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Abstract DNA barcodes are increasingly applied to
ascertain the taxonomic identification to improve the
speed and accuracy of ecological monitoring pro-
grammes. The success of integrating molecular
approach in routine surveys ultimately depends on
the coverage of reference libraries that require
constant upgradation. The present molecular study
was aimed at strengthening the genetic database of
Polychaeta, which at present is poorly constructed.
The current effort is first of its kind that covered a large
geographical area along the northwest India. The study
has contributed in building a comprehensive COI
database of polychaete taxocene that included new
records of one family, four genera and six species. The
phylogenetic analysis revealed presence of 19 distinct
clades, each comprising of individual family with
studied polychaete species and conspecific/congeneric
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reference sequences. This is the first analysis that
revealed a close relationship between Longosomati-
dae and Cirratulidae, rather than Spioniform poly-
chaetes. Thus, the phylogenetic information was
useful in distinguishing the polychaete species in the
study region. Molecular analysis also facilitated the
identification of potentially new Streblospio sp. that
displayed close morphological as well as genetic
affinity with S. gynobranchiata, with an inter-specific
distance of 0.11. The present study proves the
effectiveness of molecular characterization and phy-
logenetics in delineating the Indian polychaete species
complex for ecological monitoring. The reference
database can aid the high-throughput biomonitoring
programmes in future.

Keywords Ecological monitoring - DNA
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Introduction

A gradual and continual diversity loss in the marine
realm, more so along the coasts that are exposed to a
multitude of anthropogenic pressures (Halpern et al.
2008), has propelled the need to regularly monitor the
ecological quality of marine and estuarine waters
(Erpenbeck et al. 2016). This is generally achieved by
establishing species inventories that serve as a base-
line against which future perturbations in terms of loss
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of diversity can be measured. Consequently, suit-
able management strategies can be applied in areas of
diminishing species richness or in zones where
imminent diversity loss is predicted (Thomsen and
Willerslev 2015). The biomonitoring mainly relies
upon morphological taxonomy (Aylagas et al. 2018)
which is often criticized as a labour-intensive, time-
consuming and expensive exercise (Lejzerowicz et al.
2015; Bevilacqua and Terlizzi 2016). To circumvent
these issues, integrating genetics in bioassessment
procedures to complement the traditional taxonomy is
a recent and innovative approach (Bik et al. 2012;
Sigamani et al. 2016) well explained by Borja et al.
(2016).

Macrozoobenthos are potential biological indica-
tors that are extensively employed in monitoring
programmes (De Jonge et al. 2006; Aguado-Giménez
et al. 2015). A reliable surrogate taxon that can
represent the entire benthic assemblage and help in the
rapid assessment of an ecosystem health is Polychaeta
(Soares-Gomes et al. 2012). Polychaetes comprise of
both sensitive and tolerant species occurring in a
continuum of habitats from pristine to polluted (Del-
Pilar-Ruso et al. 2009). They form one of the dominant
groups of macrozoobenthos that are highly diverse
with regard to morphologies and ecologies (Struck
et al. 2007). Difficulty in morphotaxonomy with lack
of taxonomical expertise and sufficient identification
keys for this group (Zhou et al. 2010) has lead into
overlooking or mis-identification of species. Poly-
chaeta constitutes a diverse component of marine
invertebrate community with many species still
awaiting description (Lobo et al. 2016). In addition,
chances of fragmentation of body parts are high during
collection for these soft-bodied worms that may lead
to missing body parts crucial for identification (Lobo
et al. 2017). To avoid these impediments, the use of
complementary tool “DNA barcoding” is a recom-
mended alternative. It can stimulate taxonomic (Gold-
berg et al. 2016) as well as systematic studies by using
a small segment of the genome from damaged
individuals, irrespective of life history stages and
establish distinct evolutionary lineages (Vogler and
Monaghan 2007).

