
Gates (1972), no other species of earthworm is
presently known to live in so many different kinds
of climate.
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Perionyx millardi Stephenson, 1915
(Figures 8A, B)

Perionyx millardi Stephenson, 1915: 74.
Perionyx igatpuriensis Stephenson, 1920: 220.

Material examined: 28 clitellates (ACESSD/
EW/1507), Atal Nagar-Naya Raipur, Raipur
District, Chhattisgarh (21.137545° N 81.781924°
E), from roadside in a built up area, 4 August
2022, A.K. Harit; 10 juveniles, 1 clitellate
(ACESSD/EW/1599), Abhanpur, Raipur District,
Chhattisgarh, cattle dung and nearby field, 19
September 2022, H. Sen.

Description: Small size. Length 49-116 mm,
width 2.5-3 mm, segments 149-247. Setae peri-
chaetine. Prostomium epilobic, tongue closed or
open. First dorsal pore in intersegmental furrow
4/5 or 5/6. Clitellum annular, in segments 13—17.
Spermathecal pores paired, in 7/8/9 (Fig. 8A),
near mid-ventral line, at b setal line. Male pores
near mid-ventral line (Fig. 8B) on small papillae.
Genital markings absent. Nephridiopores incons-

R

picuous, in a rather irregular longitudinal rank on
each side. Septa all present from 4/5. Gizzard
slightly developed in segment 6. Intestine begins
in segment 18 or 19. Last pair of hearts in seg-
ment 13. Holandric. Seminal vesicles in segment
11 and 12, those of 12 extend posterior to septum
13/14. Penial setac ornamented with 9 or 10
circles of fairly sized spines. Spermathecae
paired, in segments 8 and 9, each with an ental
diverticulum. Nephridia avesiculate.

Ingesta: Colloids of soil, small organic mate-
rials, plant parts, bark pieces etc.

Distribution: Chhattisgarh: Abhanpur, Atal
Nagar-Naya Raipur (new records); Karnataka,
Madhya Pradesh, Maharashtra, Odisha (Stephen-
son 1915, Gates 1951, Julka 1978, Mubeen &
Hatti 2018).

Remarks: Endemic to India. The dimension of
P. millardi specimens is updated based on the
present study and Stephenson (1923), length 40—
116 mm, width 2—4 mm, segments 103-247.

Figure 8. Perionyx millardi Stephenson, 1915: A = spermathecal pore region; B = male field. C = clitellum,
MP = male pore, SPP = spermathecal pore.
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Polypheretima elongata (Perrier, 1872)
(Figure 9)

Perichaeta elongata Perrier, 1872: 124.
Polypheretima elongata (Perrier): Easton 1979: 53.
For complete synonyms see Blakemore (2012).

Material examined: 2 clitellates, 1 juvenile
(ACESSD/EW/1597), Bhilai, Durg District,
Chhattisgarh, grass patch between road and
home, 14 September 2022, A.K. Harit, S.
Bhattacharya, A. Dutta. Description: Length 211
mm, width 4.5 mm, segments 221. Setae
perichaetine. Prostomium prolobous. First dorsal
pore in intersegmental furrow 12/13. Clitellum
annular, in segments 14-16, without setae and
dorsal pores. Spermathecal pores small, two pairs,
lateroventrally placed, in intersegmental furrows
5/6/7. Male pores inside copulatory pouches in
segment 18, porophores placed on large elevated
area (Fig. 9). Female pore single, mid-ventral in
segment 14, in a small circular depression. Ge-
nital markings present, simple, large smooth
discs, presetal, paired in segments 19-23. Septa
3/4-7/8 strongly thickened, 8/9/10 absent,
10/11/12/13  thin. Gizzard large, muscular,
spherical after septa 8/9; intestine begins in
segment 15; caeca absent. Last pair of hearts in
segment 13. Typhlosole simple. Holandric.
Seminal vesicles in segments 11-12. Sperma-
thecae large, in 5/6/7, 6 (3 lhs, 3 rhs) per segment;
ampulla large and ovoid, duct relatively short,
ectal diverticulum, simple, shorter than ampulla,
slightly bent, expanded entally. No accessory
glands. Prostate racemose, placed in segments
16-19, prostatic duct muscular, C-shaped.

Ingesta: Fine soil, organic materials, plant
parts etc.

