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Abstract. In the biogeographical and taxonomical literature before the 1980s there was awide perception that widespread,
often referred to as ‘cosmopolitan’, species were very common among polychaetes. Here we discuss the origins of this
perception, how it became challenged, and our current understanding of marine annelid distributions today. We comment
on the presence of widely distributed species in the deep sea and on artificially extended ranges of invasive species that
have been dispersed by anthropogenic means. We also suggest the measures needed to revolve the status of species with
reported cosmopolitan distributions and stress the value of museum collections and vouchers to be associated with DNA
sequences in resolving species distributions.
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Introduction

In biogeography, cosmopolitan taxa are defined as those
distributed across all biogeographic areas. Clearly, no species
is truly cosmopolitan (i.e. found worldwide in all habitats and at
all depths) but the term, as it is used in marine biogeography,
usually assumesaverywidedistribution, at least occurring inboth
major oceans basins (i.e. Pacific and Atlantic). The idea that
polychaetes are different from other invertebrates in showing
unusually wide geographic distributions was dominant from the
mid-19th century (e.g. Grube 1850; Quatrefages 1865) until the
late 1970s. Fauvel (1927, 1953) stressed the wide dispersal of
many species and Fauvel (1959) explicitly stated that polychaete
species had a high degree of morphological variation and
consequently had wide geographic distribution. Knox (1957)
suggested that up to 40% of the polychaete fauna of the Indo-
Pacific represented cosmopolitan species. Ekman (1953), based
on views prevailing in polychaete taxonomy, remarked that
polychaetes do not show the same biogeographical patterns as
other organisms. Similar statements are found in Day (1967)
and Briggs (1974). The aim of this paper is to examine how the
concept of large numbers of cosmopolitan species in polychaetes
evolved and its current status.

We refer to ‘polychaetes’ here because the term was widely
used in the historical literature. However, because recent
phylogenetic studies (e.g. Struck et al. 2007, 2011; Andrade
et al. 2015) have shown that Echiura, Siboglinidae and Clitellata
are derived annelids and that Sipuncula should be includedwithin
annelids, the group should be correctly referred to as ‘marine
annelids’.

Why were so many cosmopolitan polychaete species
reported?

Part of the explanation is historical as most supposedly
‘cosmopolitan’ polychaete species have a lot in common.
They were described in the 19th and even the 18th century
from Europe. For example, the serpulids Serpula vermicularis
Linnaeus, 1767 from theUKandHydroides norvegicaGunnerus,
1768 from Norway were some of the earliest polychaete species
described.Other examples of reportedly cosmopolitan species are
Marphysa sanguinea (Montagu, 1813) from theUK,Terebellides
stroemii Sars, 1835 from Norway, and Owenia fusiformis Delle
Chiaje, 1842 fromNaples, Italy, to name just a few. These species
are abundant in shallow-water benthic communities and/or large
and colourful, the reasons why they were immediately noticed by
early researchers. Theyalsomayhaveadistinctivemorphological
character thatmade them recognisable and ‘easy to identify’, such
as the large branchial structure of Terebellides stroemii (see
Parapar and Hutchings 2015, fig. 2).

The standards of early descriptions were very different, and
sometimes only anamewasgiven (e.g.Amphitrite cirrataMüller,
1771). Not only were early descriptions often very brief (Kinberg
1867; Claparède 1870; Verrill 1900) but also the illustrations, if
any, were few and often of poor quality, while type material was
rarely deposited. Characters now regarded as critical for species
definitions, such as the structure and distribution of chaetae, were
rarely examined, and often poorly illustrated (e.g. Montagu
1813). No comparisons with congeners were provided because
the early species were the types of initially monotypic genera.
Later, original brief descriptions were gradually expanded on the
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basis of material collected far away from the type locality,
becoming composite generic descriptions. For example, the
description and figures of Marphysa sanguinea from South
Africa in Day (1967) bear no resemblance to those in the
original description of Montagu (1813).

