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Abstract

The number of described species on the planet is about 1.9 million, with ca. 17,000 new species described annually, mostly
from the tropics. However, taxonomy is usually described as a science in crisis, lacking manpower and funding, a politically
acknowledged problem known as the Taxonomic Impediment. Using data from the Fauna Europaea database and the
Zoological Record, we show that contrary to general belief, developed and heavily-studied parts of the world are important
reservoirs of unknown species. In Europe, new species of multicellular terrestrial and freshwater animals are being
discovered and named at an unprecedented rate: since the 1950s, more than 770 new species are on average described
each year from Europe, which add to the 125,000 terrestrial and freshwater multicellular species already known in this
region. There is no sign of having reached a plateau that would allow for the assessment of the magnitude of European
biodiversity. More remarkably, over 60% of these new species are described by non-professional taxonomists. Amateurs are
recognized as an essential part of the workforce in ecology and astronomy, but the magnitude of non-professional
taxonomist contributions to alpha-taxonomy has not been fully realized until now. Our results stress the importance of
developing a system that better supports and guides this formidable workforce, as we seek to overcome the Taxonomic
Impediment and speed up the process of describing the planetary biodiversity before it is too late.

Citation: Fontaine B, van Achterberg K, Alonso-Zarazaga MA, Araujo R, Asche M, et al. (2012) New Species in the Old World: Europe as a Frontier in Biodiversity
Exploration, a Test Bed for 21st Century Taxonomy. PLoS ONE 7(5): e36881. doi:10.1371/journal.pone.0036881

Editor: Bernd Schierwater, University of Veterinary Medicine Hanover, Germany

Received May 17, 2011; Accepted April 16, 2012; Published May 23, 2012

PLoS ONE | www.plosone.org 1 May 2012 | Volume 7 | Issue 5 | e36881



Copyright: � 2012 Fontaine et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: The Fauna Europaea project was supported by the European Commission under contract no. EVR1-CT-1999-20001. The funders had no role in study design,
data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: fontaine@mnhn.fr

Introduction

The number of described species on Earth is now about 1.9

million [1], with between 16,000 and 18,000 new species described

every year [2]. The frontiers of biodiversity exploration and

discovery are generally considered to be in the tropics [3,4] and if

the actual number of species on the planet is 5–30 million [4], at

the current rate several centuries will be necessary to describe and

name them all. The insufficient availability of taxonomic expertise

and the gaps of knowledge in our taxonomic system represent a

politically acknowledged problem, known as the Taxonomic

Impediment [5]. One of the side effects of the Taxonomic

Impediment, already noticed by several authors [6,7,8], is the

strong imbalance between developed, biodiversity-poor countries

and developing, biodiversity-rich countries. Another characteristic

of taxonomy is that it is one of the rare scientific disciplines where

non-professionals are known to play a role [9,10,11]. However,

this role is underestimated outside the taxonomic community

[12,13], contrary to ecology [14] and astronomy [12], where

amateurs are widely recognized as an essential part of the

workforce.

Europe is one of the better known parts of the world in terms of

biodiversity. As a testimony of this knowledge, the release of the

Fauna Europaea database in 2004 was a landmark for European

taxonomy, encapsulating the efforts of more than 450 taxonomists,

coordinated by the University of Amsterdam, the University of

Copenhagen and the National Museum of Natural History in

Paris [15]. For the first time a comprehensive checklist was created

that provided baseline reference to all the valid species of

multicellular terrestrial and freshwater animals occurring in

geographical Europe.

In this context, the aim of our study was to measure the growth

of the taxonomic inventory of Europe, and to assess the respective

weight of professional and non-professional taxonomists in the

completion of the inventory.

