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ABSTRACT

There have been five Mass Extinction events in the history of Earth’s biodiversity, all caused by dramatic but natural
phenomena. It has been claimed that the Sixth Mass Extinction may be underway, this time caused entirely by
humans. Although considerable evidence indicates that there is a biodiversity crisis of increasing extinctions and
plummeting abundances, some do not accept that this amounts to a Sixth Mass Extinction. Often, they use the
IUCN Red List to support their stance, arguing that the rate of species loss does not differ from the background rate.
However, the Red List is heavily biased: almost all birds and mammals but only a minute fraction of invertebrates
have been evaluated against conservation criteria. Incorporating estimates of the true number of invertebrate
extinctions leads to the conclusion that the rate vastly exceeds the background rate and that we may indeed be wit-
nessing the start of the Sixth Mass Extinction. As an example, we focus on molluscs, the second largest phylum in
numbers of known species, and, extrapolating boldly, estimate that, since around AD 1500, possibly as many as
7.5–13% (150,000–260,000) of all ~2 million known species have already gone extinct, orders of magnitude greater
than the 882 (0.04%) on the Red List. We review differences in extinction rates according to realms: marine species
face significant threats but, although previous mass extinctions were largely defined by marine invertebrates, there is
no evidence that the marine biota has reached the same crisis as the non-marine biota. Island species have suffered
far greater rates than continental ones. Plants face similar conservation biases as do invertebrates, although there are
hints they may have suffered lower extinction rates. There are also those who do not deny an extinction crisis but
accept it as a new trajectory of evolution, because humans are part of the natural world; some even embrace it, with
a desire to manipulate it for human benefit. We take issue with these stances. Humans are the only species able to
manipulate the Earth on a grand scale, and they have allowed the current crisis to happen. Despite multiple conser-
vation initiatives at various levels, most are not species oriented (certain charismatic vertebrates excepted) and spe-
cific actions to protect every living species individually are simply unfeasible because of the tyranny of numbers. As
systematic biologists, we encourage the nurturing of the innate human appreciation of biodiversity, but we reaffirm
the message that the biodiversity that makes our world so fascinating, beautiful and functional is vanishing unnoticed
at an unprecedented rate. In the face of a mounting crisis, scientists must adopt the practices of preventive archae-
ology, and collect and document as many species as possible before they disappear. All this depends on reviving the
venerable study of natural history and taxonomy. Denying the crisis, simply accepting it and doing nothing, or even
embracing it for the ostensible benefit of humanity, are not appropriate options and pave the way for the Earth to
continue on its sad trajectory towards a Sixth Mass Extinction.
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Extinction, undescribed species
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I. INTRODUCTION

In her book The Sixth Extinction: an Unnatural History, Elizabeth
Kolbert (2014) presented the mounting evidence that the
Earth is at the start of, or perhaps in the midst of, the sixth
major episode of mass biodiversity extinction since life on
Earth arose, the first such event to be caused entirely by
humans. She is by no means the first to have drawn this con-
clusion (e.g. Diamond, 1987, 1989; Leakey & Lewin, 1995;
Wake & Vredenburg, 2008) and it continues to be reiterated
(e.g. Ceballos et al., 2015; McCallum, 2015; Régnier
et al., 2015a; Plotnick, Smith & Lyons, 2016; Ceballos,
Ehrlich & Dirzo, 2017; Cowie et al., 2017; Ceballos &
Ehrlich, 2018; Dasgupta & Ehrlich, 2019; IPBES, 2019;
Ceballos, Ehrlich & Raven, 2020). The evidence for a major
biodiversity crisis appears overwhelming. Yet there are some
who deny that such evidence really exists and consider that it
has been exaggerated by conservation and biodiversity scien-
tists to attract greater public and political attention to biodi-
versity loss and to enhance opportunities to obtain research
grants (e.g. Lomborg, 2001; Briggs, 2014b, 2014c, 2016,
2017). Such denials made the headlines when the
IPBES (2019) report was released (e.g. Platt, 2019); they con-
tinue to increase, as noted by Lees et al. (2020).