DNA sequences are ‘born digital’ that can be
reserved freely in public reference library and can be
referred in future whenever necessary (Bourlat et al.
2013). DNA barcoding based on the sequencing of a
small segment of the mitochondrial DNA is one
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possible way of simplifying (Dasmahapatra and
Mallet 2006) and speeding up the evaluation and
identification of taxa (Aylagas et al. 2014). Integrating
the traditional taxonomy with modern molecular
techniques will achieve efficiency in the species
identification (Bhadury et al. 2006; Bik 2017). Among
the bundle of genes, cytochrome ¢ oxidase subunit I
(COI) is the potential marker used in molecular
taxonomy (Sun et al. 2012) and has a voluminous
database in the reference libraries (Zaiko et al. 2015).
Several studies have also suggested the efficacy of
COI gene to distinguish polychaete species (Pleijel
et al. 2009; Barroso et al. 2010; Nygren and Pleijel
2010; Maturana et al. 2011; Lobo et al. 2016) and their
phylogenetics (Norlinder et al. 2012; Kobayashi et al.
2017). The efforts required to barcode the recognized
annelid fauna is around seven times the current pace of
molecular analyses (Kvist 2013). Hence, to meet this
requirement, it is important that molecular barcoding
be undertaken in various geographical areas to revi-
talize taxonomy with genetics around the world. DNA
barcoding of polychaetes has also become an integral
part of several large-scale projects (Hardy et al. 2011;
Brasier et al. 2016; Neal et al. 2018) to improve the
efficiency and accuracy of taxon identification. It is
also relevant to verify the results of genomic taxon-
omy vis-a-vis the morphological taxonomy to utilize
the technique as a regular tool in environmental
monitoring programmes (Borja et al. 2016).

India ranks among one of the 12 mega-diversity
countries (Myers et al. 2000) and is one of the few
Asian countries that maintains a huge inventory of
coastal and marine biodiversity (Venkataraman and
Wafar 2005). Estimating the species diversity in a
region that exhibits taxonomically complex commu-
nities will require a considerable level of taxonomic
expertise (Amini-Yekta et al. 2017). Unfortunately,
the dearth of trained taxonomists in India, especially
for invertebrate groups, is a major concern (Prathapan
et al. 2006). Among the macroinvertebrate commu-
nity, polychaetes dominate the sediments in a range of
habitats along Indian waters (Joydas and Damodaran
2009) with approximate species count reaching to 883
(Venkataraman and Wafar 2005). Despite the taxo-
nomic diversity, the few molecular studies that have
been carried on the Indian polychaete fauna have
either focused on a limited number of species or
covered restricted geographic areas (Satheeshkumar
and Jagadeesan 2010; Magesh et al. 2012, 2014; Sekar
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et al. 2016; Sigamani et al. 2016). The contribution of
total polychaete sequences from India deposited at
GenBank (excluding the present study) from multiple
loci (only 486 records) and mainly COI (only 215
records of 61 species) is meagre (accessed on
09.07.2018). Thus there exists a pressing need than
ever before, to widen the taxonomic coverage and
capture the information in the “universal taxonomic
system” (Tautz et al. 2003), i.e. genetic database. The
barcode reference library can ameliorate polychaete
identification for ecological monitoring, biological
invasions (Geller et al. 2010; Miralles et al. 2016) in
the Indian waters and aid in high-throughput sequenc-
ing technologies (Mohrbeck et al. 2015; Dowle et al.
2016) in future.

The present molecular survey was executed under
the government aided monitoring program, i.e.
Coastal Ocean Monitoring and Prediction System
(COMAPS) where the Indian coastal waters are
monitored regularly for ecological status. This study
is the first to cover a large spatial extent of northwest
Indian coastal fringe for genetic characterization of
Polychaeta. The polychaete COI sequences were
acquired from ecological assessment at five transects
including two marine protected regions and three
active harbours along vast 2360 km long northwest
Indian coast. The specific objectives of this study
were: (1) to provide an inventory of COI barcodes for
enriching the reference library of Indian polychaete
fauna, (2) to examine the phylogenetic characteriza-
tion of polychaete fauna studied using COI marker and
(3) to evaluate the efficiency of molecular taxonomy in
correctly identifying different morphotypes in the
study area. It is expected that in the scenario wherein
substantial addition to the DNA library of polychaete
species is undertaken and efficiency of molecular
techniques is proven to be superior to traditional
techniques, it would facilitate speedier and accurate
environmental monitoring.