Distribution: ~ Chhattisgarh: ~ Bhilai  (new
record); Andaman and Nicobar Islands, Andhra
Pradesh, Gujarat, Karnataka, Kerala, Madhya
Pradesh, Maharashtra, Meghalaya, Punjab, Rajas-
than, Tamil Nadu, Telangana, Tripura, Uttar Pra

Figure 9. Polypheretima elongata (Perrier, 1872): male field;
C = clitellum, GM = genital marking, MP = male pore.

desh, West Bengal (Stephenson 1923, 1924, Gates
1932, 1960, Chaudhuri & Bhattacharjee 1999,
Batish & Dhiman 2002, Kathireswari et al.
2005b, Halder et al. 2007, Verma et al. 2010,
Kumar et al. 2021).

Remarks: Exotic peregrine.
DISCUSSION

The taxonomic investigations on the earth-
worm fauna have not been carried compre-
hensively in majority of Indian states and union
territories (Narayanan et al. 2023a) and Chhat-
tisgarh was not an exception either. Before the
present study, only 10 species of earthworm were
reported from the Chhattisgarh state (Michaelsen
1907, Hasan et al. 2023). Current investigation
has documented 12 species from the state and this
has enriched the knowledge on the megadrile
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fauna of this central Indian state. Now, altogether
18 species of earthworms are known from Chhat-
tisgarh (Table 1). Species such as Drawida
limella Gates, 1934, Lennogaster chittagongensis
(Stephenson, 1917) and Octochaetona compta
(Gates, 1945) were found extended their distri-
bution to central India. Even though they have
been reported from the neighboring states, the
current range extension may be the result of lack
of previous thorough exploration at this region.
Most of the nearby states have more earthworm
species than the Chhattisgarh (Narayanan et al.
2023a). Here in the present study, all the

samplings were restricted to the zone of Chhat-
tisgarh Plain region and the rest of the zones are
to be sampled. The present finding is only a
preliminary one and further investigations would
reveal the presence of more species.
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Table 1. List of the earthworm species reported from Chhattisgarh state

Family/Species Status (Narayan Ecological References
et al. 2023q) category

Family Moniligastridae
1. Drawida calebi Gates, 1945 Endemic Endogeic Hasan et al. (2023), Present study
2. Drawida limella Gates, 1934 Subendemic Endogeic Present study
3. Drawida willsi Michaelsen, 1907 Endemic Anecic Michaelsen (1907)
Family Acanthodrilidae
4. Lennogaster chittagongensis (Stephenson, | Subendemic Endogeic Present study
1917
5. Oc)tochaetona beatrix (Beddard, 1902) Native peregrine Endogeic Present study
6. Octochaetona compta (Gates, 1945) Endemic Endogeic Present study
7. Octochaetona surensis (Michaelsen, 1910) Native peregrine Endogeic Hasan et al. (2023), Present study
8. Pellogaster bengalensis (Michaelsen, 1910) Subendemic Endogeic Present study
Family Benhamiidae
9. Dichogaster affinis (Michaelsen, 1890) Peregrine Epi- Present study

endogeic
Family Megascolecidae
10. Lampito mauritii Kinberg, 1867 Native peregrine Anecic Hasan et al. (2023), Present study
11. Metaphire houlleti (Perrier, 1872) Peregrine Anecic Hasan et al. (2023)
12. Metaphire planata (Gates, 1926) Peregrine Epi- Hasan et al. (2023)

endogeic
13. Perionyx excavatus Perrier, 1872 Native peregrine Epigeic Hasan et al. (2023), Present study
14. Perionyx millardi Stephenson, 1915 Endemic Epigeic Present study
15. Perionyx sansibaricus Michaelsen, 1891 Native peregrine Epigeic Hasan et al. (2023)
16. Polypheretima elongata (Perrier, 1872) Peregrine Endogeic? Present study
Family Eudrilidae
17. Eudrilus eugeniae (Kinberg, 1867) | Peregrine | Epigeic | Hasan ef al. (2023)
Family Lumbricidae
18. Eisenia fetida (Savigny, 1826) | Peregrine | Epigeic | Hasan et al. (2023)

198




Narayanan et al.: Contribution to the earthworm fauna of Chhattisgarh, India

REFERENCES

AHMED, S., JULKA, J.M. & KUMAR, H. (2020): Earth-
worms (Annelida: Clitellata: Megadrili) of Solan, a
constituent of Himalayan Biodiversity Hotspot,
India. Travaux du Muséum National d’Histoire
Naturelle “Grigore Antipa”, 63(1): 19-50.
https://doi.org/10.3897/travaux.63.e49099

AHMED, S., EMILIYAMMA, K.G., MARIMUTHU, N., &
JULKA, J.M. (2022): A new species of the genus
Tonoscolex Gates, 1933 (Clitellata: Megascole-
cidae) from India. Zootaxa, 5124(3): 375-382.
https://doi.org/10.11646/zootaxa.5124.3.6

