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Abstract

Researchers are continuing to identify polychaetes using inappropriate references and failing to appreciate that many if
not most species have restricted distributions. Using Marphysa sanguinea (Montagu, 1813) as a case example, we discuss
the loss of valuable data by misidentifying a species. We suggest ways in which this problem can be addressed by both
taxonomists, ecologists and other researchers. Furthermore, this situation is not unique to polychaetes but applies to many
other groups of marine invertebrates.

Introduction

Biological science uses scientific names to identify organisms and these names are very important because
they form the basis for referring to species and they label biodiversity information across the entire spectrum
of biodiversity knowledge, from genes to ecology (Thompson & Pape 2016). This is why it is so important to
correctly identify species. We use polychaetes as an example of a diverse group of marine invertebrates that
sometimes are incorrectly identified to illustrate the importance of correctly identifying species.

Polychaetes are a diverse and abundant group with over 12,000 described species (Pamungkas et al.
2019) and more species are continually being described. Increasingly, as molecular data become more widely
available, we are finding that some widely reported species represent suites of cryptic species (Nygren et al.
2018). Polychaetes are found in a wide variety of marine and estuarine environments and often dominate
benthic communities (Hutchings 1998). Indeed, the species diversity or presence of certain species in an
assemblage is often used as an indicator of habitat/ecosystem health.

Our knowledge of the taxonomy of polychaetes is largely based on species occurring from the intertidal to
shallow subtidal areas, whereas our knowledge of those present in the deep sea is limited (Grassle & Maciolek
1992, Langeneck et al. 2019). In recent years the unique fauna of deep sea vents and cold water seeps (Goffredi
et al. 2017, Menot et al. 2010) and abyssal plains (Glover et al. 2016) has been collected and described,
with worms well represented. Also, current projects sampling the abyssal fauna off the east coast of Australia
(Gunton et al. in review) and the Clarion-Clipperton Fracture zone (Blake 2019, Bonifacio & Menot 2019) have
revealed a diverse polychaete fauna but such comprehensive surveys are rare. So while this is acknowledged,
we also should not underestimate the undescribed diversity in shallow waters even in areas where major
studies have been undertaken. For example Fauvel (1923, 1927) documented the polychaete fauna of France,
but recent studies on one of the major groups, the terebellids, from the same area have shown the presence of
many undescribed species (Lavesque et al. 2019a, 2020a, ¢). We suggest that a similar pattern would be found
in all the other groups of polychaetes from this region and also from other parts of the world.

Historically, most polychaete workers were based in northern Europe and worked either on the local fauna
or studied collections made during major expeditions such as the Challenger (McIntosh 1885), the Siboga
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(Caullery 1944) and various German based expeditions (Ehlers, 1864, 1887, 1904, 1913). European workers
included Augener, Ehlers, Fauvel, Griibe, Hartmann-Schréder, Malmgren, Mclntosh and Sars. They described
many species from many families and some were later designated by Hartman as the type species of the genus
in her Catalogue of Polychaetes (Hartman 1959, 1965).

Only later were polychaetes studied in North America by Treadwell, Verrill in the late 19" and early 20™
century and then by Hartman and Pettibone from 1930’s to the late 1990°s and more recently by Blake, Fauchald,
Kudenov and others. So while the polychaete fauna is reasonably well known in northern Europe and America,
in many other parts of the world, such as Southeast Asia and India, it is poorly known. Comprehensive studies
require active workers such as those now found in Brazil (e.g., Fukuda, Lana, Nogueira, Zanol) and Australia
(e.g., Glasby, Hutchings, Kupriyanova, Paxton, Wilson).

With the advent of molecular studies, suites of species are increasingly being described from what was
assumed to be one widely distributed species. Nygren et al. (2018) for example found more than 25 species
of Terebellides (Trichobranchidae) of which only seven were formally described. This followed a study that
clarified the concept of the genus with a redescription of the type species 7. stroemii Sars, 1835 and designation
of a neotype (Parapar & Hutchings 2014). The remaining 18 species from North East Atlantic waters (ranging
from the British Isles in the south, to the Polar Basin in the north) still need to be formally described based
on morphological data. These studies allowed Lavesque ef al. (2019a) to clarify the number of species of this
genus occurring in French waters, with the only previously recorded species, T stroemii not found during
extensive sampling around the French coast. So, currently eight (new) species of this genus are known to occur
in this area. Fauvel (1927) does not give precise localities of the material he examined, so probably 7. stroemii
does not occur in France as the type locality is southern Norway. Moreover, Fauvel (NL, pers. comm.) did not
routinely deposit specimens he observed in museums collection. Some of his material is lodged in the Musée
Océanographique de Monaco, which do not loan material and do not have their collections databased.