Materials and methods

Sample collection

Sampling was conducted along the northwest coast of
India at five transects (Fig. 1). Four stations were

sampled perpendicular to the coast along the depth
gradient at every transect. Station 1 was located

closest to the shoreline at shallow depths (2-5 m),
while station 4 was the farthest from the shore and in
relatively deep waters (25-30 m). Stations 2 (8—10 m)
and 3 (15-20 m) were located at intermediate depths.
Vadinar (stations: VD1-VD4) and Veraval (stations:
V1-V4) transects of Gujarat state and Mumbai
(stations: MY1-MY4), Ratnagiri (stations: R1-R4),
Malvan (stations: M1-M4) transects of Maharashtra
state were surveyed. Vadinar (22°N; 69°E), situated
on the southern flank of Gulf of Kachchh (GoK), is a
Marine National Park and Sanctuary (MNPS), desig-
nated to conserve the coral reefs and the rich
biodiversity (Sukumaran et al. 2013). Veraval (20°N;
70°E) is one of the biggest commercial fishing centres
in Asia (Misra and Kundu 2005). Mumbai (18°N;
72°E) is India’s premier port that has played a
substantial role in escalating the country’s trade and
commerce (Gaonkar et al. 2010). Ratnagiri (17°N;
73°E) is one of the important harbours along Maha-
rashtra coast (Ingole et al. 2009) and major marine fish
landing centres in India. Malvan (16°N; 73°E) is the
only coralline marine protected area along Maharash-
tra coast that sustains rich biodiversity (Sukumaran
et al. 2016). The sampling was conducted at each
transect during premonsoon, postmonsoon and mon-
soon seasons of the year 2013-2014 (Appendix A).

At each station, a sediment sample was collected
using a van Veen grab of 0.04 m > bite area.
Altogether, 60 grab samples from 20 locations were
collected during three sampling campaigns. The
sediment samples were immediately sieved through
0.5-mm-mesh sieve, and all the animals retained were
fixed in 96% ethanol. The polychaetes were then
sorted in the laboratory with the aid of a stereozoom
microscope (Leica S6E). The specimens were mor-
phologically identified to the lowest possible taxo-
nomic resolution using the available literature (Day
1967; Fauchald 1977) and updated identification keys
(Nogueira et al. 2013; Blake 2016). Minimum of one
specimen was selected for the molecular identification
from each species identified.

DNA extraction, amplification and sequencing

Genomic DNA of the morphologically identified
polychaete specimens were extracted with the DNeasy
Blood and Tissue Kit (Qiagen) as per manufacturer
protocol. The quality of the DNA was tested, and the
barcode region of COI gene (COI-5P) was amplified
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Fig. 1 Study area along northwest Indian coastline showing five investigated transects and the station locations. MNPS* Marine

National Park and Sanctuary, MPA* Marine Protected Area

with specific primers (Table 1). Each PCR mixture
contained 2.5 pl of Qiagen PCR buffer, 0.5 pl dNTPs,
19.5 wl ddH,0, 0.5 pl of each forward and reverse
primer (10 mM), 0.3 pl of (1.5 mM) MgCl,, 0.2 ul
Taq polymerase and 1 pl template DNA, making a
total volume of 25 pl. Amplifications (for both primer
pairs) were carried out in Eppendorf Mastercycler
under the following thermal conditions: 94 °C for
3.0 min, 30 cycles of 94 °C for 1 min, 48 °C for 1 min

and 72 °C for 2 min. A final elongation at 72 °C was
carried out for 10 min followed by cooling the
reaction at 4 °C. Amplified products were tested on
a 0.8% agarose gel. The PCR products were purified
with gel extraction or column purification method with
Invitrogen Purelink Quick Gel Extraction and PCR
Purification Combo kit, following the manufacturer’s
protocols. The purified PCR products were sequenced
bidirectionally by the ABi 3730XL Genetic Analyzer:

Table 1 COI primer sets Primer

References

used in the present study
HCO 2198
LCO 1490
LoboF1
LoboR1

TAAACTTCAGGGTGACCAAAAAATCA
GGTCAACAAATCATAAAGATATTGG
KBTCHACAAAYCAYAARGAYATHGG
TAAACYTCWGGRTGWCCRAARAAYCA

Folmer et al. (1994)

Lobo et al. (2013)
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96 capillary sequencer. All the sequences generated in
the present study have been deposited in GenBank.