Results and Discussion

At the time of its first release, Fauna Europaea recognized 125,854

species, starting from the publication of Linnaeus’ Systema Naturae

in 1758. Analysis of discovery rates through time showed that,

despite the most formidable geographical concentration of

taxonomic expertise over 250 years, a plateau had still not been

reached in Europe. Three historical segments were recognized in

the discovery curve of the European biota. The slope of each

segment differed and most remarkably, each was significantly

steeper than the previous one (Table 1 and Fig. 1a): today in

Europe, more species are described each year than one century

ago, and over four times more than two centuries ago. The lack of

saturation in the cumulative curve indicated not only that the

inventory of the European fauna was far from complete, but also

that the data did not even permit an estimate of the total number

of species [16]. The regular increase in the number of described

species in Europe is the result of two antagonistic processes. On

one hand, as more species become known it is more difficult to

discover new ones, but on the other, collecting and, especially,

discrimination techniques and tools are becoming more powerful,

efficient and widely available, opening new avenues of species

discovery in supposedly well-known faunas. When different animal

groups were considered separately, discovery patterns varied (Fig.

S1). Not unexpectedly, for some taxa it is increasingly rare to find

new species, even with new discrimination techniques. In birds

(Fig. 1b) and a few other groups such as dragonflies, saturation was

reached several decades ago and the number of known species in

the European fauna remains stable, except for isolated new

discoveries. In other taxa, e.g. beetles (Fig. 1c), other holometab-

olous insects, insects as a whole, but also, perhaps more

unexpectedly, freshwater fishes, the number of described species

has been steadily increasing for more than 100 years. Still other

groups, e.g. mites (Fig. 1d), nematodes and springtails are

experiencing a modern explosion of species descriptions after a

stasis that lasted until the first half of the 20th century. Rates of

descriptions are decreasing for groups such as free-living flatworms

(Fig. 1e) and thrips, suggesting that we are getting closer and closer

to knowing them all. However, to some extent this could reflect the

drying up of taxonomic expertise: if there is no specialist to

recognize new species, we may gain the impression of a saturated

inventory [17]. Indeed, a few groups show temporary plateaus, but

these reflect the temporal variation in availability of a relevant

taxonomic workforce [8] rather than the saturation of species

discovery, as for instance for annelids from the 1930s to the 1950s

(Fig. S1) and neuropterid insects from the 1930s to the 1960s

(Fig. 1f).

As Fauna Europaea only recorded taxa up to 2004, current

taxonomic activity in Europe was assessed with data extracted

from the Zoological Record with reference to terrestrial and

freshwater species. This extraction showed that between 1998

and 2007, 5,881 new species were described from European

countries, i.e. an average of 643.8 new species per year. This figure

was lower than the figure obtained from the Fauna Europaea

database (778.3 n.sp.year21 since 1955 [18]). This discrepancy was

expected since the Zoological Record coverage is considered to be

incomplete, covering ca. 90% of published names, the remaining

being published in sources incompletely scanned by the Zoological

Record [19]. Fauna Europaea coverage is more comprehensive

because it is delivered by taxonomic specialists and includes

species which were described from countries outside Europe, such

Table 1. Growth in European taxonomic inventory summary.

Period Estimates (n.sp.year21) 95% CI

175821821 177.2 170.62183.8

182221954 606.5 604.32608.7

195522004 778.3 768.72787.9

Results of the segmented model fitted to the Fauna Europaea dataset: for each
historical segment, estimates of the number of new species described per year
and 95% confidence interval.
doi:10.1371/journal.pone.0036881.t001
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as from North Africa and North America, and subsequently

discovered in Europe. The taxonomic composition of species

described in 1998–2007 is shown in Fig. 2: 4,287 (72.9%) of the

new species were Hexapoda, and the mega-diverse insect orders

Diptera, Lepidoptera, Hymenoptera and Coleoptera taken

together represented 63.3% of all the new species. After insects,

arachnids were the second major taxon in terms of contributing

numbers of new species in Europe. However, while newly named

species represent the most visible part of taxonomy, revisions

constitute another necessary aspect of this discipline as they allow

taxa to be better characterized and reduce the number of

unwarranted nominal species arising from taxonomic inflation

[20]. Quite frequently, revisions lead to synonymization of

nominal species, sometimes long after their original description

[21]. In the European fauna, during the same time span (1998–

2007), 1,998 species had been placed in synonymy, i.e. the net

increase of the species inventory was 4,093 species.