Issues facing polychaete taxonomists
a. Lack of precise documentation of type location and deposition of type material

As postulated by Blake (2015), even in the relatively well-known waters of northern Europe and North America,
many polychaete species still remain to be described. An additional complication is that many earlier workers
failed to designate a type and deposit it in a museum or in many cases gave imprecise type localities or provided
few details concerning the habitat in which found. For examples, Eupolymnia trigonostoma (Schmarda, 1861)
was described from New South Wales (which has a coastline of ~1300 km), Australia, and Sternaspis scutata
(Ranzani, 1817) described from off the coast of Turkey, without any precise localities provided. Fabricius in his
Fauna Groenlandica (1780), described several species but without any place names (Read, pers. comm.). For
example, Capitella capitata (Fabricius, 1780) was described from a place a priori near the present community
of Paamiut on the Frederikshab peninsula (SW Greenland) (Blake 2009).

Additionally, early descriptions are often basic compared to modern ones, yet many were subsequently
designated as the type species of a genus. Gradually, these species are being revisited and fully described (Zhang
et al. 2019) and in many cases a neotype is designated (Hutchings & Karageorgopoulos 2003; Blake 2009;
Parapar & Hutchings 2014). This often requires extensive searching of museum collections and assistance by
Collection Managers to interpret where these early workers collected their material. In some cases, this involves
checking handwriting on original labels and comparing specimens with the original description in terms of size
etc, with the aim of identifying which specimens they actually examined to make their descriptions.

So while this quest is the aim of many researchers undertaking major taxonomic revisions, other users
of species names like benthic ecologists, physiologists, managers, geneticists, invasive species biologists for
example will certainly have different priorities.

b. Lack of taxonomic knowledge and relevant regional keys

Lack of taxonomic knowledge and appropriate keys is a major issue for these researchers just wanting to find
a name for the organism that is the focus of their studies. They often use keys written for areas well away from
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their study sites, like those in Fauvel (1923, 1927, Faune de France) and Day (1967, Polychaetes of Southern
Africa). Day (1967) also provided well illustrated diagrammatic figures to all families and diagnostic characters
which non specialists find helpful. Both these major references are almost 100 and 60 years old, respectively,
and therefore do not reflect recent changes in classification, but are widely used as there are no other available
sources in many parts of the world. Another problem is that typically, these researchers just list species found
or used in their studies, without depositing voucher material (=reference material) in a recognised institution
for examination and confirmation at a later date. Or sometimes they just repeat species lists from earlier
studies. In doing so, probably little thought was given to where the species was originally described from, its
habitat or depth. In part, this practice may have been due to the concept that polychaete species were widely
distributed as many have long—lived larvae, and that the same species could occur from the intertidal to great
depths. Indeed, this concept was part of the reason that Hartman (1959, 1965) synonymised so many species,
without examining material or providing justifications.

Day & Hutchings (1979) in their catalogue of polychaete species from Australia and New Zealand
reported 17 genera and 32 species of terebellids from Australian waters (based entirely on the literature) and
by 1991, Hutchings & Glasby reported that this group was represented by 27 genera and 78 species of which
67 were only known from Australia after some extensive reviews of the terebellid fauna. They analysed the
11 species non endemic species, and two occurred in the Northern Hemisphere and the rest were Indo-Pacific
species. Since that review, the two species from the Northern Hemisphere Amaeana trilobata (Sars, 1863)
and Hauchiella tribullata (McIntosh, 1869) have not been found in Australian waters (Nogueira ef al. 2015a,
b) despite extensive collecting. This redescription of the Australian terebellid fauna reflected the virtual lack
of polychaete taxonomists in Australia prior to 1970, when one was appointed to the Australian Museum
(PH). Prior to this the fauna was largely described by workers based in Europe who received material from
expeditions which collected in Australian waters and this led to many European species being recorded by
Augener, Fauvel, McIntosh (see Day & Hutchings 1979, for references).