Because the earliest zoologists were based in Europe and
initially focussed on discovering European fauna, there is a
clear ‘European taxonomic bias’ in reported cosmopolitan
polychaetes. Even when European researchers examined
material collected during expeditions to remote places like
Australia, they routinely identified polychaetes using existing
names of European species (McIntosh 1885; Augener 1914,
1922; Fauvel 1917; Rullier 1965; Hartmann-Schröder 1979,
1982) and so later did the ecologists undertaking benthic
surveys in Australia simply because no other names were
available (e.g. Stephenson et al. 1970, 1974).

Interestingly, all the points above were the same for
taxonomists working on other marine taxa (e.g. crustaceans,
echinoderms, fish, and molluscs), so they do not completely
explain why polychaetes were perceived as unusual. We
speculate that the workers on these groups were faster to start
to unpick the widespread view of cosmopolitanism because
there were more taxonomists working on these groups and the
taxonomic effort in those groups was fuelled by their commercial
importance. In contrast, the small field of polychaete taxonomy
was dominated by several influential and highly productive
scientists who attempted to handle all polychaete families and
also happened to have rather conservative views on species
concepts assuming very wide variation in characters within a
species. They largely worked with a large amount of fixed
material in their laboratories, not being able to examine their
animals alive, so details of habitat types, ecology and
reproductive biology were almost always missing. Thus, early
polychaete taxonomists out of necessity used morphological
characters to delimit species, and implicitly used the
morphological species concept, which defines species as ‘the
smallest groups that are consistently and persistently distinct,
and distinguishable by ordinary means’ (Cronquist 1978).

Three key polychaete taxonomists and their important
monographs should be specifically mentioned. Early well
illustrated books on errant and sedentary polychaetes in the
Faune de France series by Fauvel (1923, 1927) for decades
were the most widely used taxonomic guides. His later book
on polychaetes of India (Fauvel 1953) reprints many of the
illustrations from Fauvel (1923, 1927) and uses the same species
names as the author firmly believed in cosmopolitan polychaete
distributions. He also used the same name when identifying
material collected from remote geographic areas. For example,
he records (Fauvel 1922) the opheliid Polyopthalmus pictus
(Dujardin, 1839), described from France, and Arenicola
cristata Stimpson, 1856, described from South Carolina, USA,
from the Abrohlos Islands,Western Australia, with no comments
about these range extensions. There are many similar examples
in his publications (Fauvel 1917, 1922) across several families
and numerous species were synonymised without even an
indication that any material was examined to substantiate these
decisions. A monograph on polychaetes of South Africa by Day
(1967) with its abundant illustrations has also been widely used
outside of southern Africa. John Day, who had undertaken

extensive field surveys in South Africa and spent a year
before the publication of the monograph at the Natural History
Museum in London examining the collections, still included
many European ‘cosmopolitan’ species, such as the above-
mentioned Marphysa sanguinea, Owenia fusiformis, Terebellides
stroemii, Serpula vermicularis and Hydroides norvegica, in his
monograph of South African polychaetes. The first attempt to
summarise the information on polychaetes was made by Olga
Hartman, another prominent supporter of the cosmopolitan
polychaete species concept. In her Catalogues of World
Polychaetes (Hartman 1959, 1965) she synonymised many
species without any explanation, as Fauvel and Day did. For
example, she suggests that of 66 species ofMarphysa, 11 should
be regarded as M. sanguinea and of 22 species of Terebellides
eight of these should be synonymised with T. stroemii.

Thus, there was a vicious cycle: poorly developed polychaete
taxonomy and conservative views of the most prolific and
respected taxonomic authorities resulted in reported cosmopolitan
species, and these reportsbyvery influential taxonomists resulted ina
lack of taxonomic studies of such species by other workers. It was
not until the generation of polychaete taxonomists changed that
this view started to change, so the paradigm shift really coincided
with the generation shift.

