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The widespread view of taxonomy as an essentially
retrogressive and outmoded science unable to cope
with the current biodiversity crisis stimulated us to
analyze the current status of cataloguing global algal
diversity. Contrary to this largely pessimistic belief,
species description rates of algae through time and
trends in the number of active taxonomists, as revealed
by the web resource AlgaeBase, show a much more
positive picture. More species than ever before are
being described by a large community of algal
taxonomists. The lack of any decline in the rate at
which new species and genera are described, however,
is indicative of the large proportion of undiscovered
diversity and bears heavily on any prediction of global
algal species diversity and the time needed to catalogue
it. The saturation of accumulation curves of higher
taxa (family, order, and classes) on the other hand
suggest that at these taxonomic levels most diversity
has been discovered. This reasonably positive picture
does not imply that algal taxonomy does not face
serious challenges in the near future. The observed
levels of cryptic diversity in algae, combined with the
shift in methods used to characterize them, have
resulted in a rampant uncertainty about the status of
many older species. As a consequence, there is a
tendency in phycology to move gradually away from
traditional names to a more informal system whereby
clade-, specimen- or strain-based identifiers are used to
communicate biological information. Whether these
informal names for species-level clades represent a
temporary situation stimulated by the lag between

species discovery and formal description, or an
incipient alternative or parallel taxonomy, will be
largely determined by how well we manage to integrate
historical collections into modern taxonomic research.
Additionally, there is a pressing need for a consensus
about the organizational framework to manage the
information about algal species names. An eventual
strategy should preferably come out of an international
working group that includes the various databases
as well as the various phycological societies. In this
strategy, phycologists should link up to major
international initiatives that are currently being
developed, such as the compulsory registration of
taxonomic and nomenclatural acts and the
introduction of Life Science Identifiers.
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… if our rates of discovery continue at the present
pace, we should have a definitive total for insects in
a little over fifteen thousand years. The rest … may
take a little longer – B. Bryson (2003).

Long before Carl von Linn�e (1707–1778), the
instigator and popularizer of modern nomenclature
and taxonomy, mankind showed a propensity to
document, describe, and catalogue all the living
things on our planet (Godfray and Knapp 2004).
The practice of giving names to organisms, probably
born out of necessity among hunter-gatherer socie-
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ties and later a privileged pastime of the rich, has
transformed itself over the years into a modern sci-
ence embracing the principles of evolutionary biol-
ogy as well as revolutionary innovations on multiple
technological fronts (Goldstein and DeSalle 2011).
The importance of describing and naming species
(alpha taxonomy) transcends the mere cataloguing
of diversity. Clearly, it is an enabling discipline,
delivering basic and indispensable knowledge for
many fields of human interest and underpinning a
host of scientific research, including biodiversity
conservation, understanding of ecosystem services,
documenting climate change, and ecological model-
ing. As a central tenet, and virtually unchallenged
for over 250 years, taxonomy makes use of a rank-
based classification system whereby Linnaean bino-
mials serve as anchors for biological information
about a species, including its taxonomic affinities,
morphology, distribution, and ecological role.

The task of discovering and documenting biodi-
versity has been given an increased sense of
urgency now that anthropogenic impacts are dra-
matically altering the biota of the Earth (Cardinale
et al. 2012), with current extinction rates now as
high as 27,000 of the known species per annum
(Wilson 1992, Maddison et al. 2012). However, the
general perception persists that taxonomy is a sci-
ence in crisis, and a discipline that suffers from a
lack of prestige and resources (Wheeler 2004, Bo-
ero 2010). The magnitude of biological diversity
seems so overwhelming and the discovery and
description of new species proceeds at such a slow
pace (6,000–18,000 species of eukaryotes per year;
Mora et al. 2011) that millennia of basic descrip-
tive taxonomy seem to await us before alpha taxon-
omy reaches its goal. The inadequate pace of
taxonomy has resulted in several proposals (and
the inevitably accompanying contentious debates)
aimed at making the process of describing species
more efficient (e.g., Tautz et al. 2003, Godfray
et al. 2007, Wheeler 2008, Clark et al. 2009, Smith
et al. 2009, Patterson et al. 2010, Deans et al. 2012,
Maddison et al. 2012).

