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Abstr act

A survey of aquatic Oligochaeta was conducted at Thiruvallur, Chennai, Kanchipuram, Villupuram and Nilgiris
districts of Tamil Nadu from October 2015 to June 2016. Eleven taxa were recorded from atotal of 922 specimens
examined, eight of them were identified to species level. Five naidids identified during the present study:
Branchiodrilus semperi, Dero dorsalis, Dero digitata, Dero indica and Dero zeylanica, and six tubificid taxa
Branchiura sowerbyi, Tubificidae sp. 1, Tubificidae sp. 2, Tubificidae sp. 3, Limnodrilus hoffmeisteri and L.
udekemianus. Dero dorsalis constitute the first report for Kanchipuram district. A DNA barcode sequence
(GenBank accession no. MF125273) of the commercially important Limnodrilus hoffmeisteri, commonly known as
‘Tubifex worms' in Chennai, was obtained and compared with other published COI sequences from that
morphospecies from around the world.
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Introduction

Studies on aquatic Oligochaeta from Tamil Nadu are scanty (Srinivasan et al. 2016). DNA barcode sequences
of this group are absolutely lacking from this region, hence the objectives of thiswork areto 1) obtain aDNA
barcode sequence of the commercially important freshwater oligochaete Limnodrilus hoffmeisteri and 2) to
report on the diversity of aquatic Oligochaeta from some water bodies of Thiruvallur, Chennai, Kanchipuram,
Villuppuram and Nilgiris districts of Tamil Nadu.

Sudy area and sampling sites (Figure 1): To understand the diversity of freshwater oligochaetes in
Tamil Nadu, samples were collected at random from (1) Korattur Lake (13°07°2.89"N 80°10'40.47" E), (2)
Ambatur Lake (13°06'52.42"'N 80°08'25.68"" E), (3) Porur Lake (13°02'3.82" N 80°08'53.71" E) in
Thiruvallur district, (4) Adyar River near Kotturpuram (13°01'33.89"N 80°14' 32.06”E), (5) Velachery Lake
(12°59'13.2" N 80°13'8.65" E), (6) Kallikattu Lake (12°58'40.05" N 80°14'19.16" E), (7) Taramani Lake
(12°58'33.65" N 80°14'25.27" E) in Chennai district, (8) Kilkattalai Lake (12°57'28.15" N 80°11'26.15" E), (9)
Lakshmipuram Lake (12°55'14.65" N 80°08'6.32" E), (10) Sholinganalur Lake (12°53'24.16" N 80°13'36.87"
E), (11) Chengalpattu Lake (12°41'31.62" N 79°58'57.89" E) in Kanchipuram district, (12) Tindivanam Lake
(12014'6.07" N 79°38'52.13" E) in Villuppuram district and (13) Ooty canal (11°24'43.19" N 76°42'33.19" E)
in Nilgiri district. Specimens for DNA studies were obtained from aquarium shops in Kolathur, Chennai.
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FIGURE 1. Map of sampling sites.