Denial differs from scepticism (Jylhä, 2018;
Washington, 2018). The latter is a genuine component of sci-
entific research and discovery, questioning assumptions,
results, interpretations and conclusions, until the weight of
evidence supports one conclusion or another. Denial, on
the other hand is plain disbelief in that weight of evidence.
The notion of the Sixth Mass Extinction, or at least a major
biodiversity crisis, faces both scepticism and denial, as does

the notion of anthropogenic climate change (Jylhä, 2018;
Washington, 2018), the fact of evolution (Ayala, 2008;
Nieminen, Ryökäs & Mustonen, 2015; Hansson, 2017), the
negative impacts of invasive species (Tassin, 2014; and see
Ricciardi & Ryan, 2018a, 2018b), and many other aspects
of science in general (Hansson, 2017; Rutjens, van der Lin-
den & van der Lee, 2021). Scepticism and denial may be
fuelled by media headlines over-dramatising dire short-term
prognoses combined with exaggeration of perceived profes-
sional differences of opinion among scientists, regarding,
for instance, analysis and interpretation of data (e.g. Leung
et al., 2020) and the likelihood of insect ‘Armageddon’
(Leather, 2017; Desquilbet et al., 2020; Van Klink et al.,
2020). Much of this denial of science is not published in rep-
utable peer-reviewed scientific journals, and some may have
political undertones, as was the case with the reaction of
Republican officials in the USA after the release of the
IPBES report in 2019 (Tobias, 2019).
Two primary critiques have been levelled at those who

claim we are at what may be a watershed point in the history
of our planet. First is the claim that estimated extinction rates
have been exaggerated and that the current extinction rate is
not significantly greater than the natural background rate
(e.g. Lomborg, 2001; Briggs, 2014b, 2014c, 2015, 2016,
2017). Second are the inter-related claims that any extinc-
tions are offset by an equivalent or greater origination of
newly evolved species, and that because humans are part of
the natural world, human-caused extinctions are a natural
phenomenon, a part of the evolutionary trajectory of life
on Earth. This view has appeared in various forms in the
popular press (e.g. Pyron, 2017), websites (e.g.
Brand, 2015; Middleton, 2017) and the writings of some

Biological Reviews (2022) 000–000 © 2021 The Authors. Biological Reviews published by John Wiley & Sons Ltd on behalf of Cambridge Philosophical Society.

2 Robert H. Cowie et al.



academic ecologists (e.g. Thomas, 2017). The conse-
quence of this opinion is that we should embrace this
new trajectory of evolution (Briggs, 2014b, 2014c, 2015,
2016, 2017). Thomas (2017) suggested that the rate of evo-
lution, and therefore speciation, is now increasing in the
face of change wrought by humans.

Some acknowledge that although they consider there is no
mass extinction, at least not yet, many species are becoming
rarer or more localised, with an accompanying loss of genetic
diversity, and that this is where we should focus our efforts, as
rarity could have dire consequences for global ecosystems
(e.g. Heywood & Stuart, 1992; Stork, 2010; Briggs, 2014a,
2014b, 2014c, 2015, 2017; Hull, Darroch & Erwin, 2015).
Notably, increased rarity may result in functional extinction,
which can drive further declines via coextinction (Dunn
et al., 2009; Sellman, Säterberg & Ebenman, 2016).
Increased rarity is undoubtedly true (Dirzo et al., 2014;
Ceballos et al., 2017; Hallmann et al., 2017) but that does
not mean that mass extinction is not also occurring.