Contrary to the widespread pessimistic view of tax-
onomy as an essentially retrogressive and outmoded
science unable to cope with the current biodiversity
crisis (Goldstein and DeSalle 2011), a much more
optimistic view was presented by Joppa et al. (2011).
These authors analyzed rates of species descriptions
for a number of animal and plant taxa and con-
cluded that, contrary to the generally accepted view,
both the rates of species description and the num-
ber of taxonomists have increased exponentially
since the 1950s. Interestingly, they also noted a
marked decline in the number of species described
per taxonomist, something that they attribute to the
increasing difficulty of finding new species in an
ever-declining “missing-species pool.” This perceived
decline has been attributed to the choice of test
cases (flowering plants, cone snails, spiders, amphib-

ians, birds, and mammals), representing well stud-
ied and taxonomist-rich groups (Bacher 2012,
Samyn and De Clerck 2012). Applying a much
broader taxon sampling, Costello et al. (2012) con-
firmed the existence of a greater taxonomic effort
as reported by Joppa et al. (2011); however, the rate
of species description was shown to be virtually
linear from the mid-19th century onward with no
evidence of decrease or, indeed, increase.
In this context, the questions of how we are doing

as algal taxonomists and what the status of descrip-
tive algal taxonomy is, are relevant to ask. Does a
daunting task await phycologists with the prospect
of several hundreds or even thousands of years of
alpha taxonomy at the present pace or could the
remaining algal diversity perhaps be described at
the current rate within the next century? Answering
this question requires accurate estimates of the total
number of algal species, the number of species
already described and the rate at which species are
currently being described. Until recently, a lack of
primary data on algal species descriptions, the num-
ber of currently accepted names and synonyms lar-
gely prevented any quantitative analysis of algal
diversity and trends in descriptive taxonomy. Today,
information on algal diversity and taxonomy is avail-
able in a number of online databases, each with
their own focus and limitations. The Index Nominum
Algarum (INA; Silva and Moe 1999) is a nomencla-
tor, a high-quality compendium of all algal names,
their original places of publication, and type informa-
tion; but INA generally offers no information on
accepted names and taxonomic synonyms. AlgaTerra
(Jahn and Kusber 2012) and the on-line Catalogue of
Diatom Names at the California Academy of Sciences
(Fourtanier and Kociolek 2012) integrate nomencla-
tural information on terrestrial and freshwater microal-
gae, and diatoms, respectively, but are limited in
their taxonomic information. AlgaeBase (Guiry and
Guiry 2012) databases taxonomic, nomenclatural,
bibliographic, and biogeographical information on
micro-algae and macroalgae from marine as well as
freshwater and terrestrial environments on a worldwide
basis. Even though AlgaeBase is a work in progress
(Guiry 2012), it does not have the taxonomic limita-
tions of the other algal databases. We have therefore
used AlgaeBase as a primary source of data to generate
a set of metrics enabling us to evaluate the current state
of algal taxonomy.
Here, we analyze the rates of species description

through time as well as trends in the number of
algal taxonomists and evaluate the progress of algal
taxonomy in the light of recent estimates of global
algal diversity (Appendix S1, see Supporting Infor-
mation for technical details). In addition, we discuss
general trends in species discovery, contrast these
with species description rates, highlight important
challenges that algal taxonomy is facing and make
recommendations toward future taxonomic prac-
tices.
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ALGAL DIVERSITY AND TAXONOMIC EFFORT

The rate at which new algal species are described
provides a direct measure of taxonomic effort in the
phycological community. Additionally, growth in the
cumulative numbers of described species may pro-
vide an indication of the global species diversity. A
cumulative curve of algal species descriptions
through time (Fig. 1), based on more than 32,000
species names in AlgaeBase of the estimated 44,000
described to date (Guiry 2012), shows no sign of lev-
eling off. Description rates of currently recognized
species show an initial lag phase, during which rela-
tively few species were described (from 1753 to
about 1850), followed by an era of high taxonomic
effort that persists until the present day. Unlike
well-known groups in which rates decrease as fewer
species remain to be described such as the birds,
mammals, and higher plants (Costello and Wilson
2011, Joppa et al. 2011), there is no evidence for a
decrease in the description rates of algal species.
Although the yearly number of descriptions shows
considerable variation through time, there is a grad-
ual overall increase of the description rate over time
(Fig. 2). Temporal variation in description rates
reveals an erratic pattern that can best be explained
as a combination of global events (e.g., World Wars
I & II) combined with a disproportionate taxonomic
output by a few individuals (Table 1). Taxonomic
effort was relatively low during most of the 1960s,
1970s, and 1980s, but picked up again at the end of
the century. This increase of species descriptions
coincides with and might be the result of an
increased use of molecular sequence data in system-
atics. However, this trend is not persisting as evi-
denced by the lower description rates since the turn
of the millennium.