M aterials and methods

Random sampling was done from October 2015 to June 2016, following the procedure of Srinivasan et al.
(2016). Oligochaetes collected and separated from various aquatic vegetation and sediment samples were
transferred into vials containing 10% formalin for preservation and storage. A few specimens collected from
aquarium shops were preserved in 90% ethanol for sequencing studies as specimens preserved in
formal dehyde cannot be used for sequencing (Haaren and Soors 2012). Live worms were examined under a
cover slip in adrop of water. Preserved worms were mounted in afew drops of glycerin as temporary mounts
for routine examination. A few permanent mounts were prepared using DMHF, also known as Hydantoin 739
or 5,5-Dimethylhydantoin Formaldehyde Resin. A phase contrast light microscope was used for examining
the taxonomic characters. Identification of oligochaetes was done according to Brinkhurst and Jamieson
(1971), Naidu (2005), Timm (2009) and Haaren and Soors (2012). Drawings were made using a compound
microscope with cameralucida. For molecular studies the posterior tail region of a mature specimen identified
as Limnodrilus hoffmeisteri was cut and preserved in 90% ethanol. Molecular analyses of the ethanol
preserved specimens were done at the Biozone Lab, Chennai, following a phenol chloroform protocol
Pachamuthu et al. 2000. The standard barcoding gene COIl was amplified with the primers COl—5
FORWARD GGTCAACAAATCATAAAGATATTGG ( 25) and COlI—5 REVERSE TAAACTTCAGGGTG
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ACCAAAAAATCA ( 26), using the following PCR-program: initial denaturation at 94°C for 3 min followed
with 32 cycles with 94°C for 1 min, 48°C for 1 min, and 72°C for 1 min 20 sec, and finishing with the final
extension at 72°C for 7 min. DNA sequence obtained for identifying the specimen was compared to the
database of known sequences in GenBank, using the Standard Nucleotide BLAST with default settings
(search performed 2018-08-24). Analysis of the phylogenetic tree of our sequences and the 60 closest
sequences from GenBank was estimated with Maximum Likelihood using MEGA 6 (Tamura et al. 2016).
Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Joining and BioNJ
algorithms to a matrix of pairwise distances estimated using the Maximum Composite Likelihood (MCL)
approach, and then selecting the topology with superior log likelihood value. The Tamura-Nei substitution
model with a Gamma distribution were used. Branch support was estimated using 100 Bootstrap replicates.
Thetreeis drawn to scale, with branch lengths measured in the number of substitutions per site.

Results

Intotal 11 taxawere recorded from atotal of 922 specimens examined. Out of the 11 taxa, 8 were identified to
species level and three to family level. Dero dorsalis constitutes the first report for Kanchipuram district. The
systematic account of the taxaidentified is given below:

Systematic account with taxonomic observations of the specimens examined

Family Naididae
Branchiodrilus semperi (Bour ne, 1890)

Specimen examined: Chengalpattu Lake (Kanchipuram), 24.4.2016 (1 specimen).

Taxonomic observations: Length: about 4 mm. Worms brownish. Gills finger-like, dorso-lateral, two per
segment starting from V1. Dorsal chaetae from V1. Hair chaetae smooth. Simple-pointed needle chaetae with
a peculiar bayonet- shaped distal curve without nodulus (Figure 2A). Ventral chaetae 1-3 per bundle with
distal tooth longer and thinner than proximal (Figure 2B). Posterior segments lacking gills from X X.

Remarks:. Finger-like gills on the anterior part of the body and dark brown patch in the anterior segments
were the most prominent character pointing towards B. semperi, which was originally described from Chennai
(Madras) by Bourne (1890). However, it should be noted that Martin et al. (2018) concluded that the
morphological characters used to separate the species in Branchiodrilus are not reliable, and that the number
of species are much higher than previously believed. As our record is collected relatively close to the type
locality it is possible that it represents the true B. semperi.

Dero dorsalis Ferroniére, 1899

Specimens examined: Lakshmipuram Lake (Kanchipuram), 5.01.2016 (3 specimens) and 07.05.16 (10
specimens); Chengal pattu Lake (Kanchipuram), 24.4.2016 (3 specimens).

Taxonomic observations. Length 8-10 mm. Dorsal chaetae begin from IV with 1 hair and 1 needle. Hair
chaetae about 250 to 350 um long (Figure 2C). Needle chaetae bifid and bayonet-shaped, with distal tooth
longer and thinner than proximal. Distal tooth longer and thinner than proximal also in the ventral chaetae
(Figure 2D). Five pairs of gills observed in the branchial fossa.

Remarks: First report for Kanchipuram district.