AHMED, S., JULKA, J.M., BANERJEE, D. & MARI-
MUTHU, N. (2023a): A new species of the genus
Hoplochaetella Michaelsen 1900 (Clitellata: Octo-
chaetidae) from the Deccan Peninsula Biogeo-
graphic Zone, India. Zootaxa, 5346(2): 173-185.
https://doi.org/10.11646/zootaxa.5346.2.5

AHMED, S., JULKA, J.M., BANERIJEE, D. & MARIMU-
THU, N. (2023b): A new species of the genus
Eutyphoeus Michaelsen 1900 (Clitellata: Acantho-
drilidae) from the North-Eastern Biogeographic
Zone, India. Zootaxa, 5380(2): 167-172.
https://doi.org/10.11646/zootaxa.5380.2.4

BATISH, S.K. & DHIMAN, N. (2002): Some earthworm
species inhabiting Punjab. Zoos’ Print Journal,
17(3): 744.

BEDDARD, F.E. (1902): On two new earthworms of the
family Megascolecidae. Annals and Magazine of
Natural History, 9(7): 456-463.
https://doi.org/10.1080/00222930208678621

Biswas, S.K., RAY, G.C., MANDAL, C.K. & MISRA, A.
(2008): Record and abundance of earthworms at
Ballavpur Wildlife Sanctuary, Birbhum, West
Bengal. Records of the Zoological Survey of India,
108(3): 97-108.
https://doi.org/10.26515/rzsi/v108/i3/2008/159049

BLAKEMORE, R.J. (2012): Cosmopolitan earthworms —
an eco-taxonomic guide to the peregrine species of
the world 5" edition: 1-850, VermEcology
Solutions Yokohama Japan. pp. 850 + 350.

BROWN, G.G., JAMES, S.W., CsuzbI, C., LAPIED, E.,
DACAENS, T., REYNOLDS, J.W., MISIRLIOGLU, M.,
STOVANIC, M., TRAKIC, T., SEKULIC, J., PHILLIPS,
H. & CAMERON, E. (2023): A checklist of mega-
drile earthworm (Annelida: Clitellata) species and
subspecies of the world. Available from: Zenodo.
https://doi.org/10.5281/zenodo.7301848

CHAMPION, H.G. & SETH, S.K. (1968): A4 revised
survey of forest Types of India. Govt. of India
Press, New Delhi, 404 pp.

CHAUDHURI, P.S. & BHATTACHARJEE, G. (1999):
Earthworm resources of Tripura. Proceedings of
the National Academy of Sciences, India, 69(B):
159-170.

CHAUDHURI, P.S., NATH, S. & PALIWAL, R. (2008):
Earthworm population of rubber plantations (Hevea
brasiliensis) in Tripura. Tropical Ecology, 49(2):
225-234.

Csuzbi, C. (1996): Revision der Unterfamilie Benha-
miinae Michaelsen (1897) (Oligochaeta: Acantho-
drilidae). Mitteilungen aus dem Zoolgichen
Museum in Berlin, 72: 347-367.

https://doi.org/10.1002/mmnz.19960720219

Csuzpl, C. (2010): 4 monograph of the paleotropical
Benhamiinae earthworms (Annelida: Oliochaeta,
Acanthodrilidae). Pedozoologica Hungarica, No 6,
Hungarian Natural History Museum, Budapest, 215

pp.

Cul, W., GAO, P., ZHANG, M., WANG, L., SUN, H. &
Liut, C. (2022): Adverse effects of microplastics on
earthworms: a critical review. Science of the Total
Environment, 158041.
https://doi.org/10.1016/].scitotenv.2022.158041

DHIMAN, N. & BATTISH, S.K. (2006): Earthworms
from northern Indian states with Ocnerodrilus
occidentalis Eisen 1878 as a new report from
Punjab. Zoos' Print Journal, 21(1): 2135-2137.