Sequence data analyses

The study sequences were aligned using Clustal W
with default settings in MEGA v. 7.0 (Kumar et al.
2016). Additional COI sequences were mined from
NCBI database that closely related to the polychaete
taxa present in this study. Phylogenetic analysis was
performed using Neighbour-Joining (NJ) and Maxi-
mum Likelihood (ML) method using the Kimura-2-
parameter (K2P) model (Kimura 1980). Bootstrap
analysis with 1000 replicates was employed to
estimate the node/clade support. The outgroup taxa
selected to root the phylogenetic analyses were
mollusc species. For the phylogenetic tree building,
the study sequences were coded from Pl to P58
(Appendix A). The genetic distances were calculated
using a Kimura 2-parameter (K2P) distance model at
species and family levels, respectively.

An independent analysis was performed for Stre-
blospio species complex following the steps men-
tioned above. For this study, a dedicated dataset which
comprised of 15 Streblospio sp. from the present study
with three congeneric species—Streblospio gyno-
branchiata Rice and Levin, 1998; S. benedicti Web-
ster, 1879 and S. shrubsolii Buchanan, 1890 (Mahon
et al. 2009) was employed.

Results
Taxa diversity

The current study contributed significantly to the
existing Indian polychaete COI database in the
GenBank by adding 58 sequences to the existing
sequences. Thirty-one morphospecies belonging to 19
families were successfully barcoded. The maximum
number of polychaete barcodes were generated from
Ratnagiri (n = 13) followed by Vadinar (n = 10)
Mumbai (n=8) Malvan (n=7) and Veraval
(n = 6), respectively. Some species were present at
more than one transect. In these cases, the specimens
of the same species were barcoded at every transect it
was present. Leiochone sp., Glycera longipinnis
Grube, 1878; Aglaophamus dibranchis Grube, 1877,
were Dbarcoded from three transects, while

Paraprionospio patiens Yokoyama, 2007; Heterospio
indica Parapar, Vijapure, Moreira and Sukumaran,
2016; Sternaspis scutata Ranzani, 1817; Sthenelais
boa Johnston, 1833; Gymnonereis sp. and Sigambra
parva Day, 1963, were barcoded from two transects.
The rest of the species barcoded, occurred in a single
transect (Appendix B). Each specimen obtained in the
study area was barcoded to produce a single repre-
sentative sequence, except that of a spionid worm
Streblospio sp. The sequences from 15 specimens of
Streblospio sp. were generated and analysed to
ascertain the novelty of the morphotype considering
that the specimens were morphologically similar to the
well-described S. gynobranchiata. Majority of the
sequences (96%) were amplified using a primer set
LCO1490/HCO2198 while the remaining (4%) with
LoboF1/LoboR1. The current study was the first to
deposit the sequences of the monogeneric polychate
family Longosomatidae. These sequences were used
to flag a new species of Heterospio indica (Parapar
et al. 2016) Also, the sequences of three potential new
species (as per morphotaxonomy), i.e. Streblospio sp.,
Polycirrus sp. and Kirkegaardia sp., were submitted.
The genus Kirkegaardia is a new record for the Indian
west coast. Thus, the study added new records for four
genera (Dendronereides, Leonnates, Gymnonereis and
Mysta) and six species (Scoloplos uniramus Day,
1963; Paraprionospio cristata Zhou, Yokoyama and
Li 2008; Paraprionospio patiens Yokoyama, 2007,
Glycera longipinnis Grube, 1878; Aphelochaeta fili-
formis Keferstein, 1862; Sigambra parva Day, 1963).
The details of the study sequences along with their
accession numbers are presented in Appendix A.

