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Short Communication

Abstract

This study reports the range extension of the marine nemertean,
Halimanemertes slacksmithae, Gibson, 1990, to Indian waters, from its
type locality at Island, Albany, Australia, in the Indian Ocean to the rocky
intertidal shores of Muttom, Kanyakumari, Tamil Nadu. Species
identification was based on external body colouration and patterns, in
conjunction with multilocus DNA analysis. In addition, the ultrastructure
of the stylet apparatus is described and illustrated. Morphological and
ecological characteristics of this hoplonemertean species are provided.
This represents the second record of H. slacksmithae, with DNA
barcoding carried out using mitochondrial cox1 and nuclear H3 loci. The
genetic sequences obtained have been submitted to the GenBank
database.
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Introduction

Members of the phylum Nemertea are elongated, unsegmented,
and highly contractile invertebrates with soft bodies, ranging
in length from a few millimetres to 30 meters (Mclntosh,
1873; Turbeville, 2002; Sundberg and Strand, 2010). Although
predominantly marine, 13 species have been recorded
from terrestrial habitats and 22 species from freshwater
environments (Ruppert and Barnes, 1994). Nemertea comprises
approximately 1,300 valid species classified within 250
genera (Kajihara et al, 2008; Gibson, 1995). Most nemertean
species occur in European seas and in the northeastern
and southern Asian seas (Herrera-Bachiller et al, 2015;
Chernyshey, 2016). The majority are predators, preying on
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small crustaceans, polychaetes, and molluscs. Forty species
have been reported as symbionts or commensals on marine
invertebrates; however, the nature of these associations
remains unclear, being variously classified as commensalism,
parasitism, or specialised egg predation (Berg and Gibson,
1996; Jensen, 2005).

A major diagnostic feature for nemertean species is the
morphology of the mouth, proboscis, and stylets. Nemerteans
possess an eversible proboscis, an elongate, tubular structure
housed within a dorsal chamber called the rhynchocoel (Coe,
1901; Yamaoka, 1940; Gibson, 1970). The proboscis is divided
into three distinct regions: (1) a relatively long anterior region;
(2) a relatively short middle region; and (3) a posterior region
of intermediate size. Within the middle region, the stylet bulb,
which conceals the central and auxiliary stylets, is housed
at its posterior and anterior parts, respectively. During prey
capture, the proboscis is everted and the concealed central
stylet is employed to inflict a wound, through which paralytic
neurotoxins are injected (Kern, 1973). Reserve stylet sacs
produce new stylets in case the central stylet is damaged
or lost (Hyman, 1951).

Baseodiscus hemprichi (originally Eupolia hemprichi
Ehrenberg, 1831) was the first nemertean described from
India (Shrinivaasu et al, 2011). More recently, a new species
of the same genus, Tetrastemma freyae, was discovered from
Kaneohe Bay, Oahu, Hawaii, and Kovalam Beach, Chennai,
Tamil Nadu (Chernyshev et al, 2020). To date, only eight
species have been reported from the Indian seas (Kalita
and Goswami, 2006; Shrinivaasu et al, 2015; Chernyshev
et al, 2020).
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In this study, we document the presence of Halimanemertes
slacksmithae Gibson, 1990, a hoplonemertean of the family
Emplectonematidae, in Indian waters for the first time.
Previously, this species was known solely from its type locality
in Western Australia. Species identification was confirmed
based on distinct external morphological characteristics. A
detailed image of the stylet ultrastructure is presented, and
multilocus DNA barcoding using mitochondrial (cox1) and
nuclear (H3) gene regions further supports the identification.
The genetic sequences have been submitted to the NCBI
GenBank database.

Material and methods

Two hundred monostiliferan worms were collected by
extracting them from the marine algae, Ulva lactuca and
Dictyota spp. The algae were initially placed in a clean tide
pool of seawater for 15 minutes. Lack of hiding places forces
the worms out due to temperature differences. The worms
were then carefully picked up using tweezers. Collections were
made from the intertidal region on or within the algaebeds
along the Kanyakumari coast at Muttom rocky beach (8° 07’
26.1"N, 77° 18" 48.8" E), Tamil Nadu, India (Fig. 1), between
October 2018 and June 2020. Samples were separated,
identified with standard keys (Gibson, 1990), measured for
length, and maintained in petri dishes containing filtered
(mesh size 0.22 um) and sterilised seawater.