EASTON, E.G. (1979): A revision of the 'acaecate'
earthworms of the Pheretima group (Megasco-
lecidae: Oligochaeta): Archipheretima, Metaphere-
tima, Planapheretima, Pleionogaster, Polypheretima.
Bulletin of the British Museum (Natural History)
Zoology, 35(1): 1-128.
https://doi.org/10.5962/bhl.part.20451

GATES, G.E. (1931): The earthworms of Burma. II.
Records of the Indian Museum, 33(2): 327-442.
https://doi.org/10.26515/rzsi/v33/i4/1931/162483

GATES, G.E. (1932): The earthworms of Burma. III.
The Megascolecinae. Records of the Indian
Museum, 34: 357-549.
https://doi.org/10.26515/rzsi/v34/i4/1932/162577

GATES, G.E. (1934): Notes on some earthworms from
the Indian Museum. Records of the Indian Museum,
36(3): 233-277.
https://doi.org/10.26515/1zsi/v36/i3/1934/162933

199


https://doi.org/10.3897/travaux.63.e49099
https://doi.org/10.11646/zootaxa.5124.3.6
https://doi.org/10.11646/zootaxa.5346.2.5
https://doi.org/10.11646/zootaxa.5380.2.4
https://doi.org/10.1080/00222930208678621
https://doi.org/10.26515/rzsi/v108/i3/2008/159049
https://doi.org/10.5281/zenodo.7301848
https://doi.org/10.1002/mmnz.19960720219
https://doi.org/10.1016/j.scitotenv.2022.158041
https://doi.org/10.5962/bhl.part.20451
https://doi.org/10.26515/rzsi/v33/i4/1931/162483
https://doi.org/10.26515/rzsi/v34/i4/1932/162577
https://doi.org/10.26515/rzsi/v36/i3/1934/162933

Narayanan et al.: Contribution to the earthworm fauna of Chhattisgarh, India

GATES, G.E. (1940): Indian earthworms VII Contri-
butions to a revision of the genus Eudichogaster.
Records of the Indian Museum, 41(2): 151-218.
[imprint 1939]
https://doi.org/10.26515/rzsi/v41/i2/1939/162232

GATES, G.E. (1944): Note on luminescence in some
Allahabad earthworms. Current Science, 13(5): 131-
132.

GATES, G.E. (1945a) On some Indian earthworms.
Proceedings of the Indian Academy of Science,
Section B, 21(4): 208-258.
https://doi.org/10.1007/BF03049816

GATES, G.E. (1945b): On some Indian earthworms II.
Journal of the Royal Asiatic Society Bengal, 11:
54-91.

GATES, G.E. (1951): Regeneration in an Indian
earthworm, Perionyx millardi Stephenson, 1915.
Proceedings of the Indian Academy of Sciences -
Section B, 34: 115-147.
https://doi.org/10.1007/BF03051456

GATES, G.E. (1960): On Burmese earthworms of the
family Megascolecidae. Bulletin of the Museum of
the Comparative Zoology at Harvard College,
123(6): 203-282.

GATES, G.E. (1962): Contributions to a revision of the
earthworm family Octochaetidae. I-1I. Annals and
Magazine of Natural History, 209-215
https://doi.org/10.1080/00222936208651237

GATES, G.E. (1972): Burmese earthworms an intro-
duction to the systematic and biology of the mega-
drile oligochaetes with special reference to south-
east Asia. Transactions of the American Philo-
sophical Society, 62(7): 1-326.
https://doi.org/10.2307/1006214

HARIT, A.K., KARTHIKEYAN, M., GAJALAKSHMI, S. &
ABBASI, S.A. (2014). Effect of storage on some
physical and chemical characteristics of vermicast.
Journal of Applied Horticulture, 16(2).

HALDER, K.R. & DHANI, S. (2005): Earthworms
(coastal districts). In: Fauna of Andhra Pradesh,
State Fauna Series 5, part 5 Invertebrates. Zoolo-
gical Survey of India Kolkata, pp. 275-306.

HALDER, K.R. & GHOSH, G.C. (1997): Annelida. In:
Fauna of Delhi, State Fauna Series 6. Zoological
Survey of India, Calcutta, pp. 135-139.

HALDER, K.R. (1999): Annelida: Oligochaeta: Earth-
worms. In: Fauna of West Bengal State, Fauna

200

Series 3, part 10. Zoological Survey of India Cal-
cutta, pp. 17-93.

HALDER, K.R., DHANI, S. & MANDAL, C.K. (2007):
On some earthworms present in unnamed col-
lections of Zoological Survey of India. Records of
the Zoological Survey of India, 107(3): 79-93.
https://doi.org/10.26515/rzsi/v107/i3/2007/159128

HASAN, M.N., AHMED, S., DEUTI, K. & MARIMUTHU,
N. (2023): Earthworm (Annelida: Clitellata) fauna
of Chhattisgarh, India. Journal of Threatened Taxa,
15(4): 23091-23100.
https://doi.org/10.11609/j0tt.8135.15.4.23091-
23100

ISFR (2021): Forest Survey of India (ministry of
Environmental Forest and Climate Change)
Dehradun 44-53. isfr-2019-vol-ii-chhattisgarh.pdf

(fsi.nic.in).