Recently, we had an opportunity to work with a Chinese taxonomist who translated for us some Chinese
regional faunal studies which included extensive lists of species described from areas outside of China and
yet were reported in Chinese waters with no comment. The presence of these species was then repeated in
subsequent surveys of different areas of the coast (Meng et al. 1994, Wu 1962, Wu et al. 1980). Rarely was any
comment made about these widely distributed species in these papers. Attempts to borrow vouchers deposited
during these surveys revealed that none had ever been deposited even though all these studies involved
Wu Boa Ling who was based at the Institute of Oceanology in Qingdao, which hosts the largest collection
of marine organisms in China. So the validity of the names could not be checked and therefore the value of
these surveys must be questioned. This practice is not limited to China, but we suspect is widespread in many
countries where available taxonomic literature is limited. Benthic ecological studies and faunal lists reviewed
by Hutchings as editor of Zootaxa and Marine Pollution Bulletin (PH, pers. comm.) from many countries
often list species which were described from far away locations and may have restricted distributions and she
questions these distributions.

Case study of a supposedly cosmopolitan species

In order to demonstrate the problems associated with misidentifying polychaetes and the consequences of
this, we examine the case of the blood worm Marphysa sanguinea (Montagu, 1813). This species occurs
in intertidal rock crevices in Devon, UK and is used by recreational fishers as bait (Cole ef al. 2018). The
original species description is very brief (see Fig. 1A) and poorly illustrated at least by today’s standards, and
no type specimen was deposited, which was typical of those times. The illustration clearly shows a species of
Marphysa but few details of characters which we now know to be important in distinguishing between species
are neither illustrated or given in the description. Despite this brief description and inadequate illustrations, this
species has been reported from around the world, and has been widely regarded as a ‘cosmopolitan’ species.
Hutchings & Karageorgopoulos (2003) list that the species has been reported from USA (Hartman 1944; Reish
1963; Gathof 1984), Mexico (Rioja 1947, 1962), South Africa (Day 1967), Japan (Miura 1977) and Australia
(Rullier 1965) for example. In most of these papers the name is just given with no description. Although, Day
(1967) provides a description and information about chaetae and cites Fauvel (1923) in his references to this
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FIGURE 1. A. Original plate of Marphysa sanguinea (Montagu, 1813) illustrating entire worm (1), mid body parapodium
(2), and dissected jaws (3). [the other images 4,5 belong to Myrianida pinnigera (Montagu, 1808, described as Nereis
maculosa] B. Parapodium from mid body, C. Anterior view (B, C after Fauvel, 1923), D. Anterior view, E. Transverse
section of mid segment (D, E after Day, 1967).
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species. The figures of Fauvel (Fig. 1B, C) differ from those shown in Day (1967) (Fig. 1D, E) and in neither
case do the authors indicate which specimens were illustrated. Fauvel (1923) lists a wide distribution for this
species including the English Channel, North and South Atlantic, Mediterranean, Indian Ocean, Red Sea and
Australia, occurring in habitats such as sand, in Zosfera beds or cracks in rocks. Day (1967) instead gives the
distribution as the North Atlantic (Scotland), English Channel, Senegal to North Carolina, Gulf of Mexico,
Mediterranean, New Zealand, Southern California and Japan as well as South West Africa, and habitats as
muddy sandbanks and Zostera beds. Yet the type locality is rocky intertidal crevices. Neither of these authors
actually list the material examined to prepare these descriptions which appear to be a generalised description
of several species of Marphysa. We suggest that this generalised description of M. sanguinea is the reason why
this name has been used to describe specimens found all around the world, suggesting it is a cosmopolitan
species.