Demise of the cosmopolitan polychaete distributions
concept

In the late 1970s the concept of cosmopolitan polychaete
species began to be challenged. This paradigm shift started in
the taxonomic literature due to increased taxonomic effort by
new workers in the field. Predominantly, the morphological
species concept was still used, but morphology was examined
in much greater detail. For example, when the senior author
became the first polychaete taxonomist in Australia, her early
publication (Day and Hutchings 1979) listed 17 genera and
32 species of terebellids, and most of these were records of
widely distributed or so-called cosmopolitan species present in
Australian waters. By the early 1990s all of these species,
except for Amaeana trilobata Sars, 1863 were shown to be
misidentifications (Hutchings and Glasby 1991) and were
recognised as new species restricted in their distribution to
Australia. Not surprisingly, the remaining ‘European’ species
Amaeana trilobata was most recently shown by Nogueira et al.
(2015) to be a mixture of two new species (A. angulus and
A. ellobophora), and A. trilobata does not occur in Australia.
Nogueira et al. (2015) undertook a worldwide revision of the
genus and provided a range of useful morphological characters
to distinguish among the 14 currently accepted species. When
later Glasby and Alvarez (1999) examined biogeographic
patterns within a group of austral polychaete families, they
concluded that an earlier perception of a high proportion of
cosmopolitan species (e.g. Knox 1957) reflected the poor state
of taxonomic knowledge in the region at the time.

Kristian Fauchald, the former Ph.D. student of Olga Hartman,
was one of the prominent workers of the new generation
who directly challenged the biogeographical paradigm of
predominantly cosmopolitan polychaetes. His famous “pink
book” (Fauchald 1977) listed all families and genera based on
the Hartman (1959) catalogue but, most importantly, included
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the first comprehensive keys to all families and genera as well as
a glossary of terms used in polychaete systematics, thus ensuring
his status of an authority in polychaete taxonomy. With the
help of his research assistant Linda Ward, Kristian Fauchald
continued to update this publication, which subsequently
evolved into the World Database of Polychaetes (Read and
Fauchald 2017), a part of the World Register of Marine
Species (WoRMS Editorial Board 2017). Fauchald (1984) was
the first to state that taxonomic problems are the main obstacle
to the understanding of polychaete distribution patterns and
suggested that, like other organisms, polychaetes can show
interesting biogeographical patterns when properly identified.
This paper was the plenary at the 1st International Polychaete
Conference in 1983.

Arguably, a part of this shift was also due to societal changes:
as the world became gradually more globalised and taxonomic
studies became internationally collaborative, globally distributed
species appeared less likely. Prior to the 1980s the world was a
very different place. Finding early literature was time-consuming
as the holdings were restricted to the major institutions with
extensive libraries. Scientific communication was largely by
letters, which could take weeks to arrive, and paper reprints
were mailed. While some researchers travelled to other
institutions to examine material, face to face meetings were
rare. The First International Polychaete Conference held in
Sydney in 1983 was for many people the first opportunity to
meet their polychaete colleagues in person. Before planning the
conference, the senior author travelled to the USA and Europe to
confirm that people would fly half way around the world to spend
a week talking about polychaetes. Relative decrease of travel
costs encouraged people to participate in these conferences,
which have continued every three years since that first one
and this community has widely embraced the concept of
marine annelids but has retained the name of polychaetes in
its title. The arrival of electronic mail in the early 1990s and
the availability of digital reprints changed the scientific
communication by making it easier to access literature, to
check species identifications, and to request type material. The
mailing list Annelida has been helping connect researchers
since 1995. The availability of online databases of museum
collections has simplified the task of locating types. The decision
by major institutions to digitise their library collections (e.g.
Biodiversity Heritage Library) and make them available online,
has facilitated checking early descriptions critical for taxonomic
studies. The advances in technology, such as the availability
of scanning electron microscopy and digital photography,
resulted in improved quality of illustrations and helped to
identify new characters useful for species recognition. Another
advance was the increasing availability of molecular data to
help in distinguishing species and this has continued to the
present day as the relative costs have declined.

Below, we examine how our understanding of supposedly
cosmopolitan distributions has changed using the species
mentioned in the beginning of this paper as examples: none of
them are now regarded as widely distributed taxa.