The number of taxa that are currently regarded
as synonyms is about half the number of currently
recognized species and an additional 20,000 species
names are flagged as uncertain in AlgaeBase
(Fig. 1). Although some of these names are

undoubtedly invalid or illegitimate, or published in
obscure or poorly known sources, most of these
names represent taxa the current status of which is
difficult to assess. Note that we use the terms invalid
and illegitimate in the sense of the International Code
of Nomenclature for Algae, Fungi and Plants (Mcneill
et al. 2012). In zoology the term “valid name” is
often used to denote a currently recognized name,
as opposed to a synonym (see for example, Appel-
tans et al. 2012). The sheer number of these names,
however, is daunting. From the mid-19th until the
mid-20th century the number of species with uncer-
tain status is of the same order of magnitude and
often surpasses the currently accepted species as
well as the synonyms (Fig. 2). In other words, there
is considerable uncertainty regarding the taxonomic
status of a large number of algal species names. This
uncertainty on the status of a large part of the
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FIG. 1. Cumulative number of currently recognized algal spe-
cies, taxonomic synonyms and taxa of uncertain taxonomic status
described over time. Extracted from AlgaeBase.
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FIG. 2. Description of algal species per year. Currently recog-
nized species, taxonomic synonyms and species flagged as “uncer-
tain” are presented as a 5-year moving average. A trend line
depicts the gradual increase in description rate.

TABLE 1. A preliminary list, extracted from AlgaeBase, of
algal taxonomists that have described more than 1,000
species.

Author Nationality
Main
group

No.
species

Friedrich Traugott K€utzing
(1807–1893)

German All 2,636

Christian Gottfried
Ehrenberg (1795–1876)

German Microalgae 2,055

Albert Grunow [Grunov]
(1826–1914)

German All 1,251

Friedrich Hustedt
(1886–1968)

German Diatoms 1,219

Horst Lange-Bertalot
(1936–present)

German Diatoms 1,145

Jacob Georg Agardh
(1813–1901)

Swedish Seaweeds 1,144

Boris Vassilievich Skvortsov
[Cквopцoв] (1890–1980)

Russian Microalgae 1,073

William Henry Harvey
(1811–1866)

Irish Seaweeds 1,061
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described species was fittingly illustrated in a recent
study by Thessen et al. (2012) on the dinoflagellate
genus Gymnodinium in which 38% of 236 extant spe-
cies was only known from the original description.
As the authors pointed out, these singletons seri-
ously limit our current understanding of biodiver-
sity. They may be validly described species that are
members of a rare biosphere. Alternatively, they
may reflect that taxonomic practices are too poor to
allow the organism to be re-identified or that the
descriptions are not known to other researchers. In
many groups, particularly in green microalgae and
diatoms, the existence of large numbers of varieties
and forms may indicate many undescribed species,
or it may mean that the characters upon which
these infraspecific taxa are based are relatively
minor variants not worthy of consideration at the
species level.

The temporal accumulation of taxa of higher tax-
onomic levels is depicted in Figure 3A–E. For these
graphs, the description of the earliest species
belonging to the higher taxon was used as the date