We defined two groups of taxonomists, according to their

professional status (see details in Material and Methods):

N Professional taxonomists: people paid to do taxonomy, either

having a formal position in taxonomy, or students;

N Non-professional taxonomists: people who do not hold a

position in which they are remunerated for performing

taxonomy, i.e. amateurs in the broad sense and retired

professionals.

This professional status was assessed for 1,000 unique authors

(out of 1,323) who described new species in 1998–2007: 42.8%

were professional taxonomists, (taxonomists with formal taxo-

nomic positions: 41.2%; students: 1.6%). The others were non-

professional: retired professional taxonomists (10.5%) and ama-

teurs in the broad sense (46.7%). However, professional

taxonomists described only 37.8% of the new species in the

study period, i.e. non-professional taxonomists described propor-

tionally more than those in formal taxonomic positions. Contrary

to a common belief outside the taxonomic community, non-

professional taxonomists do not focus only on charismatic groups:

during the study period, they have described 52.7% of the new

Diptera species and 26.7% of the new mite species (Fig. 2).

Similarly, these non-professionals are fully involved in revisionary

work: among the 1,186 species placed in synonymy in the study

period and for which the professional status of the synonymising

author was known, 46% were placed in synonymy by paid

professional taxonomists.

Results similar to those based on European terrestrial and

freshwater multicellular animals may not be obtained for other

branches of the tree of life or in other parts of the world. For

instance, unicellular species are today probably only described by

taxonomists having access to sophisticated laboratory equipment,

therefore eliminating non-professional taxonomists. However, this

has not always been the case, as shown by the case of Alfred Kahl,

a non-professional ciliatologist who described 17 new ciliate

families, 57 new genera and ca. 700 new species in the first half of

the 20th century [22]. Similarly, deep-sea species can only be

collected by academic teams using expensive boats or submers-

ibles. But even in this case, non-professional taxonomists have

their share in the description of collected marine species, as is

known for instance for mollusks [10]. However, we do not know

the importance of their contribution, for instance for marine

crustaceans, nematodes or fish. Similarly, the weight of amateurs is

probably more important in Europe, North America and Australia

than in emerging countries which are very active in taxonomy,

such as China or Brazil: this should be tested when data are

available. For plants, non-professionals play a role in species

description, especially in charismatic groups such as orchids and

Figure 1. Growth of the European taxonomic inventory. Cumulative number of valid species of European terrestrial and freshwater
multicellular species since Linnaeus. A: All species. B: Birds, a virtually completely inventoried compartment of European biodiversity. C: Coleoptera,
where the number of valid species has steadily increased and shows no sign of levelling. D: Acari, which remained neglected for two centuries, and
are now exhibiting a high discovery rate. E: Platyhelminthes, where the impression of a saturated inventory could be due to a current lack of
taxonomic workforce. F: Neuropterida orders, for which the rate of description is erratic and reflects bursts of activity by a handful of taxonomists.
doi:10.1371/journal.pone.0036881.g001
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cacti which focus the attention of many garden clubs and

collectors. However, no published data seem to be available to

measure their contribution.

Bearing in mind that our results indicate that it is not yet

possible to reliably quantify the number of undiscovered species in

Europe [18], taxonomy as a scientific discipline should be

strengthened if we truly intend to document biodiversity and

produce the tools needed for its conservation and sustainable use.

Even in Linnaeus’ own continent, narrow-range endemics and

other rare species, such as habitat specialists, remain only partially

documented, despite the obvious consequences in terms of

conservation [23]. Legal restrictions on specimen sampling [24],

inadequate funding [25] and poor recognition of taxonomic work

through bibliometry [26] are known to hamper taxonomy. This

discipline is in crisis where institutional support is concerned:

funding is lacking for recruitment and training, and taxonomy

positions in academic institutions are being replaced by positions

dealing with ecology or conservation, and taxonomy in general

loses weight in curricula. Taxonomy is usually downgraded by

decision-makers, who think that the inventory of European

biodiversity was completed at the end of the 19th century.