JIANG, X., CHANG, Y., ZHANG, T. Quao, Y.,
KLOBUCAR, G. & LI, M. (2020): Toxicological
effects of polystyrene microplastics on earthworm
(Eisenia fetida). Environmental Pollution, 259:
113896.
https://doi.org/10.1016/j.envpol.2019.113896

JING, L., NozHul, L., KAKATI, L.N. & THYUG, L.
(2022): Earthworm community structure and
population dynamics at Minkong forest of Moko-
kchung, Nagaland, India. Journal of Environmental
Biology, 43: 810-817.
http://doi.org/10.22438/jeb/43/6/MRN-3089

JULKA, J.M. (1976): Studies on the earthworm fauna of
Orissa (India) 1 Moniligastridae and Ocnerodrilidae
Mitteilungen aus dem Zoolgischen Museum in
Berlin, 52(2): 321-329.
https://doi.org/10.1002/mmnz.19760520206

JULKA, J.M. (1977): Contribution to the knowledge of
earthworm fauna (Oligochaeta: Annelida) of
Meghalaya. Newsletter — Zoological Survey of In-
dia, 3(6): 398—400.

JULKA, J.M. (1978): Studies on the earthworm fauna of
Orissa (India). 2. Megascolecidae, Octochaetidae
and Microchaetidae. Mitteilungen aus dem Zoolo-
gischen Museum in Berlin, 54(1): 185-199.

https://doi.org/10.1002/mmnz.19780540109

JULKA, J.M. (1988): The fauna of India and adjacent
countries Megadrile Oligochaeta (Earthworms)
Haplotaxida Lumbricina Megascolecoidea Octo-
chaetidae. Zoological Survey of India, Calcutta,
400 pp.



https://doi.org/10.26515/rzsi/v41/i2/1939/162232
https://doi.org/10.1007/BF03049816
https://doi.org/10.1007/BF03051456
https://doi.org/10.1080/00222936208651237
https://doi.org/10.2307/1006214
https://doi.org/10.26515/rzsi/v107/i3/2007/159128
https://doi.org/10.11609/jott.8135.15.4.23091-23100
https://doi.org/10.11609/jott.8135.15.4.23091-23100
https://fsi.nic.in/isfr19/vol2/isfr-2019-vol-ii-chhattisgarh.pdf
https://fsi.nic.in/isfr19/vol2/isfr-2019-vol-ii-chhattisgarh.pdf
https://doi.org/10.1016/j.envpol.2019.113896
http://doi.org/10.22438/jeb/43/6/MRN-3089
https://doi.org/10.1002/mmnz.19760520206
https://doi.org/10.1002/mmnz.19780540109

Narayanan et al.: Contribution to the earthworm fauna of Chhattisgarh, India

JULKA, JM. (1990): Annelida. In: Collection and
preservation of animals, (Director, Ed.). Zoological
Survey of India, Calcutta, pp. 57-64.

JULKA, J.M. (2006): Class: Oligochaeta. In: JEERATH,
PuJA N., & CHADHA, J. (Eds.) Biodiversity in the
Shivalik Ecosystem of Punjab, Daya Publishing
House, New Delhi, pp. 458—467.

JULKA, J.M. (2008): Know your earthworms. Found-
ation for Life Sciences & Business Management,
Solan, 51 pp.

JuLka, JM. & SENAPTI, B.K. (1987): Earthworms
(Oligochaeta: Annelida) of Orissa, India. Records
of the Zoological Survey of India, Occasional
Paper No.92, 1-49.

KATHIRESWARI, P., JULKA, JM. & REYNOLDS, JW
(2005a): Checklist of Oligochaeta of Tamil Nadu
India. Megadrilogica, 10(8): 57-68.

KATHIRESWARI, P., JEYARAAJ, R. & JEYRAAJ, A.
(2005b): Distribution and diversity of earthworm
resources in Kanjikode, Palakkad district, Kerala
state, India. Pollution Research, 24: 117-120.

KHAN, S.I. & RAMPAL, R.K. (2014): Diversity of epi-
geic earthworm species from Jammu district,
Jammu. Indian Journal of Applied Research, 4(3):
180-182.

KINBERG, J.G.H. (1867): Annulata nova. Ofversigt af
Koniglich Vetenskaps-Akademiens Forhandlingar
Stockholm, 23(9): 97-103, 337-357.