Williams (1984) was the first to compare specimens of
Terebellides stroemii from the type locality (Norway) with
specimens collected in several geographic areas and she
discovered a suite of morphologically distinct species all

having the typical ‘stroemii’ branchial structure. Subsequently,
Hutchings and Peart (2000) confirmed that the Australian
morphotypes recognised by Williams (1984) indeed represented
distinct species. More recently, Parapar and Hutchings (2015)
designated a neotype of T. stroemii using a specimen collected
from the type locality and suggested that this species has a very
restricted distribution even in Norway (Nygren, pers. comm.).
Parapar et al. (2016) provide a summary of studies on the genus
Terebellides, the former ‘cosmopolitan’ Terebellides stroemii.

Kupriyanova and Rzhavsky (1993) compared specimens
of reportedly ‘cosmopolitan’ Serpula vermicularis from the
Norwegian Sea and Sea of Japan and suggested that, because
these specimens belong to two clearly morphologically different
species, Serpula columbiana Johnson, 1901 from the Sea of
Japan was erroneously synonymised with S. vermicularis
and needed to be reinstated. The situation became even more
complicated when later Kupriyanova (1999) compared specimens
of S. columbiana from the type locality (Puget Sound,WA,USA)
with the specimens from the Sea of Japan and described a
new species, S. uschakovi Kupriyanova, 1999, from the latter
locality. While the cosmopolitan status of S. vermicularis that
was indiscriminately reported from tropical, subtropical, Arctic
and Antarctic waters (reviewed by Kupriyanova 1999) is not
justified, the number of species within this species complex
remains to be resolved and a much needed neotype needs to
be designated.

Another serpulid, Hydroides norvegica from Norway, the
most cold-tolerant species of the genus (it occurs at its highest
latitude at 63.4�N)was for years confusedwith amorphologically
similar congener, H. elegans (Haswell, 1883). Ironically, the
latter subtropical species described from Port Jackson, Australia,
was synonymised with temperate H. norvegica by Fauvel
(1911) and early reports of H. elegans from Australia (e.g.
Allen 1953; Wisely 1958; Dew 1959; Straughan 1967) are as
H. norvegica. The undeserved cosmopolitan status ofHydroides
norvegica was questioned by Zibrowius (1971) and ten Hove
(1974), who rejected this synonymy.

Hutchings and Karageorgopoulos (2003) compared material
of Marphysa from the type locality of M. sanguinea (Cornwall,
UK) with material traditionally identified as M. sanguinea in
Queensland, Australia. They found significant morphological,
ecological (very different habitats) and reproductive (bred
when water temperatures were very different) differences.
They designated a neotype of M. sanguinea and described the
species from Moreton Bay as a new species, M. mullawa
Hutchings & Karageorgopoulos, 2003. This study facilitated
the most recent discovery of other Australian species of
Marphysa, all of which had previously been identified as
M. sanguinea (see Zanol et al. 2016 and Zanol et al. 2017).
Other studies showed that material in South Africa identified
as M. sanguinea also represents another species (Lewis and
Karageorgopoulus 2008).

The cosmopolitan status of the Mediterranean Owenia
fusiformis was initially questioned by Dauvin and Thiebaut
(1994). Studies of Owenia by Koh and Bhaud (2001) in China
and Koh et al. (2003) in the North Atlantic Ocean found several
species within this supposedly cosmopolitan species. A detailed
morphological study of Owenia fusiformis in Australia by Ford
and Hutchings (2005) resulted in a description of three new
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species, confirming thatO. fusiformis sensu stricto does not occur
in Australia. Most recently, Parapar and Moreira (2015) have
described another two species from northern Australia.