However, paradoxically, taxonomy as a science is more dynamic

than ever for several reasons: interest in and access to new

ecological niches (e.g. deep caves, river underflows, interstitial

layer between rock and soil, high-altitude ice-cracked rocks, glacial

cryoconite holes or anchialine caves); increasing numbers of active

taxonomists [27]; use of new techniques (molecular techniques of

course, but other techniques as well such as sonograms for insects

or bats, x-ray microtomography of amber fossils and arthropod

skeleto-muscular anatomy).

However, several factors are limiting productivity in taxonomy.

The first, raised during Fauna Europaea regional and thematic

validation workshops, is the absence of an effective policy-

supported business plan to achieve a complete inventory of

biodiversity at the European level, and even at a national level

(with the exception of Sweden and its Swedish Taxonomy Initiative

and Spain with Fauna Ibérica). There are numerous global, regional

and national initiatives to collate existing knowledge into

taxonomic databases and provide access to this knowledge through

web-based portals (e.g. Catalogue of Life, the Pan-European

Species Directories Infrastructure, the World Register of Marine

Species and the Freshwater Animal Diversity Assessment, to name

a few). In contrast, initiatives such as the Census of Marine Life,

that set themselves the task of exploring the unknown and

undocumented, are much less numerous and less well-supported

[28]. In Europe, the 5th to 7th Framework Programs for Research

and Technological Development have provided important funding

to structure and manage taxonomic information at the European

level, with projects such as Fauna Europaea and the European Register

of Marine Species, but there is no coordinated European funding to

explore biodiversity and produce taxonomic information. For

European decision-makers, European biodiversity appears to be

fully known and the main remaining task is to organize existing

data. The situation is different in the United States, where the NSF

program Planetary Biodiversity Inventories aim at funding

‘‘research and collecting activities that are designed to discover

and document the biological species diversity of all forms of life on

Earth’’. Similarly, the Australian Biological Resources Study

program funds the production of knowledge on the biota of

Australia. European funded programs to explore and document

specific taxa or limited areas exist and are appreciated, but there is

Figure 2. Current descriptions of new species in Europe. New species described from Europe in 1998–2007, expressed as percentages of the
total of 5,881 species. Taxa representing less than 1% of the total are grouped. For each taxon, the percentages described by non-professional
taxonomists (red), professional taxonomists (blue) and taxonomists whose status was unknown (grey) are indicated in histograms. Y-axis range on all
histograms is 0–70%.
doi:10.1371/journal.pone.0036881.g002
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an urgent need for a comprehensive strategy for all of Europe,

which should preferably target speciose and non-charismatic

groups such as mites, rove beetles and nematodes, not to mention

protists [29].

A second limiting factor preventing the completion of an

inventory of European biodiversity is the non-availability of

taxonomists, just as in the tropics. Professional taxonomists are

not numerous enough, and they cannot spend all their time on

species descriptions, as they also have to deal with administrative

tasks, fund-raising and teaching. The attrition of the taxonomic

workforce has been mourned in numerous position papers and

blueprints [9,30], but rather than lament this state of affairs, we

suggest that more attention should be given to ways of enhancing

the scientific production of non-professional experts. Increasing

access to cyber-infrastructures such as digitized literature, images

of type specimens and nomenclatural databases benefits all

taxonomists, regardless of their status: non-professionals have

access to a wealth of taxonomic information. But to enhance

their efficiency, it is also important to find ways of making

literature of limited distribution more accessible online, to

encourage them to publish their results in peer-reviewed

journals, and to prompt deposition of types in public institutions.

We also believe that All Taxa Biodiversity Inventories [31] and

other large-scale inventory programs with defined and coordi-

nated objectives can provide a framework within which non-

professionals should be integrated. Several other recommenda-

tions have been made [11], e.g. facilitating specimen loans from

academic collections, helping with collecting and research

permits or providing educational opportunities on new proce-

dures and techniques.