Phylogenetic analysis

The DNA data matrix of 105 COI sequences that
included study (n = 58) and reference (n = 42) align-
ments with outgroup taxa (n=35) was used to
construct a phylogenetic tree (Appendix A). Both
ML and NJ trees were constructed and as they
displayed similar topology, the ML tree was displayed
along with the significant bootstrap values from NIJ.
The final phylogenetic consensus tree is depicted in
Fig. 2. The database for family Longosomatidae did
not have any prior sequence depositions, except our
two Heterospio specimens (P22 and P23). Hence, no
reference sequence could be included exclusively for
this family. The other reference sequences selected
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Fig. 2 Maximum
likelihood (ML) tree of
polychaeta cytochrome ¢
oxidase subunit I sequences.
Branch support values
(higher than 50%) for
maximum likelihood and
neighbour-joining are
displayed, respectively (_/_)
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were of same genera of the studied taxa or members
belonging to the corresponding family (Appendix A).
All the sequences were clustered as per their taxo-
nomic hierarchy into respective families, forming 19
clades. The analysis showed that the members of the
errant polychaete taxa, i.e. Phyllodocidae (98/99),
formed the most basal group followed by Sigalionidae
(76/82). Apart from these two families, the entire tree
was built with good support of 63/58. The sedentarian
polychaete families formed the tree apex with nine
clades (Paraoniidae to Polycirridae), while Spionidae
and Opheliidae were placed immediately above the
basal groups. The remaining six clades (Onuphidae to
Nereididae) constituted of errant worms. Well-sup-
ported clades (100/100) found in the present study
belonged to Capitellidae and Sternaspidae. The newly
deposited Longosomatidae family was found to cluster
with Cirratulidae with a good node support (68/79).

The minimum cofamilial distance noted (0.23) was
for Polycirridae and Ampharetidae. The maximum
divergence (0.50) recorded was for Phyllodocidae and
Orbiniidae. Among the species, the lowest inter-
specific distance observed (0.002) was due to low
variance between Streblospio sp. (P7 and P9, P16) and
Gymnonereis sp. (P45 and P46). Kirkegaardia sp.
(P47) and Phyllodoce longipes Kinberg, 1866 (P49)
displayed the maximum distance (0.55). The study
sequences successfully nested with conspecific or
congeneric reference sequences, forming 19 clades of
respective families.

Streblospio species complex

The Streblospio species complex comprised of three
known species i.e. Streblospio gynobranchiata, S.
benedicti and S. shrubsolii along with Streblospio sp.
from the present study. A comprehensive molecular
analysis of all four species was performed with NJ and
ML trees (Fig. 3). The outgroup taxa belonged to
molluscan genera Crassostrea. The position of Stre-
blospio sp. was well supported by a bootstrap value of
99/99. The analysis suggested that all four Streblospio
species were reciprocally monophyletic. All the
alignments (n = 15) obtained from the present study
were closely related to S. gynobranchiata population
with lowest inter-specific distance of 0.11, though
forming a separate distinct cluster. Relatively greater
distances were noted between S. benedicti (0.21), S.
shrubsolii (0.29) and Streblospio sp. The Streblospio

sp. also differed from S. gynobranchiata based on
distinct morphological characters like number of
seminal receptacles in females and their arrangement
in the chaetigers.

Discussion

Genomic monitoring of marine ecosystems has
offered an innovative approach for the rapid evalua-
tion of the ecostatus (Hajibabaei et al. 2011; Avo et al.
2017) as an alternative to the traditional biomonitoring
(Aylagas et al. 2018). Among the biotic components,
polychaetes are the potential candidates that are
widely used for monitoring the benthic ecosystems
(Lobo et al. 2016). However, the studies related to
molecular characterization of polychaete fauna along
the Indian waters are very limited. Satheeshkumar and
Jagadeesan (2010) studied the phylogenetic position
and genetic diversity of two Nereidae species,
Pseudonereis variegata Grube, 1857 and Namaly-
castis indica Southern, 1921 from Pondicherry man-
groves, based on 16S gene. Magesh et al. (2012)
provided morphological and molecular phylogenetics
of a new nereid species, Namalycastis jaya Magesh,
Kvist and Glasby, 2012 from Kerala, southwest India
by using both mitochondrial (COI, 16S) and nuclear
(18S) markers. Magesh et al. (2014) redescribed a
nereid, Namalycastis glasbyi Fernando and Rajase-
karan, 2007 from Gorai Creek, Mumbai, west Indian
coast, which was supplemented with COI sequences.
Sekar et al. (2016) generated DNA barcodes for six
polychaete species from Andaman and Nicobar
Islands while Sigamani et al. (2016) barcoded 13
species from the Vellar—Coleroon estuarine system,
east coast of India. As compared to the aforemen-
tioned studies, the present study investigated the
molecular taxonomy of a considerable number of
species from a broader geographic area. The survey
resulted in a comprehensive reference library of 58
COI barcodes from 31 polychaete species, of which
one family, four genera and six species were
sequenced for the first time.