As already mentioned, the molecular revolution in taxonomy
significantly contributed to our understanding of polychaete
species distributions, but by that time the paradigm shift
had already happened as a result of morphologically based
studies. Wide application of molecular methods in taxonomy
and phylogeny also facilitated a shift from the purely
morphological species concept in polychaetes. The concept of
phylogenetic (sensu Cracraft 1989) species based on recognition
of monophyletic groups (clades) and the genetic species (sensu
Baker and Bradley 2006) concept that uses levels of sequence
variation for determination of genetic isolation as indications
of species boundaries, became commonly used. The observed
genetic differences are often assumed to indicate the
reproductive isolation (see biological species sensu Mayr
1942) in both sympatry (e.g. Styan et al. 2017) and allopatry
(e.g. Manchenko and Radashevsky 1994) but, in some cases,
evidence of reproductive incompatibility was used to support
species established on the basis of DNA sequence data alone
(Styan et al. 2008, Halt et al. 2009).

A recent review by Nygren (2014) demonstrates that
morphology alone seriously underestimates the number of
species and that cryptic (morphologically similar species
incorrectly classified as a single one) species are common
among polychaete families, making up a significant portion of
their biodiversity. Thus, real species distribution ranges are
actually even more restricted than morphological studies have
revealed.

A very similar story could be told about the sipunculans
where the active research community is even smaller. A
monograph by Stephen and Edmonds (1972) recognised 320
sipunculan species. Over the next two decades Cutler and
colleagues nearly halved the number of species (summarised
byCutler 1994). Of these ~150 species,many have been regarded
as ‘cosmopolitan’, defined by Schulze et al. (2012) as having
ranges spanning at least the width of an ocean basin. However,
when Schulze et al. (2012) investigated three species reported
from both the north-east Pacific and the Sea of Japan in terms
of egg size, developmental mode and timing, they found that
these ‘cosmopolitan’ species are complexes of cryptic species.
Subsequently, Johnson and Schulze (2016) found that
Phascolosoma agassizii Keferstein, 1866, one of the above
three species, is restricted to the eastern Pacific and another
currently undescribed species occurs in the western Pacific.
Similarly, the widely reported Sipunculus nudus Linneaus,
1766 has also been shown to represent a complex of
morphologically similar species that can be separated by both
morphological and molecular characters (Kawauchi and Giribet
2013).

Do cosmopolitan polychaete species exist?

Some studies suggest that cosmopolitan polychaetes do exist, but
are rare. For example, Schmidt and Westheide (2000) claim that
the cosmopolitan nature of Hesionides arenaria Friedrich, 1937
has been confirmed by DNA data and Westheide et al. (2003)
suggest that Ctenodrilus serratus (Schmidt, 1857) provides

‘another example of a truly cosmopolitan distribution in an
interstitial meiofaunal polychaete’. Morphological and molecular
data suggest a cosmopolitan distribution of the polychaete
Proscoloplos cygnochaetus Day, 1954 (see Meyer et al. 2008).
There are also two general exceptions to the rule of restricted
distribution ranges in polychaetes.

Deep-sea species

The traditional view that deep-sea species generally tend to have
broader distributional ranges than those of shallow-water species
is supported by most recent studies (e.g. McClain and Schlacher
2015; Higgs and Attrill 2015). Polychaetes follow this rule and
genetic evidence for cosmopolitan polychaetes indeed can be
found. For example, wide distributions of trichobranchids (genus
Terebellides) have been confirmed by molecular studies
(Schüller and Hutchings 2012), which suggest that deep ocean
currents are responsible for moving larvae between ocean basins.
The vestimentiferan Sclerolinum contortum Smirnov, 2000 has
shown genetic consistency in the COI gene among specimens
collected from both polar regions and the Gulf of Mexico
(Georgieva et al. 2015). Most recently, Böggemann (2016) has
confirmed widespread distributions of some abyssal glycerids
using morphological characters and DNA sequence data.