Anecdotal evidence suggested that this same species formed the basis of a commercial bait industry in
Moreton Bay (Queensland, Australia), dug from intertidal mud flats with associated seagrass beds (Hopper
1994); however this seemed very unlikely to us given the very different habitat and environmental conditions.
In order to resolve this situation, M. sanguinea from the type locality needed to be redescribed and a neotype
designated (Hutchings & Karageorgopoulos 2003). This then allowed the species in Moreton Bay to be described
as a new species M. mullawa Hutchings & Karageorgopoulos 2003. Subsequently, other species within the M.
sanguinea complex have been described: M. elityeni from South Africa by Lewis & Karageorgopoulos 2008;
M. fauchaldi from northern Australia by Glasby and Hutchings 2010; M. kristiani and M. pseudosessiloa from
New South Wales, Australia by Zanol et al. 2016, 2017; M. maxidenticulata, M. tripectinata, M. multipectinata,
M. tribranchiata from China by Liu et al. 2017, 2018; M. moribidii from Malaysia by Idris et al. 2014; M.
victori from France by Lavesque et al. 2017, M. iloiloensis from Philippines by Glasby et al. 2019 and M.
gaditana and M. chirigota from Spain (Martin et al. 2020). Recently, fresh material was collected from close
to the type locality of M. sanguinea for molecular work and is included in the recent study by Lavesque ef al.
(2019b) which shows that its distribution is limited to the English Channel and the Bay of Biscay. Certainly
other undescribed species in this group of Marphysa occur (Hutchings et al. 2020) in the Indo-Pacific and they
seem to be very habitat specific.

Based on the concerted efforts of the researchers noted above, it seems clear that Marphysa sanguinea
is not a widely distributed “cosmopolitan” species, but rather comprises a suite of morphologically similar
species. This conclusion is also supported by Molina-Acevedo & Carrera-Parra (2015) who recently re-erected
three species of Marphysa which had been synonymised with M. sanguinea from the Grand Caribbean as well
as suggesting that all previous records of M. sanguinea from this region should be re-examined.

Not all specimens of M. sanguinea listed on GenBank even belong to the genus (Lavesque et al. 2019b) but
in most of these studies it appears that no vouchers were deposited or any mention even made of the taxonomic
problems within the complex. So while all species of the M. sanguinea complex superficially look alike,
they may have very different life history traits (Cole et al. 2018), habitat requirements and of course genetic
sequences. [Our reference to the M. sanguinea complex is based on Fauchald (1970) who split the large genus
up into a series of groups, based on the type of chaetae and the proportion of body with branchiae]. As we are
unaware of which species the studies listed by Lavesque et al. (2019b) actually refer to, these studies do not
contribute to our knowledge of M. sanguinea, but only provide fragmentary information about many closely
related species which is not helpful. The situation is even more complex as this group is widely harvested for
bait worldwide. For example, China exports live worms from this species complex to several sites in south
east Asia — but we do not know which species they actually export. The problem is exacerbated when fishers
release live animals into the new habitats (Kilian ef al. 2012) and exotic populations are established. Beyond
doubt these exported bait worms consist of a mixture of species as material described by Liu et al. (2017, 2018)
contained five new species all bought from a single bait collector.

Recent studies have also shown that more than one species of the genus can occur within a locality, each
occurring in a particular habitat. Zanol et al. (2017) found that two species of this complex occurred on the
same mud flat on the Hawkesbury River, NSW and could not be distinguished in the field. This mud flat has
muddy sand interspersed with seagrass, and seems likely that the two species occurred either in the muddy
sand or the seagrass which was often collected in the same sample. A Queensland marine worm identification
guide on the website of Queensland Department of Agriculture and Fisheries (https://www.daf.qld.gov.au/
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business-priorities/fisheries/recreational/marine-worm) also shows that at least three species of this complex
occur in Moreton Bay, Queensland, only one of which is described; the other two will shortly be described
(Glasby pers. comm.). More recently, a species of Marphysa from Japan has been recorded in Arcachon Bay;
it is likely to have been introduced with oysters prior to 1970, probably as egg capsules attached to the live
oysters and until recently undetected and wrongly identified as M. sanguinea. Marphysa victori Lavesque,
Daffe, Bonifacio & Hutchings, 2017 (synonymised with M. bulla Liu, Hutchings & Kupriyanova, 2018) also
occurs in China, so it is unclear whether it was translocated from China to Japan by imports of bait worms and
then accidently transported to France (Lavesque et al. 2020b) via imports of live oysters.

While we have focused on Marphysa sanguinea, there are plenty of other polychaete examples which have
similar problems, such as Thelepus setosus (Quatrefages, 1866), Capitella capitata (Fabricius, 1780), Pista
cristata (Miiller, 1776), and Owenia fusiformis Delle Chiaje, 1844. But there are some polychaete species
which do appear to be “true” cosmopolitan species such as Proscoloplos cygnochaetus Day, 1954, as shown by
Meyer et al. (2008). Another example of “true” cosmopolitan species is Sclerolinum contortum Smirnov, 2000,
which Georgieva et al. (2015) showed to be a bipolar cosmopolitan species. Zhou et al. (2020) also showed
that there is trans-oceanic dispersal of Osedax rubiplumus Rouse, Goffredi & Vrijenhoek 2004, through the
Southern Ocean.