of discovery of that particular taxon. The discovery
date of a taxon may therefore predate the actual
description of the taxon by several decades. For
example, the class Mamiellophyceae was described
as recently as 2010 (Marin and Melkonian 2010),
but the oldest species assigned to it, Monomastix opis-
thostigma Scherfell, dated from 1912 (Scherffel
1912). Taxa of all but one of the currently recog-
nized phyla, the Chlorarachniophyta being an
exception, were discovered prior to 1850. The accu-
mulation of classes, orders, and families reveals a
remarkably similar pattern, with a more or less
linear discovery rate in the 19th century, gradually
leveling off in the 20th century. It is interesting
to note that the accumulation curve of classes
lags behind those of orders and families since 1900
(Fig. S1, in the Supporting Information). In our
opinion, this illustrates appropriately how the deep
divergences that separate many algal groups have
only become appreciated very slowly, coinciding
with advances in culture techniques, analytical bio-
chemistry (e.g., pigment and storage-compound
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FIG. 3. Temporal accumulation of taxa based on the description of the earliest described element for each taxonomic level (A: phyla,
B: classes, C: orders, D: families, E: genera) with indication of the estimated asymptote (with 95% CI). (F) Linear regression between the
asymptotic numbers of higher taxa and the numerical hierarchy of each taxonomic rank, with indication of the 95% confidence interval
(dashed line) and the estimated global algal diversity (Appendix S1, see Supporting Information).
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composition), microscopy (TEM and SEM to visual-
ize ultrastructural details of the cell) and gene
sequencing technology (molecular phylogenetics,
DNA taxonomy). The importance of the latter is
demonstrated by the sudden rise in the number of
algal classes from 1990 onward (Fig. S1). The
description of new genera follows a persistent linear
trend, similar to the species accumulation curve,
which indicates that many more algal genera (as
well as species) remain to be discovered de novo.

As a general trend, the number of practicing tax-
onomists increased 4-fold over the � 110 year per-
iod from 1900 to 2010 (Fig. 4). Whereas in 1900,
barely 50 different phycologists were annually
involved in the description of new species, this num-
ber rose sharply to nearly 200 by the year 2000. The
number of species described per taxonomist shows
a number of peaks in the 19th century which result
from the taxonomic output of a few extremely pro-
ductive individuals that each described more than
1,000 species in a very short time, and two that
described over 2,000 species (Table 1). Taxonomic
output per capita decreased slightly during the 20th
century, but seems to pick up again in the last two
decades.

Apart from the current rates of species descrip-
tion and the size of the phycological community
involved in describing new species, an informed esti-
mate of the time needed to describe all species, is
critically dependent on the overall magnitude of the
algal diversity. The variety of approaches that has
been proposed to predict extant species numbers
serves as evidence for the complexity of the prob-
lem (May 1988, Wilson and Costello 2005, Bouchet
2006, Bebber et al. 2007, Costello and Wilson 2011,
Mora et al. 2011). Estimates more often than not
vary widely depending on the rationale and the
source of data used. Estimates on the magnitude of
the global and marine algal diversity were recently

published by Guiry (2012) and Appeltans et al.
(2012), respectively. These estimates range from
72,500 to 115,000, the estimate by Guiry being the
more conservative one. Our own regression analyses
of the species and higher taxon data from Algae-
Base serve to illustrate the difficulty in predicting
species numbers from discovery curves. A two-step
procedure (See Mora et al. 2011) first estimates the
number of higher taxa with nonlinear regression
(Fig. 3, A–E) and subsequently estimates the num-
ber of species by fitting a regression model of the
number of taxa against the taxonomic level
(Fig. 3G). This yielded an estimate of � 170,000
species, but the uncertainty about the asymptotes in
Figure 3, A–F result in a massive 95% confidence
interval, ranging from a few thousand to more than
a hundred million of species. These statistical confi-
dence limits are obviously unrealistic because 44,000
species have already been described. If the interval
is narrowed to incorporate a more realistic lower
limit of 60,000, the upper limit comes out at half a
million species. A direct extrapolation of the spe-
cies-level data predicted a total of 68,348 species
(Fig. 5). While not too far from Guiry’s estimate of
72,500, our result needs to be interpreted with cau-
tion because fitting growth curves without informa-
tion about the decelerating part of the trend is
highly unreliable. Furthermore, the current estimate
was based on 32,000 of a presumed 44,000
described species. The effect of an additional 12,000
species on the shape of the curve and therefore also
on the asymptote is virtually impossible to predict.
A moderately positive picture of algal taxonomy

emerges under the assumption of a global estimate
of 72,500 species of which 44,000 have already been
described. Under this scenario it will take less than
200 years to document the missing species pool at
the current description rate of 150 species per year.
In reality, of course, it will take longer because
description rates will decrease as it becomes more
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FIG. 4. Temporal trend of the number of algal taxonomists
and the number of species described per taxonomist. Data are
5-year moving averages to show trends.
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species descriptions.
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difficult to discover new species. If an estimate of
115,000 or 170,000 algal species is closer to the
truth, many more centuries of basic descriptive taxo-
nomic work are ahead of us. Despite the fact that
there is considerable uncertainty on the number
of algal species, it is also clear that hyper-estimates
predicting more than one million algal species (see
for example Andersen 1992, John 1994) are unlikely
to hold up under the assumptions of our analyses.
This reasonably positive picture does not imply,
however, that algal taxonomy does not face serious
challenges in the near future. Below we discuss
some of these issues that urgently need our atten-
tion.