Invasive species

Natural restricted distributions of polychaetes canbe significantly
enhanced by anthropogenic means and it appears that highly
invasive species tend to attain nearly cosmopolitan distribution
ranges. The classical example is the truly cosmopolitan
above-mentioned invasive serpulid Hydroides elegans. For this
species, biofouling of ship hulls is suggested as a major mode of
dispersal (Pettengill et al. 2007) and it is considered to be
introduced on both sides of the Atlantic, the Mediterranean
Sea, the east coast of the USA (Florida), the west coast
of North America (California and Mexico), Hawaii, Japan,
Russia and New Zealand. Another example includes a large
sabellid, Sabella spallanzanii (Gmelin, 1791), introduced by
ship hull fouling from its native range in the Mediterranean
to Australia and New Zealand (e.g. Ahyong et al. 2017).
Transport of larvae in ballast water became an important
means of the range expansion for marine organisms since the
late 1980s with the increased volume of shipping and the
advent of container shipping (see Hutchings 2007). Some
polychaetes are translocated with aquaculture movement,
for example, Hydroides ezoensis Okuda, 1934, which was
introduced to the Atlantic coast of France with imported
oyster spat from Japan (Gruet et al. 1976; Zibrowius 1978).
Spionids of the genus Polydora are often moved with oyster
stocks as they are relocated during oyster cultivation (Sato-
Okoshi et al. 2012).

Unfortunately, the fact that a taxon is easily translocated to
new localities and tends to become invasive does not guarantee
that it constitutes a single species.Asa result of adedicated studya
widely distributed invasive species may still dissolve into a
complex of morphologically distinct species, several cryptic
genetically distinct species, or a combination of both. A good
example is the important fouling serpulid Hydroides dianthus
(Verrill, 1873), described from New England and distributed
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along the east coast of the USA, that has been widely introduced
to, and established in, Europe, Brazil, China and Japan. A recent
molecular study (Sun et al. 2017) showed that this species is
made up of two genetically distinct cryptic species within its
range. Even more complicated is the story of another fouler,
Hydroides brachyacantha Rioja, 1941, described from Mexico
and reported from many localities. It is a complex of an
unknown number of species that in Australia includes two
species, both morphologically and genetically distinct from
H. brachyacantha sensu stricto (Sun et al. 2016). Another
notable example is Ficopomatus enigmaticus (Fauvel, 1923),
a cryptogenic reef-building estuarine species reported from
many localities worldwide and known as the ‘Australian
tubeworm’. The study by Styan et al. (2017) revealed the
presence in Australia of three genetic groups (not formally
described as species yet) with overlapping ranges, one of
which is morphologically distinct from the other two.

Therefore, while the existence of widely distributed species
should not be ruled out, all evidence accumulated to date
suggests that polychaete species usually have restricted
geographic distributions. Therefore, the null hypothesis should
normally assume a narrow rather than wide range.

What do we do with reported cosmopolitan polychaete
species?

Remarkably, some polychaetes are still referred to as
cosmopolitan in recent ecological (e.g. Maria et al. 2011),
toxicological (e.g. Eça et al. 2013; Gomes et al. 2014) and
biodiversity (e.g. Souza and Borzone 2000; Surugiu et al.
2010) studies. The concept of cosmopolitan species in
polychaetes is still widespread as demonstrated by some
presentations at the 12th International Polychaete Conference
held in Cardiff, Wales, in August 2016. Therefore, we as
taxonomists need to increase awareness among non-
taxonomists of the fact that wide distributions in marine
annelids are suspicious and have to be proven rather than
taken for granted. This has been consistently shown in recent
studies using molecular data (e.g., Álvarez-Capos et al. 2017a,
2017b; Capa et al. 2010, 2013; Nygren and Pleijel, 2011; Sun
et al. 2016). This is what we suggest needs to be done.

Integrative taxonomic revisionary studies

Species reported as cosmopolitan should be revised on a global
scale using a combination of morphological and molecular
data. This is crucial for economically important reportedly
invasive species, and being able to distinguish among
introduced, known native, and yet undescribed native species
ensures that neither unnecessary eradication programs are
implemented, nor new introductions are overlooked.
International collaborative efforts are essential to understand
true diversity and distribution of supposedly cosmopolitan
species. While some of the most widely reported species, such
as those mentioned here, are recognised as plural taxa and
partially revised, many others, e.g. serpulids Spirobranchus
krausii (Baird, 1865) and S. tetraceros (Schmarda, 1861),
terebellids Pista cristata (Müller, 1776) and Thelepus setosus
(Quatrefages, 1865), are suspected of representing suites of both
morphologically distinct and cryptic species.