The presence of supposedly widely distributed or cosmopolitan species has also been reported among
many other taxonomic groups such as sponges (Klautau et al. 1999), sea anemones (Monteiro ef al. 1997),
bryozoans (Harmelin et al. 2012), crustaceans (Plagge et al. 2016) and is also present among meiofaunal
groups (Van Steenkiste et al. 2018). This may have led to problems in distinguishing between native and
introduced species.

A way forward

So, how can this situation be improved to ensure that users of taxonomic information are using the most up to
date information? This is essential to ensure that scientific data are actually useful, and contribute to increasing
our knowledge of species and their role in marine ecosystems. For example, in the case of identifying non-
native species, failure to accurately identify the species may lead to costly consequences (Hutchings 2018).
For many polychaetes only one or so species within a genus is invasive (Sun ef al. 2015; Lavesque ef al. 2020
a, b) so it is critical to distinguish between native and non-native species in the genus.

It is going to require a variety of actions by all of us and these are discussed below without necessarily any
ranking.

It is going to be up to us taxonomists when reviewing ecological papers to highlight potential problems
with using names of species described from distant localities and hope that editors will take notice of this. But,
we taxonomists are also part of the problem too, in just repeating previous lists of synonymies without careful
checking. As Hutchings & Kupriyanova (2018) suggested, all species should be regarded as having restricted
distributions unless otherwise proven; such as species introduced by aquaculture, ballast water and hull fouling
for example. Also, as mentioned above there are some examples of “true” cosmopolitan species confirmed by
both molecular and morphological studies (Meyer et al. 20008; Georgieva et al. 2015 and Zhou et al. 2020).

Improved communication between taxonomists and ecologists is critical to improving the accuracy of
identification (Bortolus 2008). Ecologists and other researchers should be encouraged to deposit vouchers at
a museum or other recognised/registered institution, although this must be done in conjunction with museum
collection managers to ensure that such material is adequately labelled with all the necessary information
(e.g. exact location of samples, date, habitat, name of collector and where required details regarding the
necessary permit numbers). But even this may be challenging given the space and staffing limitations of
some museums. In cases where space is limited the researchers should liaise with taxonomists and collection
managers and discuss the importance of lodging material. For example has the material been collected from
an area previously poorly sampled? Or from a group which is known to include invasive species? Certainly
some institutions are unwilling to accept vouchers given their lack of funding. In Australia, voucher collections
from the region are accepted especially if the samples result from collaboration with museum taxonomists to
confirm the identifications. Also permits may require material to be lodged in the relevant state or national
museum, certainly this is true in Australia.
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This lack of resources in many natural history museums was recently highlighted by Bakker et al. (2020)
and they provide a good synthesis of the value of their collections and stress the need for scientists, citizens and
policy makers to give them the proper recognition and ensure those collections are maintained and enhanced.
If this also resulted in additional funding then it would be easier for collections to be updated. At the Australian
Museum, a substantial government grant recently awarded is enabling collections to be digitised, which in part
is a recognition of the value of these collections and to improve their use (PH, pers. comm.).

The value of vouchers was highlighted by a benthic survey of Port Phillip Bay, Victoria, Australia, which
compared the fauna collected in 1995/1996 with those collected in the early 1970’s and lodged in the Museum
of Victoria. This allowed the documentation of newly introduced non-indigenous species from ballast water
and hull fouling as well as correction of some identifications from the earlier survey (Hewitt et al. 2004).

Another action would be for journal editors and reviewers to request that researchers provide details of the
literature they used to identify their animals, or the specialists they used to help them identifying their fauna.
This could be in the form of a “taxonomy best practices checklist” that is on the journal website, which could
include checking to see if there have been revisions to the taxonomy of the group they are working with (e.g.,
as noted in WoRMS).

While this would be helpful in ecological studies, it almost certainly would not be followed by researchers
working on physiology or reproductive studies. For instance one of us (PH) examined a PhD on the reproductive
biology of two species of nereidids and the results were confusing. When asked if vouchers had been deposited,
the supervisor said no but volunteered to collect samples which were then examined and found to contain two
different species in two different genera, making the students’ results meaningless.