Does the current episode differ from previous mass extinc-
tions? There have been a number of such episodes in the his-
tory of the Earth, with most authors accepting five substantial
mass extinctions since the Cambrian (e.g. Sepkoski, 1996;
Avise, Hubbell & Ayala, 2008; Barnosky et al., 2011; Harper,
Hammarlund & Rasmussen, 2014). These have all been
caused by a diversity of natural phenomena (Bond &
Grasby, 2017) and have been defined, for instance by Bar-
nosky et al. (2011), as events standing out from a steadier
background rate of extinction in having extinction rates spik-
ing higher than in any other geological interval of the last
540 million years and involving, somewhat arbitrarily, a loss
of over 75% of estimated species. By contrast, the current
high rate of extinction is being caused directly by humans.
Alroy (2008, p. 11541) emphasised this difference succinctly
in stating that “the numerous anthropogenic causes of
today’s mass extinction are deeply unrelated to the known
causes of earlier ones.” Indeed, while the current crisis is
essentially a non-marine phenomenon, the previous events
were mostly defined based on marine, largely invertebrate,
fossils, although the end-Cretaceous event involved the
demise of non-avian dinosaurs. Furthermore, various
authors have arrived at as few as two or as many as 61 mass
extinctions, as reviewed by Bambach (2006), who concluded
there were 18 but that only three stood out from the contin-
uum of surrounding extinction intensities, although many
authors continue to accept the traditional five
(e.g. Hull, 2015; Hull et al., 2020). Wiens, Sweet & Wors-
ley (2020), while arguing philosophically that the terms
‘background extinction’ and ‘mass extinction’ are inappro-
priate because these phenomena are indeed the two extremes
of a continuum, nonetheless acknowledged that the current
crisis is qualitatively different because of its anthropogenic
cause.

Implicit in all the arguments denying the current crisis is
that there is no need to worry, either because there is no such
mass extinction event, or, as suggested hypothetically by
Doug Erwin (as quoted by Brannen, 2017), if we really are

in the midst of a mass extinction, then it is too late and there
is no point in trying to do anything about it anyway (note that
Erwin himself in fact seemed to believe that there is no mass
extinction or that the process is only beginning, and that we
may have a chance to prevent it if we figure out how). Along
with numerous others, we take issue with these conclusions
primarily for three reasons: (i) there is mounting evidence
that the extinction rate is not normal; (ii) the exponential rise
in the human population and in human impacts on the natu-
ral world are abnormally rapid; and crucially (iii) we are not
just another species evolving in the face of external influences
because we have conscious choice regarding our future and
that of Earth’s biodiversity. Thus not only are we losing spe-
cies at a greater than normal rate, but also the processes of
evolution (speciation) cannot keep up with this loss
(Barnosky et al., 2011; Ceballos & Ehrlich, 2018). We con-
sider that the Sixth Mass Extinction has probably started
and present arguments to counter those who would deny this.
We will probably not convince those who consider this epi-
sode part of the natural evolution of life on Earth and there-
fore that it is acceptable to just let it happen, that is, that they
are wrong. Nor will we convince those who think that it is too
late to stop it and that we should therefore embrace it, that is,
that they also are wrong. However, we hope that we will at
least give pause to those who by denying or downplaying it
play into the hands of those who advocate doing nothing
about it, or those who, accepting it, advocate that we should
do our best to manipulate biodiversity primarily if not solely
for human, essentially economic, benefit. This latter view has
been expressed to a greater or lesser extent by some promi-
nent conservationists (Kareiva & Marvier, 2007, 2012; Kar-
eiva, Lalasz & Marvier, 2011; Thomas, 2017) and has
become a key feature of the ‘New Conservation’ or ‘Neolib-
eral Conservation’, although the paradigm has been strongly
criticised, for example by Büscher et al. (2012), Soulé (2013)
and Rolston (2018).

II. DEFINING THE SIXTH MASS EXTINCTION

If one considers a mass extinction event as a short period
when at least 75% of species are lost (Barnosky et al., 2011),
the current ongoing extinction crisis, whether labelled the
‘Sixth Mass Extinction’ or not, has not yet occurred; it is “a
potential event that may occur in the future”
(MacLeod, 2014, p. 2). But the fact that it has not yet hap-
pened – which can only be asserted once it has happened –
does not mean that it will not happen or is not in the process
of happening. Indeed it could happen within just one or a few
centuries if nothing is done to slow or stop the current rate of
biodiversity loss (Barnosky et al., 2011). But it has surely
begun (Thomas, 2017), and is being caused by human
activities.