Advanced, sensitive and cost-effective DNA
sequencing technology has lead to high-throughput
techniques like metabarcoding that are recently being
employed in monitoring studies (Lejzerowicz et al.
2015; Lobo etal. 2017; Aylagas et al. 2018). However,
the success of these advanced techniques mainly
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Fig. 3 Phylogenetic
relationships of Streblospio
species complex. Maximum
likelihood (ML) tree is
displayed where the branch
support values (higher than
50%) from maximum
likelihood and neighbour-
joining, respectively (_/_)
are depicted at the nodes
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depends on the coverage of the reference sequence
database (Larras et al. 2014). Dowle et al. (2016)
pointed that the results of high-throughput techniques
employed for monitoring of New Zealand rivers using
macrozoobenthos would have been superior, if well-
defined and validated reference library was available.
As DNA barcoding and taxonomic identification
complement each other, the lack of species or families
reference sequences in the public database may not
connect to a taxonomically known species (Brasier
et al. 2016). Aylagas et al. (2014) suggested that at
least the most common and abundant species encoun-
tered during the monitoring programmes should be
sequenced with accurate taxonomic tagging to reliably
assess the ecological state. Bourlat et al. (2013) opined
that the investments made for building the DNA
barcode reference libraries are worthwhile considering
the accrued benefits. Future biomonitoring will be
surely benefited from the constant improvement in the
present sequence libraries (Curry et al. 2018). The
current effort has expanded the DNA barcode repos-
itory of the Indian polychaetes with the sequence
submission of polychaetes that are commonly found
during ecological monitoring surveys.

Besides the technical advancements, efforts are
now focussed towards modifying the traditional
indices with genetic support for ecological monitoring
purposes. The genomic-based biotic index like
g-AMBI (Aylagas et al. 2014) has been developed
recently as an alternative for harmonized monitoring,
particularly for areas that lack taxonomic expertise
and have monetary constrains. The index is based on
AZTI’s Marine Biotic Index AMBI (Borja et al. 2000)
that is one among the plethora of indices successfully
tested worldwide for ecostatus evaluation using ben-
thic species. The AMBI index is also successfully
applied in Indian water bodies (Sigamani et al. 2015;
Feebarani et al. 2016; Mulik et al. 2017). However, the
viability of g-AMBI is greatly dependent on the
reference library. Sigamani et al. (2016) have urged to
barcode the entire species spectrum available in the
conventional AMBI list for the successful application
of g-AMBI. Among the polychaete species barcoded
in the present study, 79% were present in the AMBI
list. Thus, the study has provided the genetic database
of polychaete species widely used in ecological
monitoring that will assist in the estimation of
g-AMBI in Indian waters.

The traditional morphotaxonomic approach is now
revitalized with molecular and phylogenetic analysis
in monitoring programmes (Bhadury et al. 20006),
especially in the case of polychaete fauna (Hutchings
and Kupriyanova 2018). However, characterizing the
phylogenetic relationships among the polychaete
taxon is a complex exercise that requires the involve-
ment of both classical and molecular taxonomists
(Canales-Aguirre et al. 2011). The current work
indicated congruence between the morphological
and molecular data that was reflected in the topologies.
In the present study, the sequences of morphologically
identified taxa were appropriately nested in the clades
of respective families with conspecific or congeneric
reference sequences as also observed by Lobo et al.
(2016). Thus, the phylogenetic analysis produced
reliable conclusions in the present study.