Actions for taxonomists

Taxonomists need to produce better illustrated keys to make it easier for non-specialists to identify their
fauna and advertise our willingness to help ecologists and other biologists in checking their identifications.
The present taxonomists must mentor the next generation of taxonomists and try to reverse the decline in
taxonomic expertise which seems to be occurring everywhere (Hutchings 2020). Taxonomists must be willing
to run identification courses especially in locations where the fauna is poorly known and to host students in
their labs. Taxonomists when preparing taxonomic papers must carefully check synonymies and not just repeat
previously published ones, and hopefully the specialist editors of taxonomic journals will also check them.
The World Register of Marine Species (http://www.marinespecies.org) makes this task easier than previously,
although we have found some mistakes do occur. Fortunately, these can be rectified easily by contacting the
different editors and website staff. Reviewers of these papers should also be alerted to these potential problems.
The value of WoRMS and how it is continually update needs to be more widely circulated throughout the
scientific community.

In Australia, all the natural history museums regularly provide updates of their digitized collections to the
Atlas of Living Australia (ala.org.au) and this allows anybody to query the distribution of a species based on
museum records for free. It also includes biodiversity research data from universities and research organisations
and survey data from government departments. This data is made available to international databases.

When we review ecological papers, we must comment on the validity of the identifications, and ask who
identified the fauna, and hopefully the editors will consider these comments and ensure that authors provide
this information either in the paper or at least in the acknowledgements. We must also be willing to give papers
at conferences to spread the word to ecologists and other researchers that correct identification is actually
very important, but we also need to be willing to work with non-taxonomists to help them identify their fauna.
We must also encourage editors to only accept papers where voucher material is associated with sequence
data deposited in Genbank. In the ideal world, GenBank would change its rules only to accept sequences if
associated with vouchers. Certainly in our research when looking for sequences we only use those from labs
where we trust the identifications as done by the relevant experts of that group.

We recognize that making these changes is going to be difficult, but this does not mean that we should
not try to make them. We taxonomists need to be far more engaged in the scientific community, which we
know is going to be difficult given the trend towards decreasing funding for taxonomic research (Hutchings
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2019). So, we really have to better communicate the consequences of failing to correctly identify species
and the importance of a species name and even use this as a leverage to increase funding for taxonomy. A
good summary of the reasons for correctly identifying species is given in the Discovering Biodiversity (2018)
plan that was recently launched in Australia (https://www.science.org.au/files/userfiles/support/reports-and-
plans/2018/taxonomy-decadal-plan-hi-res-v200618.pdf) and now the task is to obtain the funding to actually
implement it and this is work in progress. We suggest that the issues highlighted in this Plan are relevant to all
other parts of the world.

Examples of taxonomic workshops occur in Europe, with taxonomic experts giving both theoretical and
practical courses on a group or family. In UK, benthic invertebrate taxonomic workshops are organised in
the frame of the NE Atlantic Marine Biological Analytical Quality Control Scheme (NMBAQCS). In France,
since 2010, RESOMAR (French marine stations and observatories network) organises each year a one week-
course focused on a specific family with presence of one or two international experts.

Finally as we taxonomists seek better interaction with the rest of the scientific community, we need to
develop resources and tools to facilitate the identification of the biota. We know that sorting and identifying
benthic fauna is time consuming and benthic ecologists and consultants typically have strict time tables
and budgets to complete the identifications and so they refer only to the available literature. So we must
make it easier for them by the development of free online interactive keys, well- illustrated field guides, and
digitization of museum collections which makes it easier to check species distributions. A current project is
underway to provide a key to all groups of marine annelids and species guides to some families (PH, pers.
com.). Similar projects should be developed for other groups of terrestrial and aquatic invertebrates, as the
problems highlighted for polychaetes are not unique. As well we must be willing to work with ecologists and
be involved in planning expeditions to ensure sufficient funding is available for sorting, writing up the data and
incorporating voucher material into museum collections.

Given the urgent need for better communication and cooperation among taxonomists and other biologists,
another very important issue is to ensure that taxonomy is actually taught at Universities. It is critical that those
continuing on to become ecologists, physiologists, managers, molecular biologists etc. actually understand the
role of taxonomy and how it underpins all aspects of biology (Hutchings 2020).
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