Dero digitata (M Uller, 1773)

Specimens examined: Porur Lake (Thiruvallur), 5.2.2016 (24 specimens).
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FIGURE 2. Branchiodrilus semperi: A) needle chaeta, B) ventral chaetae. Dero dorsalis: C) hair chaetae, D) ventral chaetae.
Dero digitata: E) needle chaetae, F) ventral chaetae. Dero indica: G) needle chaetae, H) ventral chaetae. Dero zeylanica: 1)
needle chaetae, J) ventral chaetae Branchiura sowerbyi: K) Bifid chaetae, L) pectinate chaetae, M) Simple-pointed ventral
chaetae. Tubificidae sp. 1: N) hair chaetae, O) dorsal needle chaetae. Tubificidae sp. 2 (Illydrilus templetoni?): P) dorsal
chaetae, Q) ventral chaetae. Tubificidae sp. 3: R) dorsal chaetae, S) ventral chaetae. Limnodrilus hoffmeisteri: T) dorsal
chaetae, U) ventral chaetae, V) penis sheaths. Limnodrilus udekemianus: W) dorsal chaetae, X) anterior ventral chaetae.

Taxonomic observations: Length 5 to 8 mm. Worms red in colour. Dorsal chaetae from VI, ventral
chaetae from I1. The dorsal bundles consist of 1 hair and 1 needle chaeta. Needle chaeta are bifid, sickle-
shaped with distal nodulus (Figure 2E). Distal tooth of the needle chaetaiis dightly thinner and longer than the
proximal (Figure 2E). Ventral bundlesin I1-V consist of 4 long, thin and slightly curved chaeta per bundle
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with upper tooth longer than the lower (Figure 2F). In other segments 3—4 ventral chaetae per bundle, with
upper tooth almost equal to lower. Four pairs of gillsin the branchial fossa.

Dero indica Naidu, 1962

Specimens examined: Porur Lake (Thiruvallur),5.2.2016 (42 specimens), Lakshmipuram Lake
(Kanchipuram), 7.5.2016 (12 specimens).

Taxonomic observations: Length 5 to 8 mm. Worms red in colour. Dorsal chaetae from VI. Dorsa
bundles with 2 hair and 2 needle chaetae. Needle chageta bifid, sickle-shaped with distal nodulus. Distal tooth
of the needle chaeta slightly thinner and longer than the proximal (Figure 2G). Ventral bundles from 11-V
consist of 4 long, thin and slightly curved chaeta per bundle with upper tooth longer than the lower (Figure
2H). In other segments 3—4 ventral chaetae per bundle, with upper tooth almost equal to lower. Four pairs of
gills observed in the branchial fossa.

Dero zeylanica Sephenson, 1913

Specimens examined: Porur Lake (Thiruvallur) on 5.2.2016 (10 specimens), Ambatur Lake (Thiruvallur) on
15.4.2016 (6 specimens), Chengalpattu L ake (Kanchipuram) on 20.4.2016 (9 specimens).

Taxonomic observations: Length 5-6 mm. Dorsal chaetae begin in VI, each bundle with 3 hair and 3
needle chaetae. Needle chaeta bifid, sickle-shaped with distal tooth longer than proximal (Figure 21). Ventral
chaetae in |1-V 4-6 per bundle, longer and thinner, distal teeth twice aslong as proximal (Figure 2J). In other
segments ventral chaetae with almost equal teeth. Four pairs of gills observed in the branchial fossa.

Remarks: Dero digitata, D. indica and D. zeylanica differ in the number of dorsal chaetae. Further
molecular studies are needed to distinguish them.

Family Tubificidae
Branchiura sowerbyi Beddard, 1892

Specimens examined: Lakshmipuram Lake, (Kanchipuram) on 16.12.2015 (7 specimens), Chengal pattu lake
(Kanchipuram) on 24.04.2016 (2 specimens), Lakshmipuram Lake (Kanchipuram) on 07.05.2016 (15
specimens).

Taxonomic observations. Worms very large, about 90—-120 mm long. Dorsal chaetae begin from 1l with
1-3 hairs and 2-8 needles. Needles bifid (Figure 2K). Bifid dorsal chaetae present (Figure 2L). Single-pointed
ventral chaeta present (Figure 2M). One pair of gills per segment were observed in the posterior third of the
body.