KUMAR, S., TRIPATHI, G. & MISHRA, G.V. (2021): A
comparative study on earthworm biodiversity &
species habitat-relationship of hilly and plain areas
of Sirohi District of Rajasthan, India. Applied
Ecology and Environmental Sciences, 9(4): 419-
439. https://doi.org/10.12691/aees-94-2

LALTRHANZARA, H., ZOTHANSANGA, C., LALCHHA-
NHIMA, M., KUMAR, N.S., NGUKIR, J., KIMSING, A.
& VABEIRYUREILAL, M. (2020): Diversity and new
records of earthworms in Arunachal Pradesh
Northeast India. Journal of Environmental Biology,
41: 874-883.
https://doi.org/10.22438/jeb/4(SI)/MS 1921

LONE, A.R., THAKUR, S.S., TIWARI, N., SOKEFUN,
0.B. & YADAV, S. (2021): DNA barcoding and
genetic variability of earthworms (Clitellata: Oligo-
chaeta) with new records from Mizoram India.
Organisms Diversity & Evolution, 21(4): 737-751.
https://doi.org/10.1007/s13127-021-00520-0

LONE, A.R., TIWARI, N., THAKUR, S.S., PEARLSON, O.,
PAVLICEK, T. & YADAV, S. (2020): Exploration of
four new Kanchuria sp of earthworms (Oligo-
chaeta: Megascolecidae) from the North Eastern
region of India using DNA bar-coding approach.
Journal of Asia-Pacific Biodiversity, 13 (2): 268-
281. https://doi.org/10.1016/j.japb.2020.02.004

LONE, A.R., THAKUR, S.S., TIWARI, P., JAMES, S.W. &
YADAV, S. (2022): Phylogenetic relationships in
earthworm Megascolex species (Oligochacta: Me-
gascolecidae) with addition of two new species.
Diversity, 14: 1006.
https://doi.org/10.3390/d14111006

MANDAL, C.K., DHANI, S., MITRA, S. & MISRA, A.
(2010): Annelida: earthworms. In: Fauna of Utta-
rakhand, State Fauna Series 18, part 3. Zoological
Survey of India, Kolkata, pp. 181-191.

MANDAL, C.K., DHANI, S. & MISHRA, A. (2011):
Earthworms. In: Fauna of Tamil Nadu State Fauna
Series 17, part 2, Zoological Survey of India,
Kolkata, pp. 101-108.
https://doi.org/10.11609/j0tt.2872.8.6.8938-8942

MANDAL, C.K., MITRA, S., & DHANI, S. (2013):
Annelida: earthworm. In: Fauna of Karnataka,
State Fauna Series 21. Zoological Survey of India,
Kolkata, pp. 33-38.

MICHAELSEN, W. (1890): Die Lumbriciden Nord-
deutschlands. Jahrbuch der hamburgischen wis-
senschaftlichen Anstalten, 7: 1— 19.

MICHAELSEN, W. (1907): Neue Oligochaten von
Vorder-Indien Ceylon Birma und den Andaman-
Inseln. Jahrbuch der Hamburgischen Wissenschaft-
lichen Anstalten, 24: 143—188.

MICHAELSEN, W. (1910): Die Oligochitenfauna der
Vorderindisch-Ceylonischen region. Abhandlungen
aus dem Gebiete der Naturwissenschaften, heraus-
gegeben vom Naturwissenschaftlichen Verein in
Hamburg, 19(5): 1-108.

MISIRLIOGLU, M., REYNOLDS, J.W., STOVANIC, M.,
TRAKIC, T., SEKULIC, J., JAMES, S.W., Csuzpl, C.,
DACAENS, T., LAPIED, E., PHILLIPS, H.R.P., CAME-
RON, E. & BROWN, G.G. (2023): Earthworms
(Clitellata, Megadrili) of the world: an updated
checklist of valid species and families, with notes
on their distribution. Zootaxa, 5255(1): 417-438.
https://doi.org/10.11646/zootaxa.5255.1.33

MUBEEN, H. & HATTL, S.S. (2018): Earthworms
diversity of Koppal district with the updated in

201


https://doi.org/10.12691/aees-94-2
https://doi.org/10.22438/jeb/4(SI)/MS_1921
https://doi.org/10.1007/s13127-021-00520-0
https://doi.org/10.1016/j.japb.2020.02.004
https://doi.org/10.3390/d14111006
https://doi.org/10.11609/jott.2872.8.6.8938-8942
https://doi.org/10.11646/zootaxa.5255.1.33

Narayanan et al.: Contribution to the earthworm fauna of Chhattisgarh, India

formation on genus Thatonia of Hyderbad — Kar-
nataka region, Karnataka, India. Journal of Asia-
Pacific Biodiversity, 11: 482—-493.
https://doi.org/10.1016/j.japb.2018.08.002

MUBEEN, H. & HATTI, S.S. (2022): Earthworms of
Hyderabad-Karnataka Province Karnataka India
with two new records. Proceedings of the National
Academy of Sciences, India, Section B Biological
Sciences, 92: 199-208.
https://doi.org/10.1007/s40011-021-01301-7

NAIDU, R., BHARAOS, A M.K. & QUADER, S. (2019):
Birds of Chhattisgarh, Bird Count India 2017-
2018. Report, Chhattisgarh State Biodiversity
Board, 146 pp.