But when did it begin? Did it begin with the first expansion
of modern humans out of Africa, 200–45 thousand years ago
(kya) (Henn, Cavalli-Sforza & Feldman, 2012; L�opez, van
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Dorp & Hellenthal, 2015; Harcourt, 2016; Bae, Douka &
Petraglia, 2017; Hershkovitz et al., 2018), or 12–10 kya dur-
ing the Neolithic Revolution when human populations began
to increase rapidly as a result of the development of agricul-
ture (Bocquet-Appel, 2011; Lenton, 2019), or did it begin
much more recently, even as late as during the 19th century
industrial revolution? Avise et al., (2008) characterised these
as the three phases of the Sixth Mass Extinction, implicitly
including all human-caused extinctions, and considering
the status of biodiversity now to have reached a crisis point.
We concur with Avise et al., (2008) in considering the Sixth
Mass Extinction, should that be what the current crisis
becomes, to include all anthropogenic extinctions.

However, within this overarching framework, the begin-
ning of human-caused extinction varies by location (Pimm
et al., 2014; Turvey & Crees, 2019). For instance, from a
global perspective, modern humans reached Europe at least
43 kya, and Asia and Australia at least 65 kya (Benazzi
et al., 2011; Bae et al., 2017; Clarkson et al., 2017), with the
earliest forays out of Africa dated to around 200 kya
(Hershkovitz et al., 2018), long before they reached the Amer-
icas, 20–15 kya (Henn et al., 2012; Harcourt, 2016). And
from a narrower, more recent perspective, humans colonised
islands of western Oceania (e.g. Vanuatu, New Caledonia)
4–3 kya but only reached the furthest parts of Oceania
(e.g. New Zealand, Hawaii) <1 kya (Rieth et al., 2011; Soares
et al., 2011; Matisoo-Smith & Daugherty, 2012). Thus the
beginning of the so-called ‘Anthropocene’ is dependent on
when humans arrived at a particular location. [We avoid fur-
ther use of the term ‘Anthropocene’ (cf. Smith, 2019).
Although initially it was coined in an Earth system context
largely emphasizing anthropogenic changes in climate and
geochemistry (Crutzen & Stoermer, 2000; Crutzen, 2002),
it has come to be seen as simply referring to the modern
era of human domination of the Earth, embracing wider bio-
logical, sociological, political and philosophical issues. But it
is poorly defined and has many critics – although also many
supporters (reviewed by Malhi, 2017). It has been suggested
that it may engender complacency and allow us to reconcile
ourselves to a ‘new normal’ (Laurance, 2019), or at worst
reflect an anthropocentric view that the Earth and its
resources should be managed primarily, if not solely, for
the benefit of humankind (as critiqued by Rolston, 2018)
– a view, in one form or another, that is gaining traction at
inter-governmental levels (e.g. Masood, 2018). Others have
coined alternative names that have not yet gained a wide fol-
lowing (see Malhi, 2017; L�opez-Corona & Magellanes-
Guij�on, 2020).]

Nonetheless, differences of a few thousand years, for
instance among locations in the western Pacific and the cen-
tral and eastern Pacific, when looking back a few million
years from now, will be insignificant. If all human-caused
extinctions (i.e. over a period of up to 200 ky so far) are to
be included in the current event, while realising that the rate
has increased dramatically in more recent times (Ceballos
et al., 2015; Régnier et al., 2015a, 2015b), the time span is of
a roughly similar order of magnitude as that over which

extinctions took place in the five traditional previous mass
extinction events. For instance, among the three stand-out
events identified by Bambach (2006), the end-Permian event
lasted 60 ky (Burgess, Bowring & Shen, 2014), the end-Ordo-
vician event ~0.2 Ma (Ling et al., 2019), and the Cretaceous–
Palaeogene event, associated primarily with asteroid impact
and renowned for the end of the non-avian dinosaurs, lasted
<20 ky (Renne et al., 2013) or as little as a few years or
decades (Molina, 2015), although there is much discussion
about the cause(s) and timing/duration of this event
(Henehan et al., 2016; Mateo et al., 2017; Tobin, Bitz &
Archer, 2017; Hull et al., 2020). These are the durations of
the actual period of extinction (Erwin, 2014) and not the
times from the beginning of the event to full recovery of eco-
system function and eventually of species richness
(Sheehan, 2001; Sallan & Coates, 2010; Hull, 2015; Hull
et al., 2015; Henehan et al., 2016; Alvarez et al., 2019), which
are much longer. The Sixth Mass Extinction, if it happens
and depending on how its start is defined, could take place
in a not dissimilar timeframe.