Rising molecular techniques (e.g. barcoding), which are

becoming an essential component of high-standard systematics,

are another important issue in this context. They are largely

outside the scope of the non-professional experts due to expense.

Moreover, despite the democratization of sequencing, it is not a

panacea, as interpretation of sequences is non trivial. Being able

to interpret sequences implies academic training, which some of

the non-professionals do not have. But expertise of highly

proficient non-professional experts is needed to put names on

specimens which are tested with molecular techniques. These

experts should not be seen as second-class taxonomists: skills

needed to generate high-standard morphological data are no

more trivial than those needed to correctly interpret molecular

data, as they imply testing a whole series of detailed hypotheses

beginning with homology concepts and following through to

hypotheses of synapomorphy, and understanding the abilities

and limitations of the various theoretical criteria by which

homology and homoplasy may be teased apart. This given, the

challenge is to avoid a splitting of taxonomy in two parts:

taxonomy based on molecular approaches only on one side,

producing new concepts and hypotheses (i.e. phylogenetic trees),

but which does not necessary lead to new species descriptions,

and more traditional taxonomy, based solely on morphology,

which is the only one accessible to amateurs in the traditional

sense. Integrative taxonomy, including several tools ranging from

morphology to molecular techniques, is unrealistic in many

cases; therefore, we need both approaches, integrative and

traditional, at an equally high standard, i.e. performed by

educated and trained taxonomists.

Networks linking paid professionals and non-professional

taxonomists could be developed to facilitate more efficient

combination of molecular methodologies with alpha taxonomy.

Such enhanced cooperation between molecular-oriented profes-

sionals and morphology-oriented taxonomists could be organized

through small grants (e.g. the SynTax grants jointly administered

by the Linnean Society and Systematics Association), or by

systematically incorporating taxonomic specialists (professionals

or non-professionals) within larger more encompassing grants.

This type of cooperation is already seen in astronomy, where

access to high standard technology for amateurs has triggered a

new era in the collaboration with professionals [12]. Non-

professional astronomers who now use state of the art equipment

are organized in networks, hold research grants and take part in

large-scale projects in collaboration with professionals, a situation

which has opened fruitful fields of research and should be

transposed into taxonomy. An example of these collaborative

efforts is found with the program Sphingidae Barcode of Life, where

87% of the 1,470 world hawkmoth species have already been

barcoded. The barcoding is performed at the Biodiversity

Institute of Ontario (University of Guelph, Canada), but the

specimens are provided and identified by a team of taxonomists

including several non-professional experts. One of the two co-

chairs of the program is an amateur, and only two out of the ten

associated ‘‘sphingid expert taxonomists’’ have an academic

position related to taxonomy [32].

However, good, traditional taxonomy should not be sold for a

partnership in molecular studies. The most essential contribution

of non-professionals is their broad, deep, long-term experience

with their group, which is more than just a plausibility-control for

the molecular analyses based on putting names on specimens. For

instance, rare species are a widespread characteristic of biodiver-

sity, and biodiversity surveys yield an important proportion of

singletons (species represented by only one specimen) and uniques

(species collected on only one locality) [33,34]. Despite the fact

that the concept of rarity has not been integrated by molecular

systematic techniques, it has been shown that as much as 17% of

new species described are based on singletons [35]. This practice

has been criticized [36], but it is nevertheless unavoidable if we

aim at describing rare species. This situation leaves room for

traditional, morphology-oriented taxonomists, often non-profes-

sionals, who describe species that cannot be dealt with by

molecular techniques.