NAIR, K.V., MANAZHY, J., MANAZHY, A. & REY-
NOLDS, J.W. (2007): Earthworm (Annelida: Oligo-
chaeta) fauna of Kerala, India: 1. some species
from Thiruvananthapuram corporation. Mega-
drilogica, 11(8): 85-90.

NARAYANAN, S.P., PALIWAL, R., KUMARL S., AHMED,
S., THOMAS, A.P. & JULKA, J.M. (2020): Annelida:
Oligochaeta. In: (Director, Ed.) Faunal Diversity of
Biogeographic Zones of India: Western Ghats, Zoo-
logical Survey of India, Kolkata, India, pp. 87-102

NARAYANAN, S.P., ANUJA, R., THOMAS, AP. &
JULKA, J.M. (2022) A new of Moniligaster Perrier
1872 (Annelida, Moniligastridae) from India with
status revision of M deshayesi minor Michaelsen
1913. Opuscula Zoologica Budapest, 53 (1): 31-50.
https://doi.org/10.18348/0pz001.2022.1.31

NARAYANAN, S.P., SATHRUMITHRA, S., ANUIJA, R,
CHRISTOPHER, G., THOMAS, A.P. & JULKA, J.M.
(2021): Three new species and four new species
records of earthworms of the genus Moniligaster
Perrier, 1872 (Clitellata: Moniligastridae) from
Kerala region of the Western Ghats Biodiversity
Hotspot, India. Zootaxa, 4949(2): 381-397.
https://doi.org/10.11646/zootaxa.4949.2.11

NARAYANAN, S.P., SATHRUMITHRA, S., CHRISTOPHER,
G. & JULKA, J.M. (2017): New species and new
records of earthworms of the genus Drawida from
Kerala part of the Western Ghats biodiversity
hotspot, India (Oligochaeta, Moniligastridae).
ZooKeys, 691: 1-18.
https://doi.org/10.3897/zookeys.691.13174

NARAYANAN, S.P., PALIWAL, R., KURIEN, V.T., THO-
MAS, A.P. & JULKA, JM. (2023a): Earthworms
(Clitellata: Moniligastrida, Crassiclitellata) of In-
dia: distribution and status Department of Printing

202

and Publishing Mahatma Gandhi
Kottayam, 378 pp.

University

NARAYANAN, S.P., KURIEN, V.T., ANuJA, R., HAs-
YAGAR, V., THOMAS, A.P., PALIWAL, R. & JULKA,
JM. (2023b): Earthworm (Clitellata, Megadrili)
fauna of Kuttanad wetland, southern part of
Vembanad-Kol Ramsar site, India. Opuscula Zoo-
logica Budapest, 54: 3-21.
https://doi.org/10.18348/0pz00l.2023.1.3

NESEMANN, H., SHARMA, G. & SINHA, R.K. (2004):
Aquatic Annelida (Polychaeta, Oligochaeta, Hiru-
dinea) of the Ganga River and adjacent water
bodies in Patna (India: Bihar), with description of a
new leech species (Family Salifidae). Annalen des
Naturhistorischen Museums in Wien, 105(B): 139-
187. https://www.jstor.org/stable/41767284

PERRIER, E. (1872): Recherches pour servir a ['histoire
des lombriciens terrestres. Nouveaux Archives du
Muséum National d'Histoire Naturelle, Paris, 8: 5—
198. https://doi.org/10.5962/bhl.title. 12201

RAJKHOWA, D.J., BHATTACHARYYA, P.N., SARMA,
AK. & MAHANTA, K. (2015): Diversity and
distribution of earthworms in different soil habitats
of Assam, North-East India, an Indo-Burma
biodiversity hotspot. Proceedings of National
Academy of Sciences, Section B, Biological Sci-
ences, 85(2): 389-396.
https://doi.org/10.1007/s40011-014-0380-1

RAMANUJAM, S.N., LALTHANZARA, H. & JHA, L.K.
(2004): Biodiversity of earthworms in Mizoram.
Journal of Nature Conservators, 16: 129—134.