III. THE RED LIST AS A TOOL FOR MEASURING
EXTINCTION

The International Union for Conservation of Nature (IUCN)
Red List (IUCN, 2020, and its previous iterations) is widely
recognised as the most comprehensive compilation of the
global conservation status of plants and animals, with the num-
ber of assessed species increasing year after year, and is now an
irreplaceable tool for conservation planning, management,
monitoring and decisionmaking. Its explicit goal is to assess rel-
ative extinction risk of species (Rodrigues et al., 2006; Collen
et al., 2016; Lacher & Hilton-Taylor, 2018). In the course of
assessments, some species are declared extinct, but listing
extinct species is a by-product of the Red List. However, various
studies have used the Red List to ascertain the numbers of
recorded modern extinctions, that is, since the year 1500, the
date IUCN now uses as a cut-off for listing a species as having
gone extinct (see the text under Tables 3 and 4 of the Red List
Summary Statistics; IUCN, 2020), and to extrapolate from
these numbers to an overall rate of extinction. Often, the focus
is on vertebrates, mostly mammals and birds but sometimes
including herptiles and fish (e.g. Mace, 1994;
McCallum, 2007, 2015; Stork, 2010; Ceballos et al., 2015;
Pimm & Raven, 2019; Ceballos et al., 2020). Most such studies
acknowledge the limitations of the Red List data. Others, how-
ever, have used the Red List data without such acknowledge-
ment and in support of their view that rates of extinction are
not dramatically heightened, arguing that these are the
dependable and true data from which to calculate rates, nota-
bly Lomborg (2001) and Briggs (2014b, 2014c, 2015, 2016,
2017) but also Lamkin & Miller (2016).
IUCN (2020) has evaluated all known bird species and 91%

of mammal species.Most estimates of extinction rates for these
taxa have been based on the Red List, and for mammals the
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CREO list (http://creo.amnh.org) (Loehle &
Eschenbach, 2012), which also lists only species considered
to have gone extinct since 1500. Estimates of extinctions of
these taxa since 1500may be quite accurate (see Section III.1),
especially with new approaches combining the timing and reli-
ability of records, the timing and adequacy of surveys, and the
timing, extent and intensity of threats (Butchart et al., 2018).
However, the Red List as a whole, andmammals and birds spe-
cifically, is not a good surrogate for assessing the entire extent
of the current extinction event, as defined above, for a number
of reasons outlined in the following sections, and analyses
based on theRed List inevitably under-estimate real levels. This
should be no surprise, as it was never designed as a compre-
hensive compilation of known extinct species.

(1) Mammals and birds are not representative of
overall extinctions

IUCN (2020) assessed 120,372 species overall, including
52,649 vertebrates. Although a huge amount of detailed
work, this represents only 5.6% of the total of ~2.14 million
described animal and plant species accepted by IUCN (2020).
[The Catalogue of Life, which is the basis for many of the
IUCN (2020) estimates of numbers of species in various
groups, estimates that there are 2.2 million living species
known to taxonomists (Roskov et al., 2019)]. The number
assessed is thus a tiny fraction of described species, heavily
biased towards non-marine vertebrates, and especially mam-
mals and birds (Régnier, Fontaine & Bouchet, 2009; Cardoso
et al., 2011; Régnier et al., 2015a; Cowie et al., 2017; Cowie,
Fontaine & Bouchet, in press).

Nonetheless, many of the arguments both for and against
the reality of the Sixth Mass Extinction have been based on
analyses of vertebrates, primarily mammals and birds
(Loehle & Eschenbach, 2012), and to some degree

amphibians, which have suffered significant declines and
extinctions (McCallum, 2007; Moore, 2014), most recently
as a result of chytrid fungal infection, perhaps exacerbated
by global warming (Wake & Vredenburg, 2008). Coral reefs
are sometimes incorporated into such analyses, as are plants,
but invertebrates are rarely considered (e.g. Brooks
et al., 2002; Butchart et al., 2010). The implicit, and some-
times explicit, assumption is often made that assessments of
extinction rates of mammals and birds are reflective of
extinction rates of all biodiversity, an assumption accepted
not only among the vertebrate-centric media but also among
many vertebrate-centric scientific and conservation organisa-
tions and seemingly sometimes even among vertebrate-
centric scientists themselves (e.g. Ceballos et al., 2015, 2017,
2020; McCallum, 2015; Tilman et al., 2017).