Doing taxonomy implies being able to analyze and interpret

complex data on a wide range of subjects, from morphology to

molecular sequences, in an accurate, explicit, and testable way

with sophisticated tools. In particular, collecting comparative

morphology data is not trivial, and needs as much specific

training as molecular taxonomy. However, professional status is

not necessarily linked with the level of taxonomic skills needed to

do comparative morphology and to produce sound revisionary

studies: many non-professional taxonomists have a relevant PhD

and continue doing taxonomy during their spare time while

holding a position in a different branch of activities, e.g.

biomedical industry, informatics, ecology or editorial work. With

proper training, working on a voluntary basis does not imply

second-class taxonomy. If the largest part of the work of non-

professionals concerns alpha taxonomy, which is a precondition

for comparative morphology, these non-professional experts can

reach a high standard of excellence, and may produce

information about biological complexity (anatomy, ecology,

behaviour, phenology) of great evolutionary and environmental

interest and which does not depend upon using molecular

techniques. Involving non-professionals does not mean that

taxonomy will deliver lower quality results to increase its

productivity, but rather that the professional taxonomist com-

munity ensures that the non-professional colleagues are properly

trained when needed.
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The results presented in this paper are common knowledge of

the taxonomic community, but have rarely, if ever, been

quantitatively assessed. Moreover, they have been completely

ignored outside the taxonomic community. In particular, decision-

makers and experts in commissions, panels and boards where

funding is allocated to research fields, who are rarely taxonomists,

may not realize that European biodiversity is by no means a

completed task but rather a frontier of exploration. This probably

accounts for the fact that most European countries and

organizations allocate more funds to organize and analyze already

existing taxonomic information than to biodiversity exploration. It

is thus important that our results reach a large audience outside

the taxonomic community. However, the importance of the non-

professional workforce could be poorly interpreted. Among

tenured professionals, its weight can be underestimated, as they

consider it as a danger for the discipline: a large non-professional

workforce, working for free, could carry the wrong message to

decision-makers that taxonomy does not need funding. This

danger should not be underestimated, and taxonomists should

advocate the better integration of non-professionals in their

community. Non-professional taxonomists, who cannot resist

doing descriptive work on their favorite group during their free

time – they simply love it -, will always be there, with or without

incentive from the professionals. It is an opportunity to strengthen

this discipline, and efforts should be made to take advantage of this

situation.

Materials and Methods

We refer to Europe as a geographical entity, extending from the

Ural Mountains to the Macaronesian islands, as defined for Fauna

Europaea [15].

The Fauna Europaea database as of January 2005 was used to

measure the growth of taxonomic discovery in Europe from 1758

to 2004. Only valid species were considered. Dates of publication

of species names were used to calculate cumulative numbers of

valid species, in order to show the increase due to genuine species

discoveries and not to changes in species concept.

The analysis of current trends (1998–2007) is based on a dataset

extracted from the Zoological Record, with the keywords ‘‘sp. nov.’’,

‘‘syn. nov.’’ and European country names. From this dataset, we

excluded marine species, unicellular organisms, fossils, and taxa

from the Asiatic parts of Russia and Turkey, as being outside the

remit of this paper. Taxa described in 2007 were not included in

the average number of new species per year, because they were

still incompletely captured in the Zoological Record when the

research was performed in 2009.

The professional status of authors having described European

species in 1998–2007 was assessed by Fauna Europaea Group

Coordinators. The relevant Group Coordinator was asked to

assign the first authors to one of four categories: professional

taxonomists (a scientist who gets a salary primarily for taxonomic

work), students, retired professional taxonomists, volunteer taxon-

omist (i.e. unpaid taxonomist, getting his/her income from any

other source, academic or not, i.e. amateur in conventional

terminology – this does not carry any judgment on the quality

of the work done). We then classified taxonomists based on

whether or not they get their income from doing taxonomy. This

income-based categorization gives two types of taxonomists:

N Professional taxonomists, who are paid to do taxonomy: those

having a formal taxonomic position in a research facility for

instance, and students who benefit from grants to become

professional taxonomists. An academic researcher dividing

his or her working time between research on conservation

biology (or other non-taxonomic biological discipline) and

taxonomy would be categorized as a professional taxonomist,

as long as taxonomy is not incidental in his or her official

position;

N Non-professional taxonomists, who do taxonomy on a

volunteer basis: this include amateurs in the broad sense, i.e.

people who do taxonomy for pleasure, during their spare time,

and get their income from other occupations. Among these

amateurs are people who followed curricula in taxonomy but

did not get a position in this discipline. Retired taxonomists,

who are often very active, are also included in this category

because they do not rely on doing taxonomy to get their

income.