Tubificidae sp. 1

Specimens examined: Chengalpattu Lake (Kanchipuram) on 17.4.2016 (9 specimens).

Length about 12 to 16 mm. Prostomium conical. Dorsal chaeta bundles from |1 with 1-4 hair and 56
bifid needle chaetae. Hair chaetae bayonet shaped (Figure 2N). Dorsal and ventral crotchets with distal teeth
almost equal to the proximal (Figure 20). Tail region unsegmented.

Tubificidae sp. 2
Specimens examined: Ooty canal (Nilgiris) on 1.06.2016 (3 specimens).

Taxonomic observations: Length 11 to 13 mm. Segments 50 to 60. Dorsal crotchets bifid with about
equal teeth (Figure 2P). Hair chaetae present. Anterior ventral chaetae 46 per bundle, with distal tooth much
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longer than proximal (Figure 2Q). In segments X—XI1 structures like egg sacs visible. Normal ventral chaetal
bundles present in X. Well-developed, short clitellum in X1. No ventral chaetae visiblein X1. No penis sheaths
were observed but expanded (dorsal?) blood vessel in XII.

Remarks. These characters are insufficient to identify these specimens further, as no penis sheaths were
observed, the identification remains with a question mark.

Tubificidae sp. 3

Specimen examined: Ooty canal, (Nilgiris) 01.06.2016 (1 specimen).

Taxanomic observations. Length about 12 mm, segments about 43. Prostomium slightly protruded.
Dorsal chaetae with 2 to 3 hair and 2 to 3 bifid crotchets with ailmost equal teeth (Figure 2R). Ventral chaetae
2—4 per bundle, with distal tooth longer than proximal (Figure 2S).

Remarks: The specimen seems to be a tubificid: very probably belonging to the subfamily Tubificinae
(which includes genera and species with hair and pectinate chaetae such as Tubifex, llyodrilus, Potamothrix).

LN999327.1 Limnodrilus hoffmeisteri
LT903793.1 Limnodrilus hoffmeisteri
KY369526.1 Limnodrilus hoffmeisteri X CE3124
LN999288.1 Limnodrilus hoffmeisteri
KY369545.1 Limnodrilus hoffmeisteri X CE4674
KY369592.1 Limnodrilus hoffmeisteri X CE9773
KY369484.1 Limnodrilus hoffmeisteri X CE1990
KY369486.1 Limnodrilus hoffmeisteri X CE1992
KY369542.1 Limnodrilus hoffmeisteri X CE3932
KY369541.1 Limnodrilus hoffmeisteri X CE3931
85/1.T899869.1 Limnodrilus hoffmeisteri
LT905376.1 Limnodrilus hoffmeisteri
LT905374 .1 Limnodrilus hoffmeisteri
LT905373.1 Limnodrilus hoffmeisteri
LT903816.1 Limnodrilus hoffmeisteri
KY369544.1 Limnodrilus hoffmeisteri X CE4673
KY369509.1 Limnodrilus hoffmeisteri X CE2886
LN999175.1 Limnodrilus hoffmeisteri
LT899877.1 Limnodrilus hoffmeisteri
KY369616.1 Limnodrilus hoffmeisteri X CE14185
KY369566.1 Limnodrilus hoffmeisteri X CE6581
KY369591.1 Limnodrilus hoffmeisteri X CE9019
LT899885.1 Limnodrilus hoffmeisteri
LN999279.1 Limnodrilus hoffmeisteri
LT905378.1 Limnodrilus hoffmeisteri
KY369568.1 Limnodrilus hoffmeisteri X CE7157
LN810413.1 Limnodrilus hoffmeisteri
LN999345.1 Limnodrilus hoffmeisteri
LN999314.1 Limnodrilus hoffmeisteri
LT905369.1 Limnodrilus hoffmeisteri