The current work has provided the first entry of the
monogeneric family Longosomatidae in the GenBank,
flagging the species Heterospio indica (Parapar et al.
2016) with phylogenetic analysis. Longosomatidae
had been placed in the clade Spionida according to the
phylogenetic analysis based on morphological fea-
tures (Rouse and Fauchald 1997) and reproductive,
larval strategies (Blake and Arnofsky 1999). However,
Wilson (2000) considered it more similar to Cirratul-
idae as both the families share conspicuous characters
like expanded posterior segment and chaetal cinctures.
Hence, Parapar et al. (2014) urged for a better
clarification of the phylogenetic position of Longoso-
matidae. The current phylogenetic analysis is the first
to clarify the existing ambiguity and reveal a close
relationship between Longosomatidae and Cirratuli-
dae, rather than with Spioniform polychaetes. An
extensive phylogenetic analysis of the terebelliforms
by Nogueira et al. (2013) incorporated eight different
families that included Ampharetidae and considered
Polycirridae as a separate family. These two terebel-
liform sedentarian families indicated the lowest cofa-
milial distance (0.23) in the present study. However,
the maximum distance recorded was between the
errant Phyllodocidae and the sedentarian Orbiniidae
which is expected considering that both belong to
distant clades of Scolecida and Aciculata, respectively
(Rousset et al. 2007).

The species of the opportunistic genus Streblospio
are known to dominate the polluted harbours and ports
around the world (Cinar et al. 2012; Radashevsky and
Selifonova 2013). In the present investigation,
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Streblospio sp. was observed to be predominant in the
polluted sediments of Veraval harbour having anoxic
water conditions (Sundararajan et al. 2017; Majithiya
et al. 2018). The Streblospio species are potential
pollution indicators (Pelletier et al. 2010) that mainly
thrive in stressed habitats. According to AZTI’s
classification (June 2017 species list; http://ambi.
azti.es), the Streblospio species were categorized in
Ecological Groups (EGs) III (tolerant species) and IV
(opportunistic species). The Streblospio sp. encoun-
tered in the present study is a potential new species
(MS in progress) that displayed close morphological
resemblance with S. gynobranchiata. Though the
genetic affinity between the two was evident with
lowest inter-specific distance (0.11) as compared to
other congeners, they were separated into two differ-
ent clades representing separate species. Compara-
tively similar values were reported by Barroso et al.
(2010) to distinguish congeneric pollution indicator
species of Eurythoe (0.10). He emphasized on the
genetic scrutiny of mainly the pollution indicator
species as this method can reliably resolve the masked
phenotypic differences. The presence of the existing
robust genetic database for the invasive Streblospio
species (Zenetos et al. 2005) could facilitate the
identification of a prospective new Streblospio species
in this study, thus preventing possible mis-identifica-
tion. As the members of Streblospio species are
expanding their biogeographic provinces, it becomes
imperative to accurately identify the species for
appropriate ecostatus evaluation and avoid the nega-
tive impacts of their invasions (Mahon et al. 2009).

Conclusion

Molecular characterization of organisms is advance-
ment on the traditional microscopy-based taxonomical
studies and is currently being employed in some areas
leading to speedier and accurate species identification.
One of the impediments to the progress of DNA
taxonomy is the insufficiency of the DNA barcode
library in many regions. The success of using genetic
tools in an area depends mainly on a well-represented
species library of DNA barcodes. Thus, the current
study has added DNA sequences to the existing
repository of the Indian polychaete species signifi-
cantly (~ 21%). The study is first to sample over a
large spatial extent of the Indian coastal waters and

@ Springer

create a substantial genetic database of polychaete
fauna. The study generated a comprehensive reference
library of 58 COI barcodes of 31 polychaete species
belonging to 19 families, of which one family, four
genera and six species were sequenced successfully
for the first time. The congruency between molecular
and taxonomic tools has proved the efficacy of DNA
barcoding in the identification of polychaete species.
The molecular analysis facilitated the identification of
a prospective new Streblospio species by segregating
them from the closely related congeners. The utility of
the genetic analysis over morphological identification
was amply demonstrated in the study, where despite
the masked phenotypic differences, the opportunistic
Streblospio species was proven to be a new taxon thus
preventing a possible mis-identification. The findings
from the present study recommend a reliable integra-
tion of molecular approach in routine monitoring
programmes for accurate and rapid identification of
indicator taxon, Polychaeta. The enriched database of
polychaete barcodes can act as a reference library for
ecological monitoring studies that may include next
generation marine monitoring programs in future.
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