SPECIES DISCOVERY

Sequencing of target genes in individual organ-
isms or more recently by environmental sequencing
(e.g., Rusch et al. 2007) has revolutionized algal sys-
tematics at every taxonomic level. The dramatic
increase in genetic data generation has propelled
the birth of DNA taxonomy, in which species are
delimited based on sequence data using evolution-
ary species concepts (Vogler and Monaghan 2007)
as well as DNA barcoding, which identifies speci-
mens based on sequence similarity against a data-
base of sequences of a priori defined species
(Hebert et al. 2003). Both DNA taxonomy and bar-
coding have been enthusiastically adopted by phy-
cologists (e.g., Saunders 2005, Robba et al. 2006,
Lane et al. 2007, Guillemin et al. 2008, Sherwood
et al. 2008, McDevit and Saunders 2009, Gile et al.
2010, Le Gall and Saunders 2010, Moniz and
Kaczmarska 2010, Trobajo et al. 2010, Hamsher
et al. 2011) and the use of molecular markers has
become the rule rather than the exception in assess-
ments of algal species-level diversity (Medlin et al.
2007, Cianciola et al. 2010). The enthusiasm with
which DNA sequence data have been embraced has
resulted in an explosion of sequences in repositories
such as GenBank and BOLD Systems (www.barcod-
inglife.com). An increasing number of these
sequences, however, are not linked to a full and
proper species name (i.e., a Latin binomial consist-
ing of a genus name and specific epithet). Examin-
ing the sequence data deposited in Genbank, we
found that the percentage of sequences of properly
named algae decreased gradually from � 90% in
1993 to <20% in 2010 (Fig. 6; see also Verbruggen
2012).

The spectacular increase in the number of
sequenced specimens that have not been linked to
existing species or that have not been formally
described as new species, coined “dark taxa” by Page
(2012), is the result of two interlinked factors. First,
describing species has remained an inherently time-
consuming process in stark contrast to the dizzying
speed at which sequences can be generated nowa-
days and hence diversity can be discovered. Second,

genetic data have confronted biologists with the fact
that morphology does not always adequately reflect
species boundaries. This mismatch between genetic
diversity and morphology, although observed in all
groups of organisms (Bickford et al. 2007), becomes
more of an issue when organisms decrease in mor-
phological complexity and size (e.g., Whittaker et al.
2005, Verbruggen et al. 2009). Indeed, levels of
cryptic diversity reach such proportions in some
algal groups that researchers become deterred from
formally describing the observed diversity (e.g., sev-
eral diatom and green algal genera; (Denboh et al.
2003, Beszteri et al. 2007, McManus and Lewis 2011,
Souffreau et al. 2012); Symbiodinium coral endo-
symbionts (LaJeunesse 2001); the red algal genus Portie-
ria, (Payo et al. in press). Cryptic diversity, however,
has another side effect that reflects on the growing
proportion of dark taxa. In situations where cryptic
diversity is rife and morphology is therefore by defi-
nition inadequate to properly identify specimens, it
is virtually impossible to link specimens to existing
names with something that represents a little more
than educated guesswork. It is the uncertainty that
coincides with linking gene sequences to published
names, that constrains taxonomists from doing so.

TOWARD A FUTURE WITHOUT NAMES?

Ultimately scientific names are only human readable
strings for referring to biological taxa – R. Hyam
(2009)

The increasing number of articles that fail to link
the discovered diversity to formal taxonomic names,
results in an interesting, but highly controversial dis-
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FIG. 6. Temporal trend of the percentage of algal sequences
with Latin binomials in GenBank
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cussion that even divides the authors of this article
up to a certain level: should all species have a name
and should it be a Latin binomial? Page (2010)
argues that abandoning the traditional name system
does not necessarily mean the end of biology.
Indeed, microbiology seems to be doing fine as a
discipline even though only a mere 5,000 species
have been formally described (Pace 1997) and <1%
of all prokaryotic sequences submitted in GenBank
is linked to a formal name (Page 2012). Strictly
speaking, formal Latin binomials are not necessary
for a lot of science; however, political conventions
such as the Convention on International Trade in
Endangered Species of Wild Fauna and Flora and
the Red lists of the International Union for the
Conservation of Nature use scientific names as cur-
rency in framing their conservation efforts.