We acknowledge the fact that the status of non-financed

Master/PhD candidates is in-between, as they are not paid but are

nevertheless assigned to the ‘‘professional taxonomists’’ category.

However, students (financed and non-financed) represent 1.6% of

authors only, and trends and conclusions would not be signifi-

cantly affected by an attribution of non-financed students to one or

the other category.

If the author was not known by the relevant Group

Coordinator, and if no conclusive information could be found

from other sources such as personal webpages or addresses given

in recent publications, the author was discarded from the analysis.

As a result, out of 1,323 different authors, the status of 323 could

not be clarified.

Testing of the variation in species description rates was carried

out in two steps. First, the existence of breaking points in the

relationships between cumulative numbers of species and year of

description was tested with Davies’ test [37], and secondly a

segmented model [38] was fitted to the dataset using R Package

segmented version 0.2–7.

Supporting Information

Figure S1 Cumulative number of valid species of
terrestrial and freshwater multicellular animals record-
ed in Europe. Numbers of valid species described since Linnaeus

(1758) are plotted against the description year for selected phyla,

major classes and major insect orders. These groups are not of

equivalent taxonomic rank but were divided as such to

demonstrate occasional opposing trends within representative

taxa.

(TIF)

Acknowledgments

We thank Melina Verbeek, Fedor Steeman and Claire Basire (Fauna

Europaea Project Bureau), and Anastasios Legakis, Trudy Brannan and

Alfonso Navas Sanchez (Fauna Europaea Steering Committee) for their

assistance in the implementation of the Fauna Europaea project. Three

anonymous reviewers made constructive comments on the manuscript.

Author Contributions

Conceived and designed the experiments: BF PB. Performed the

experiments: BF. Analyzed the data: BF CF. Contributed reagents/

materials/analysis tools: KVA MAAZ RA MA HA UA PA BA NB MB RB

CB WB GB DB PC LD AD HE RF MSGL DG MH KGH PVH HH YDJ

OK WL WM JM SMI LM EM VM AM JNN EVN TP WDP MR C.

Ricci C. Roselaar ER HS TT JVT. Wrote the paper: BF. Designed

database used in analyses: OG.

State of European Taxonomy

PLoS ONE | www.plosone.org 6 May 2012 | Volume 7 | Issue 5 | e36881



References

1. Chapman AD (2009) Numbers of Living Species in Australia and the World,
2nd Edition. Canberra: Australian Government, Department of the Environ-

ment, Water, Heritage, and the Arts. 84 p.
2. Anonymous (2010) SOS - State of Observed Species. Tempe: Arizona State

Univ. 10 p.
3. Reaka-Kudla ML (1997) The global biodiversity of coral reefs: a comparison

with rain forests. In: Reaka-Kudla ML, Wilson D, Wilson EO, eds. Biodiversity

II. Washington, D.C.: Joseph Henry Press. pp 83–108.
4. Mace G, Masundire H, Baillie J (2005) Chapter 4: Biodiversity. In: Hassan R,

Scholes R, Ash N, eds. Ecosystems and Human Well-being: Current State and
Trends. Washington, Covelo, London: Island Press. pp 77–122.

5. SCBD (2010) What is the Problem? The Taxonomic Impediment. Available:

http://www.cbd.int/gti/problem.shtml. Accessed 2010 Sep 20.
6. New TR (1995) An introduction to invertebrate conservation biology. Oxford,

New York, Mellbourne: Oxford University Press. 194 p.
7. Green SV (1998) The taxonomic impediment in orthopteran research and

conservation. J Insect Conserv 2: 151–159.

8. Gaston KJ, May RM (1992) Taxonomy of taxonomists. Nature 356: 281–282.
9. Hopkins GW, Freckleton RP (2002) Declines in the numbers of amateur and

professional taxonomists: implications for conservation. Anim Conserv 5:
245–249.