A subset of worms was anaesthetised and relaxed in 7.5%
MgCl, for imaging, while other specimens were preserved
in 95% ethanol for DNA extraction and voucher preparation.
The proboscis was everted by gently applying pressure to
the body, then removed and visualised using a Leica M165 FC
stereo microscope equipped with a Leica DFC310 FX camera.
The stylet was examined by placing the proboscis under a
cover slip and imaging it with a Leica DM2000 LED upright

Tamil Nadu

Muttom coast

Fig. 1. Sampling site showing the collection location (Muttom Coast,
Kanyakumari, India)
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microscope fitted with a Leica MC120HD camera. The stylet
was carefully dissected from the proboscis, rinsed repeatedly
in sterile seawater and distilled water, and air-dried for
several hours. It was subsequently mounted on an alumina
stub with double-sided carbon tape. Because the sample is
nonconductive, it was coated with 10-15 nm of gold-palladium
using a portable DC sputter coater, then imaged with a Carl
Zeiss Supra 55 FESEM. The FESEM was operated at an extra
high-tension voltage of 2.00 kV, with a working distance of
7.0 mm and SE2 detector signal, at a magnification of 1.20Kx.
The vacuum was maintained at 2.5x10° mbar during imaging.

Total genomic DNA was extracted using the OMEGA BIO-
TEK E.Z.N.A. Blood and Tissue DNA Kit according to the
manufacturer's instructions. Fragments of the cytochrome
oxidase subunit | (cox1) and histone H3 genes were amplified
using primers LCO1490 and HC0O2198 for cox1 (Folmer et al,
1994) and H3AF and H3AR for H3 (Colgan et al, 1998). For the
coxl gene, PCR conditions were as follows: initial denaturation
at 95 °C for 10 minutes; 35 cycles of 1 minute at 95 °C, 45
seconds at 54 °C, and 1 minute at 72 °C; with a final elongation
at 72 °C for 10 minutes. For H3, PCR conditions were 5 minutes
at 94 °C; 35 cycles of 40 seconds at 94 °C, 40 seconds at
56 °C, and 1 minute at 72 °C; followed by a final elongation
at 72 °C for 10 minutes.

The PCR products were purified using a PCR purification kit and
sequenced with an ABI Prism 3730 Genetic Analyser employing
BigDye Terminator Chemistry. Sequence chromatograms were
edited and assembled into contigs using BioEdit (Hall,1999).
The resulting sequences were compared with published
sequences of various Emplectonematidae species available
in GenBank. Sequences were aligned using MUSCLE as
implemented in MEGA 7.0 (Kumar et al, 2016), and pairwise
genetic distances for cox1 were calculated using the Kimura
2-parameter model (Kimura, 1980). Both cox1 and H3 sequences
of H. slacksmithae were submitted to GenBank (accession
numbers: MT828541, MT840338). Voucher specimens (No. ZSI/
MBRC/NE-357 and No. ZSI-MBRC/NE-361) were deposited in
the National Zoological Collection of the Marine Biological
Regional Centre, Zoological Survey of India, Chennai, India.

MT828541.1_Halimanemertes_slacksmithae
MN205524.1_Nemertovema_norenburgi
MN205515.1_Galathenemertes_giribeti
KF935539.1_Tetrastemma_vittigerum
AJ436903.1_Emplectonema_gracile
KU197599.1_Emplectonema_sp._1
MK047680.1_Nemertopsis_bivittata
AJ436902.1_Emplectonema_buergeri

Fig. 2. Phylogenetic tree of selected nemertean species constructed using
ClustalW multiple sequence alignment and maximum likelihood method.
Bootstrap support values are shown at the nodes.
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The nucleotide sequences of nemertean species were
retrieved from GenBank (NCBI). All sequences were first
checked for quality and trimmed wherever necessary. Multiple
sequence alignment was performed using ClustalW with
default parameters to align conserved regions across the
selected taxa. The aligned dataset was then used to generate
a phylogenetic tree using the maximum likelihood method
in MEGA X. The resulting tree was visualised and annotated
to display species names and bootstrap support values, as
shown in Fig. 2.

Results and discussion

Systematics

Phylum: Nemertea Schultze, 1851

Class: Hoplonemertea Hubrecht, 1879

Family: Emplectonematidae Birger, 1904

Species: Halimanemertes slacksmithae Gibson, 1990

Materials examined

Voucher materials: Voucher No. ZSI/MBRC/NE-357 and
Voucher No. ZSI-MBRC/NE-361, collected from Muttom Beach,
Kanyakumari coast, India (8° 07' 261" N, 77°18' 48.8" E) on 4
October 2018. Specimens were obtained from rocky shores
in the intertidal region on marine algae (Ulva lactuca and
Dictyota spp.). Approximately 200 specimens were observed,
collected, and examined between October 2018 and July 2020.