Need for voucher specimens to be associated
with published DNA sequences

While depositing sequences resulting from revisionary studies to
public databases such as GenBank (https://www.ncbi.nlm.nih.
gov/genbank/) or in BoLD (Barcode of Life Data System) (http://
www.boldsystems.org/) is critical, it is equally important that
these sequences are associated with voucher specimens so
that sequence identifications can be validated. Such vouchers
should be deposited in museums, while their precise collecting
locality, means of identification, and place of deposition should
be listed in resulting publications.While some authors have been
doing this routinely, others have not and journals should require
voucher specimens to be listed in the tables ofmaterial sequenced.
This is important because GenBank sequences are already
riddled with errors that come from misidentification even
by experts and taxonomic changes still not reflected in the
databases. We suggest that unreliable sequences (such as
lacking sufficient collection locality and voucher deposition
information to be validated) should be ignored.

Sequences associated with type material

Because of the above potential problems, we argue that that not
all sequences are created equal. The sequences associated with
the types of material of newly described species are inherently
more reliable and constitute a golden standard for comparative
molecular identifications. However, obtaining sequence data
for species described decades ago is usually problematic, so
specimens for revisionary sequencing should be topotypical,
that is, collected as close as possible to the type locality. If
no type material was designated or it was lost, then, as a part
of a revisionary study of a questionably cosmopolitan species,
a neotype should be designated and sequenced (as, for example,
was done by Sun et al. 2016).

Development of regional identification tools

The polychaete fauna ofmany regions is still largely undescribed.
For example, Poore et al. (2015) concluded that 72% of the
polychaetes off theWesternAustralian coastwere new to science.
The same is true for the fauna of most of India, most of Asia,
South America, and Africa. Unfortunately, because of the lack
of regional identification guides polychaete workers in these
regions still use the outdated books by Fauvel (1923, 1927)
and Day (1967) and, thus, report cosmopolitan polychaete
species. Development of regional guides with illustrated
interactive keys accompanied by full descriptions and making
these easily available online is important to facilitate the
recognition of undescribed species. Wherever possible these
guides should include molecular markers for the species.
A contribution to this was the development of a CD of
interactive keys and illustrated descriptions to all world genera
and Australian species by Wilson et al. (2003), which
complemented the interactive digital key (known as Polikey)
to polychaete families by Glasby and Fauchald (2003), which
obviously needs updating to reflect the true composition of
marine annelids. Such identification tools are critically
important to ecologists to ensure they correctly identify their
fauna.
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Role of museums in resolving cosmopolitan species
complexes

All the above indicates that the value of databased and available
online museum collections (including both traditional specimens
and frozen tissues) and the need for their continuous growth is
increasing in the ageofmolecular taxonomy.At least inAustralia,
funding for research in museums is declining leading to loss of
taxonomists and associated support staff (e.g. Hutchings 2012).
We suggest that taxonomists need to become more proactive
and explain the value of correct identifications and develop
ways and means of training new generation of taxonomists
and ensuring that there is a career path after they graduate.
In the recently developed Australian National Marine Science
Plan (http://www.marinescience.net.au/national-marine-science-
plan/biodiversity-conservation-and-ecosystem-health/, accessed
06 July 2017), one of the subtheme white papers discusses the
need for documentation, curating and systematics of marine
biodiversity. This paper, coordinated by the senior author,
discusses the declining taxonomic ability in Australia and
suggests that priority should be given over the next five years
to document Australia’s biodiversity. This should include
increasing funding for taxonomic research and a coordination
between museums to allocate new appointments across
taxonomic groups to minimise duplication of effort. In parallel,
support should be given to include species in national databases
and increasingly associate keys, distribution maps and
illustrations for better integration of biodiversity into industry
needs and biodiversity health. While obviously this is an
Australian perspective, we would suggest that much of this is
relevant elsewhere and could be used to increase our knowledge
of marine biodiversity, of which marine annelids make up a
major component.
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