Nevertheless, we do not argue here for or against
Latin binomials, but we seek merely to emphasize
their functionality. Traditional binomials are formal-
ized identifiers to which biological or other informa-
tion is attached. The importance of the identifier is
that it unequivocally refers to the correct species
and despite the traditional attachment to Latin, the
form of the identifier is subordinate to its function.
The observed levels of cryptic diversity in algae com-
bined with the shift in methods used to characterize
them has resulted in the rampant uncertainty about
the nature of many older species, and the names of
such old species are becoming increasingly ineffec-
tive at fulfilling their “unique identifier” function.
As a consequence, and similar to what happened in
bacteriology several decades ago, there is a tendency
in phycology to gradually move away from species-
based identifiers to a more informal system whereby
clade-, specimen- or strain-based identifiers are used
to communicate biological information. Examples
are rife in studies focusing not only on microbial
diversity (Rodriguez et al. 2005, Viprey et al. 2008,
Worden et al. 2009, Blanc et al. 2010) and zooxan-
thellae (LaJeunesse 2001, Pinz�on and LaJeunesse
2010, LaJeunesse and Thornhill 2011), but also in
several seaweed genera informal clade names have
been used for more than a decade (Van Der Strate
et al. 2002, Zuccarello and West 2003, Leliaert et al.
2009, Gutner-Hoch and Fine 2011, Kamiya et al.
2011). Whether these informal names for species-
level clades present a temporary situation stimulated
by the discrepancy in the rates of species discovery
and formal description, or an incipient alternative
or parallel taxonomy, will be largely determined by
how well we manage the past.

THE DEAD WEIGHT OF THE PAST

In some taxonomic groups the past acts as a dead
weight on the subject, the complex synonymy and

scattered type material deterring anyone from
attempting a modern revision – Godfray (2002)

The major challenge lies not with future descrip-
tions of taxa: there is no doubt the field of taxon-
omy is versatile enough to be able to incorporate
genomic or other integrative data. An increasing
number of diagnoses of new species already explic-
itly refer to GenBank accession numbers of repre-
sentative gene sequences and formal protocols
describing how to integrate barcodes in diagnoses
or descriptions of new species have been proposed
(Evans and Mann 2009). We are of the opinion that
all species descriptions must be accompanied by
representative DNA reference sequences of the type
specimen, and recommend storing a DNA extract of
the type specimen in DNA banks, specialized cryo-
genic storage facilities (Hodkinson et al. 2007). The
requirement for DNA sequences in the diagnosis or
description of new species and other taxa is already
being informally implemented by many phycological
journals. However, many species are still described
based on morphology alone, often on the basis of a
single collection, especially in diatoms.
The major challenge of algal taxonomy in the

21st century is presented by the interpretation of
what has been described in the past, in attempting
to match Linnaean names with DNA sequences
(Tautz et al. 2003). Ideally, one should sequence
the type of every single species, currently accepted
species as well as the synonyms and species of uncer-
tain status. It is, however, wishful thinking to assume
that DNA information can be obtained from most
type specimens, either because types are inadequate,
or unavailable, or because they cannot be used for
DNA extraction (e.g., formalin-preserved specimens,
microscope slides, oxidized diatom frustules, certain
fumigated herbaria, drawings; Saunders and McDe-
vit 2012). For such cases Tautz et al. (2003) pro-
posed a modus operandi whereby experienced
taxonomists identify newly collected specimens that
could be used for DNA extraction. The policy of
the ICN (Art. 9.7) to select epitypes where the holo-
type, lectotype or even a previously designated neo-
type is “…demonstrably ambiguous and cannot be
critically identified for purposes of the precise appli-
cation of the name of a taxon” is entirely fit for
such a purpose. The magnitude of the problem is,
of course, exacerbated in phycology by the sheer
volume of synonyms and names of uncertain affin-
ity, which outnumber the currently accepted species
by a factor of 3–5 to 1, and the fact that many algal
types simply have been destroyed, or have not been
located or even designated (Silva 2008). The seri-
ousness of the problem of heterotypic synonyms has
been recognized by higher plant taxonomists who,
in a huge collaborative effort, clarified synonymies
for approximately 110,000 flowering plants (Schef-
fers et al. 2012). There is no doubt sorting out the
past represents a daunting task, but with piles of
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unlocated or uninformative types, heaps of DNA
clusters that need a name and a limited amount of
time available, phycologists will need to make a
number of important decisions.