LN999067.1 Limnodrilus hoffmeisteri
LN999355.1 Limnodrilus hoffmeisteri
LN810412.1 Limnodrilus hoffmeisteri
LN999280.1 Limnodrilus hoffmeisteri
KY369635.1 Limnodrilus hoffmeisteri X CE22883
LN810410.1 Limnodrilus hoffmeisteri

—— LT899883.1 Limnodrilus hoffmeisteri

LT905399.1 Limnodrilus hoffmeisteri
KY369664.1 Limnodrilus hoffmeisteri X CNAS4

[ 99, KY369485.1 Limnodrilus hoffmeisteri X CE1991
—— 1KY369560.1 Limnodrilus hoffmeisteri X CE5863

KY369561.1 Limnodrilus hoffmeisteri X CE6575

\KY369594.1 Limnodrilus hoffmeisteri X CE10613

1 KY369597.1 Limnodrilus hoffmeisteri X CE10616
KY369596.1 Limnodrilus hoffmeisteri X CE10615

KY369563.1 Limnodrilus hoffmeisteri X CE6577

KY369618.1 Limnodrilus hoffmeisteri X CE14191

LN810414.1 Limnodrilus hoffmeisteri

- LN999376.1 Limnodrilus hoffmeisteri

LT598635.1 Limnodrilus hoffmeisteri

MF125273.1 Limnodrilus hoffmeisteri

LN810398.1 Limnodrilus hoffmeisteri

LN999204.1 Limnodrilus hoffmeisteri

KY369660.1 Limnodrilus hoffmeisteri VIl CE22914

KY369649.1 Limnodrilus hoffmeisteri VIl CE22900

99| KY369593.1 Limnodrilus hoffmeisteri VII CE9827

KY369648.1 Limnodrilus hoffmeisteri VIl CE22899

9
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KY369654.1 Limnodrilus hoffmeisteri VIl CE22906
KY369549.1 Limnodrilus hoffmeisteri VI CE5198
{[7 EU311397.1 Limnodrilus hoffmeisteri voucher Lh2

LN999354.1 Limnodrilus hoffmeisteri

—
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FIGURE 3. Phylogenetic Tree estimated using Maximum Likelihood. The percentage of trees in which the associated taxa
clustered together is shown next to the branches.

Limnodrilus hoffmeisteri Clapar éde, 1862

Specimens examined: Lakshmipuram Lake (Kanchipuram) on 5.1.2016. (18 specimens), 10.1.2016 (12
specimens), Kallikattu Lake (Chennai) on 7.4.2017 (40 specimens), Kallikattu lake (Chennai) on 11.4.2016
(75 specimens), 13.4.2016 (63 specimens), Korattur Lake (Thiruvallur) on 26.4.2016 (2 specimens),
Kilkattalai Lake (Kanchipuram) on 1.5.2016 (1 specimen). Ooty cana (Nilgiris) on 1.6.2016 (17 specimens),
aquaria (Chennai) on 6.11. 2015 (500 specimens), Ootycanal (Nilgiris) on 1.06.2016(1specimen).
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Taxonomic observations: Length about 12—35 mm. Chloragogen beginning from V. Dorsal (Figure 2T)
and ventral (Figure 2U) crotchets similar, with about equal teeth. Ventral chaetae absent in X1. Penial sheaths
11-12 times longer than proximal width, curved distally. The penial sheaths (Figure 2V) of the specimen
collected from Ooty canal showed dlight variation from that of the specimen collected from Chennai.

Results of barcoding / molecular studies: A DNA barcode sequence, 670 bp long (GenBank accession
no. MF125273) was obtained from one Limnodrilus hoffmeisteri. The sequence was compared to the 60 best
matching sequences in GenBank. The tree with the highest log likelihood (—1959.4745) is shown (Figure 3).
The closest matches with our sequences, on GenBank, correspond with lineages VIl and X of the L.
hoffmeisteri complex sensu Liu et al. 2017, but our sequence does not fit directly in any of these two lineages.