Description

External morphology: In live condition, worms measured
between 30 and 80 mm in length and were less than 0.75
mm in width, with a consistent width along the body. The
anterior end terminated in a blunt head and the posterior end
in a blunt, rounded tail (Fig. 3A). The head was distinguished
from the body by a transverse furrow. The body colour was
yellow. A pair of large ocelli (eye spots) with 8-10 smaller
ocelli was observed in the head region (Fig. 3B); in some
specimens, several small ocelli were also present (Fig. 3C).
The proboscis and cerebral glands were visible through the
translucent body wall, with the cerebral glands immediately
beneath the ocelli.

Internal morphology: The proboscis is a remarkably flexible
structure that extends to about 0.4 times the total body length
(Fig. 3C). Microscopic examination of the proboscis revealed
the arrangement of stylets: one central stylet (total length:
149 pum; base length: 64 um; needle length: 84.9 um; needle
tip width: 750 nm; base width: 30 um) accompanied by two
lateral stylet sacs as in Fig. 3D. The ultrastructure of stylet
base is shown in Fig. 3E. The right stylet sac contained four
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Fig. 3. H. slacksmithae Gibson, 1990. (A) Dorsal view of the entire worm with
everted proboscis, (B) the dorsal view of the head, (C) lateral view of the
whole worm with everted proboscis, (D) stylet along with accessory stylets,
(E) ultrastructure of stylet base, (F) small aggregates forming the stylet base.
pr-proboscis; es-eyespots; cg-cerebral ganglia; cs-central stylet; ss-secondary
stylets

stylets, while the left contained three. The needle base appears
rigid and consists of an aggregation of several small, round,
unidentified connected structures (Fig. 3F).

Remarks

This is the first record of H. slacksmithae Gibson, 1990 from
India. This record extends the distribution range of the species
from Australian (Indian Ocean) waters to the Indian marine
waters. During field collection, the sting from the worm, less
painful than an ant bite, caused mild, transient inflammation,
which was noted on two occasions. Juveniles appeared to
be particularly aggressive.

Genetic distance

A partial cox1 gene sequence (603 bp) obtained from this
species contained 133 parsimony-informative sites. The
phylogenetic tree of the selected species, constructed
using ClustalW multiple sequence alignment and the
maximum likelihood method, is shown in Fig. 2. The tree
shows evolutionary relationships among H. slacksmithae,
Nemertovema norenburgi, Galathenemertes giribeti,
Tetrastemma vittigerum, Emplectonema gracile,
Emplectonema sp, Nemertopsis bivittata,and Emplectonema
buergeri. Bootstrap support values are shown at the nodes
(Fig. 2). The calculated p-distance between H. slacksmithae
and other closely related genera (e.g., Emplectonema and
Nemertopsis within Emplectonematidae) ranged from
18-20% (Table 1).
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Table 1. Pairwise genetic distance calculated using COI sequences of Halimanemertes
slacksmithae Gibson, 1990 and the closely related genera

Species name

MT828541
Halimanemertes  slacksmithae 0.00
Gibson, 1990
AJ436903
) 0.224
Emplectonema gracile
KU197599
02 0192
Emplectonema sp.
AJ436902
) 0.216 0193 0159
Emplectonema buergeri
MK047680
o 0.203 0218 0188 0195
Nemertopsis bivittata
MN205524
) 0143 0202 0183 0175 0192
Nemertovema norenburgi
MN205515
o 015 0208 0168 0189 0208 0136
Galathenemertes giribeti
KF935539
» 0162 0208 0168 0187 0215 0178 0142
Tetrastemma vittigerum

Nemerteans remain a relatively understudied group in
India, largely due to the taxonomic challenges and their
cryptic lifestyles. To date, only eight species (7 marine and
1 freshwater) have been reported (Shrinivaasu et al, 2015;
Kalita and Goswami, 2006; Chernyshev et al, 2020), suggesting
that further intensive surveys along the extensive Indian
coastline are likely to yield novel findings. Nemerteans not
only contribute to our understanding of marine biodiversity
but also provide potential sources for bioactive compounds;
for example, pyridyl alkaloids from nemerteans have been
shown to prevent barnacle settlement (Kem et al, 2003) and
have antifouling properties (Kem et al, 2006). Additionally,
various toxins produced by nemertean species are promising
leads in novel drug discovery (Goransson et al, 2019).
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