There is a crucial role for collections and her-
baria in bridging this gap between species discovery
and Linnaean binomials (and infraspecific names)
by locating type material and making it available
online and for sequencing. A preliminary web
search shows that depressingly little information on
algal types can be retrieved online (with a few nota-
ble exceptions such as the National Herbarium
Nederland, the Linnaean herbarium in London, the
Smithsonian Institution, and the type specimens
from the Galapagos Islands at the University Herbar-
ium of Berkeley). Additionally, technological pro-
gress to increase both the speed and the success
rate to generate representative DNA sequences from
type specimens is much needed (S€arkinen et al.
2012, Saunders and McDevit 2012). Target enrich-
ment methods in combination with high-throughput
sequencing (e.g., Stiller et al. 2009) offer the poten-
tial to boost the integration of historical collections
in present-day modern systematic research.
Although these techniques are increasingly applied
to generate genomic information from paleontologi-
cal samples (Rizzi et al. 2012), to date they have not
seen wide application in taxonomic research (see
Mason et al. 2011). In addition, herbaria are an
extraordinary resource for the discovery of new spe-
cies. Half of the species of flowering plants, esti-
mated still to be described, have probably been
collected and stored in herbaria (Bebber et al.
2010) and there is no reason to assume this would
be different for algae.

FUTURE MANAGEMENT OF ALGAL DIVERSITY

Regardless of whether the Linnaean classification
system will hold up in the future or whether it will
gradually fade away and will become replaced by
some alternative system, there is a crucial role for
an organizational framework that is able to manage
the information about algal species. Databases are
critical to the future of algal diversity management,
but the level of investment in them has been very
low. The maintenance of nomenclatural and taxo-
nomic databases, each with their own merits, has
been without exception the task of a handful of
dedicated individuals. Repositories may not survive
the demise of these people without considerable
international effort on the part of the scientific
community and those that fund biodiversity
research. There are considerable difficulties in inte-
grating the various databases, not least the politics,
both national and international, but one may con-
sider this an open invitation to reflect on how we
will manage our algal diversity information in the
future. An eventual strategy should preferably come
out of an international working group that includes

the databases as well as representatives of the vari-
ous phycological societies. In this we should link up
to major international initiatives that are currently
being developed. Mycologists, for example, as an
additional criterion for the valid publication of new
taxa and taxonomic changes will need to cite a
unique identifier, issued by one of three registration
databases, MycoBank, Index Fungorum and Fungal
Name (a Chinese repository) in the protologue
(Crous et al. 2004). Importantly, each taxon will be
assigned a unique identifier which serves to link
databases of individual specimens with critical
metadata including geographical distribution, DNA,
ecology, and morphology. AlgaeBase is the only
algal database currently providing Life Science Iden-
tifiers (LSIDs), unique identifiers for names at spe-
cies level (and above), through the LSID Web
Resolver using Taxonomic Database Working Group
standards (http://www.tdwg.org). A Special Com-
mittee on the Registration of Algal and Plant names
(including fossils) set up by the International Botan-
ical Congress is presently looking at extending regis-
tration to all plants, an initiative that would be
much valued in phycology.
Although the compulsory registration of names of

new taxa and other nomenclatural innovations rep-
resents only one facet to improve the efficiency of
taxonomy, it provides a mechanism that would help
solve problems encountered in determining which
names are effectively published, reducing the publi-
cation of invalid taxa, and assuring that data are
available online to the entire scientific community
immediately on publication. Registration should
obviously be extended to the large number of previ-
ously published names, the current status of which
is often uncertain. These efforts, in combination
with a better integration of historical collections in
systematic research, should result in a coherent and
stable taxonomic framework in which names can ful-
fill their “unique identifier” function again.
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