10. Bouchet P (1997) Inventorying the molluscan diversity of the world: what is our
rate of Progress? The Veliger 40 1–11.

11. Pearson DL, Hamilton AL, Erwin TL (2011) Recovery Plan for the Endangered

Taxonomy Profession. BioScience 61: 58–63.
12. Bohannon J (2007) Astronomy - Tooled-up amateurs are joining forces with the

professionals. Science 318: 192–193.
13. Morchio R (2000) From astronomy to biology: Could amateurs have a role in

research? Riv Biol/Biol Forum 93: 373–375.

14. Schmeller DS, Henry P-Y, Julliard R, Clobert J, Gruber B, et al. (2009)
Advantages of volunteer-based biodiversity monitoring in Europe. Conserv Biol

23: 307–316.
15. Fauna Europaea (2004) Fauna Europaea database. Available: http://www.

faunaeur.org/Accessed 10 January 2005.
16. Bebber BP, Marriott FHC, Gaston KJ, Harris SA, Scotland RW (2007)

Predicting unknown species numbers using discovery curves. Proc R Soc Lond,

Ser B: Biol Sci 274: 1651–1658.
17. May RM (2004) Tomorrow’s taxonomy: collecting new species in the field will

remain the rate-limiting step. Philos Trans R Soc Lond, Ser B: Biol Sci 359:
733–734.

18. Fontaine B, Van Achterberg K, Alonso-Zarazaga MA, Araujo R, Asche M, et al

(2010) European bounty for taxonomists. Nature 468: 377.

19. Bouchet P (1999) Recording and registration of new scientific names: a
simulation of the mechanism proposed (but not adopted) for the International

Code of Zoological Nomenclature. Bull Zool Nomencl 56: 6–15.
20. Isaac NJB, Mallet J, Mace GM (2004) Taxonomic inflation: its influence on

macroecology and conservation. Trends Ecol Evol 19: 464–469.
21. May RM, Nee S (1995) The species alias problem. Nature 378: 447–448.

22. Foissner W, Wenzel F (2004) Life and Legacy of an Outstanding Ciliate

Taxonomist, Alfred Kahl (1877–1946), Including a Facsimile of his Forgotten
Monograph from 1943. Acta Protozool 43: 3–69.

23. Fontaine B, Bouchet P, Van Achterberg K, Alonso-Zarazaga MA, Araujo R, et
al. (2007) The European union’s 2010 target: Putting rare species in focus. Biol

Conserv 139: 167–185.

24. Martinez S, Biber-Klemm S (2010) Scientists –take action for access to
biodiversity. Curr Opin Envir Sust 2: 1–7.

25. Wheeler QD (2004) Taxonomic triage and the poverty of phylogeny. Philos
Trans R Soc Lond, Ser B: Biol Sci 359: 571–583.

26. Minelli A (2003) The status of taxonomic literature. Trends Ecol Evol 18: 75–76.

27. Joppa LN, Roberts DL, Pimm SL (2011) The population ecology and social
behaviour of taxonomists. Trends Ecol Evol 26: 551–553.

28. Boero F (2010) The study of species in the era of biodiversity: A tale of stupidity.
Diversity 2: 115–126.

29. Cotterill FPD, Foissner W (2010) A pervasive denigration of natural history
misconstrues how biodiversity inventories and taxonomy underpin scientific

knowledge. Biodivers Conserv 19: 291–303.

30. Agnarsson I, Kuntner M (2007) Taxonomy in a changing world: seeking
solutions for a science in crisis. Syst Biol 56: 531–539.

31. EDIT (2010) EDIT WP7: Applying Taxonomy to Conservation. Available:
http://www.atbi.eu/wp7/. Accessed 2010 Sep 12.

32. IBOL (2009) Lepidoptera Barcode of Life: Sphingidae. Available: http://www.

lepbarcoding.org/sphingidae/all_participants.php. Accessed 2011 Aug 15.
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