SATHIANARAYANAN, A. & KHAN, A.B. (2006): Diversity
distribution and abundance of earthworms in Pon-
dicherry region. Tropical Ecology, 47(1): 139—-144.

SENTHIL, V. & SIVAKAMI, R. (2018): An analysis of the
biodiversity of earthworms in three locations
around Tiruchirappalli Tamil Nadu India. Interna-
tional Journal of Current Microbiology and
Applied Sciences, 7(9): 3195-3199.

SHARMA, R.K. & BHARDWAJ, P. (2014): Earthworm
diversity in Trans-Gangetic habitats of Haryana
India. International Journal of Agriculture and
Forestry Sciences, 2(2): 1-7.

SINHA, M.P., SRIVASTAVA, R. & GUPTA, D.K. (2013):
Earthworm biodiversity of Jharkhand: taxonomic
description. The Bioscan, 8(1): 293-310.

So00TA, T.D. & HALDER, K.R. (1981): On some earth-
worms from eastern Himalayas. Records of the


https://doi.org/10.1016/j.japb.2018.08.002
https://doi.org/10.1007/s40011-021-01301-7
https://doi.org/10.18348/opzool.2022.1.31
https://doi.org/10.11646/zootaxa.4949.2.11
https://doi.org/10.3897/zookeys.691.13174
https://doi.org/10.18348/opzool.2023.1.3
https://www.jstor.org/stable/41767284
https://doi.org/10.5962/bhl.title.12201
https://doi.org/10.1007/s40011-014-0380-1

Narayanan et al.: Contribution to the earthworm fauna of Chhattisgarh, India

Zoological Survey of India, 79(1-2): 231-234.
https://doi.org/10.26515/rzsi/v79/i1-2/1981/161768

SRIVASTAVA, R., KUMAR, M., CHOUDHARY, A.K. &
SINHA, M.P. (2003): Earthworm diversity in
Jharkhand state. Nature Environment and Pol-
lution, 2(3): 357-362.

STEPHENSON, J. (1915): On some Indian Oligochaeta,
mainly from Southern India and Ceylon. Memoirs
of the Indian Museum, 6: 35-108.

STEPHENSON, J. (1917): On a collection of Oligochaeta
from various parts of India and further India.
Records of the Indian Museum, 13: 353-416.
https://doi.org/10.26515/rzsi/v13/i6/1917/163594

STEPHENSON, J. (1920): On a collection of Oligochaeta
from lesser parts of known parts of India and
Eastern Persia. Memoirs of the Indian Museum
7(3): 191-261.

STEPHENSON, J. (1923): The Fauna of British India,
including Ceylon and Burma — Oligochaeta Taylor
and Francis London, 518 pp.

STEPHENSON, J. (1924): One some Indian Oligochaeta,
with a description of two new genera of
Ocnerodrilinae. Records of the Indian Museum,
26(4): 317-365.
https://doi.org/10.26515/rzs1/v26/i4/1924/162666

SUBEDI, H.P., SAXENA, R.M. & REYNOLDS, J.W.
(2018): New record of an earthworm in the family
Glossoscolecidae (Annelida: Oligochaeta) from
Sikkim India. Megadrilogica 23(2): 51-55.

TIWARI, N., LONE, A.R., THAKUR, S.S., JAMES, S.W.
& YADAV, S. (2021): Three uncharted earthworm
species of the genus Eutyphoeus (Oligochaeta:
Octochaetidae) from Mizoram India. Zootaxa, 5005
(1): 41-61.
https://doi.org/10.11646/zootaxa.5005.1.3

TIWARI, N., PALIWAL, R., RASHID, A. & YADAV, S.
(2020): Checklist of earthworm species (Oli-
gochaeta) of the North Eastern Region of India.
Zootaxa, 4772(2): 277-305.
https://doi.org/10.11646/zootaxa.4772.2.3

VERMA, D., BHARTI, S. & SHWETA, Y. (2010): Biodiver-
sity of earthworm resources in Gangetic Plain of Uttar
Pradesh. Tropical Natural History, 10(1): 53—60.

VISHWAKARMA, A. & YADAV, S. (2017): A contribute-
on to earthworm diversity of central India (Madhya
Pradesh). In: HORTON, C.G. (Ed.) Earthworms
types, roles and research. Nova Science Publishers,
New York, pp. 43-89.

203


https://doi.org/10.26515/rzsi/v79/i1-2/1981/161768
https://doi.org/10.26515/rzsi/v13/i6/1917/163594
https://doi.org/10.26515/rzsi/v26/i4/1924/162666
https://doi.org/10.11646/zootaxa.5005.1.3
https://doi.org/10.11646/zootaxa.4772.2.3