Limnodrilus udekemianus Clapar éde, 1862

Specimens examined: Ooty canal (Nilgiris) on 1.6.2016 (4 specimens).

Taxonomic observations: Worms long, about 35-47 mm. Both dorsal (Figure 2W) and ventral (Figure
2X) crotchets similar. Anterior crotchets 3-8 per bundle with distal tooth thicker, much longer than proximal
and curved. Crotchets in the posterior segments with teeth amost equal .

Remarks: This species differ from L. hoffmeisteri in having a long curved distal tooth in the anterior
chaetae and in general the worms were much larger than L. hoffmeisteri and the chloragogen began on the
intestine.

Discussion

Thirteen species of aquatic Oligochaeta are known from Chennai, 4 from Thiruvallur, 4 from Kanchipuram, 7
from Villuppuram and 15 from Nilgiris districts of Tamil Nadu. About 34 species of aquatic Oligochaeta have
been reported from Tamil Nadu by Srinivasan et al. 2016. Out of the 5 naidids reported in the present study
Dero dorsalis constitute the first report for Kanchipuram district. Hence, the present paper adds one speciesto
Kanchipuram district.

Out of the 6 Tubificids reported in the present study, Branchiura sowerbyi and Limnodrilus hoffmeisteri
are cosmopolitan in distribution. In Tubificidae sp. 1 the hair chaetae are like most Aulodrilus sp. Three
species belonging to the genus Aulodrilus have been described from the Indian sub-continent by Naidu
(2005). It is not excluded that this can be an undescribed species of Aulodrilus. In the specimen identified as
Tubificidae sp. 2, the morphological characters do not contradict (but are insufficient for identification) asthe
widdly distributed Tubifex tubifex, or some closely related species since no penis sheaths were observed. The
species identified as Tubificidae sp. 2 needs further examination by collecting more such mature specimen
with well-devel oped reproductive system. Limnodrilus udekemianus collected from Ooty canal was first
reported in India by Naveed (2012). This species has longer proximal teeth in the crotchets when compared to
L. hoffmeisteri.

Ragi and Jaya (2014) reported that Dero sp. were the most abundant in their study from Kerala, (South
India) and asimilar situation was also observed during the present survey in most of the district of Tamil Nadu
except the cold region of Nilgiri district where tubificid worms were more common.

A DNA barcode sequence (mitochondrial COI (Cytochrome ¢ Oxydase 1)) obtained from a mature
specimen of Limnodrilus hoffmeisteri is closest to lineage V11 and X of the L. hoffmeisteri complex sensu Liu
et al. (2017). However, it is not a direct match to any of these two lineages and it is possible that it is an
additional lineage within the complex that deserves to be treated as a separate species. To further test this
more data is needed.

There are also several cryptic species known in Branchiodrilus (Martin et al. 2018) and Dero (Erseus et
al. 2017) and molecular studies are needed to confirm the identifications of the speciesin these genera. The
three Dero species Dero digitata, D. indica and D. zeylanica differ mainly in the number of dorsal chaeta, and
molecular studies are needed to test if these differences are stable between species, or if it varies within
species, blurring the lines between these species.

Though the present work is a humble attempt to explore the biodiversity of aquatic Oligochaeta from
Thiruvallur, Chennai, Kanchipuram, Villupuram and Nilgiris it gives some idea about the composition of this
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group in the areas studied and suggests that more undescribed aguatic oligochaetes exist in Ooty and this area
needsto be surveyed to discover many new species. Thiswork isahumble beginning in the field of molecular
taxonomy of aquatic oligochaetes from India and a lot of questions are yet to be understood. Though the
present work is a preliminary attempt, it provides a DNA barcode sequence of the commercially important
Limnodrilus hoffmeisteri commonly called as ‘ Tubifex worms' and provides sufficient support to the
morphological identification of this species.
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