IUCN (2020) accepts an estimated 6,495 describedmammal
species and 11,147 described bird species, total 17,642, with
91% of mammals and all bird species evaluated (Fig. 1). Of
these 17,046 evaluated species, only 922 (~5%) were placed
in the IUCN category Data Deficient, that is, they lacked suffi-
cient information to assess their conservation status according
to the IUCN Red List Categories and Criteria (IUCN, 2012).
Thus, the number of extinctions (249, 1.5% of the total
16,124 evaluated, excluding those evaluated as Data Deficient)
listed for mammals and birds since 1500 by IUCN (2020) is
probably quite accurate, except perhaps for Polynesian and
other island birds (see Section III.3).

Although a small sample of overall biodiversity, if the esti-
mates of extinction in mammals and birds could be consid-
ered a random sample of biodiversity, some confidence
could perhaps be placed in extrapolations from these esti-
mates to estimates of the overall biodiversity extinction rate.
However, it is not a random but a highly biased sample.

Mammals and birds have received considerable conserva-
tion support, without which their rate of extinction would

Fig. 1. Taxonomic bias in the Red List. Total numbers of described species in selected major vertebrate and invertebrate groups [data
from Roskov et al. (2019) and MolluscaBase editors (2021)] and the proportions of those species evaluated for the Red List
(IUCN, 2020).

Biological Reviews (2022) 000–000 © 2021 The Authors. Biological Reviews published by John Wiley & Sons Ltd on behalf of Cambridge Philosophical Society.

The Sixth Mass Extinction 5

http://creo.amnh.org


have been greater, such that extrapolating from them to bio-
diversity as a whole would under-estimate the overall extinc-
tion rate (Butchart, Stattersfield & Collar, 2006; Pimm
et al., 2006; Young et al., 2014; Bolam et al., 2020). Another
bias lies in the fact that species with large body size
(e.g. mammals and birds, and vertebrates in general) tend
to have larger ranges than smaller species (insects and inver-
tebrates in general) (Gaston & Blackburn, 1996), and hence
will not become extinct because of local habitat destruction.
Furthermore, many rare invertebrate species, for instance
many species only known from their type localities or even
from just a single specimen, inhabit remote tropical regions,
which is why they are so little studied and so poorly known.
Given their probably small ranges, they may well be very
prone to extinction, yet there is insufficient knowledge to
evaluate them (e.g. Meiri et al., 2018), which means Red List
assessments are biased towards better known species. Even
among insects, Red List assessments have been heavily biased
towards Odonata, Lepidoptera (Rhopalocera), certain Cole-
optera and Orthoptera (e.g. Rocha-Ortega, Rodriguez &
C�ordoba-Aguilar, 2021). Red List assessments may also be
biased towards threatened species, towards groups benefit-
ting from being the target of IUCN Specialist Groups, or in
some cases towards regions with higher species richness, as
has been shown for plants (Bachman et al., 2019). For all these
reasons, although public perception is that charismatic
megafauna are the first victims of anthropogenic extinction
(they may well have been during the prehistoric beginnings
of the process) and thus attract great concern, the untold
thousands of invertebrate species that have gone extinct
unknown to humanity vastly outweigh the small number of
much better known vertebrate extinctions.

(2) Known extinctions since A.D. 1500 not listed

The IUCN guidelines (IUCN Standards and Petitions
Subcommittee, 2019, pp. 80–81) state that

The category of Extinct is used when ‘there is no reasonable doubt
that the last individual has died’. However, extinction—the disap-

pearance of the last individual of a species— is very difficult to detect.

Listing of a species as Extinct requires that exhaustive surveys have

been undertaken in all known or likely habitat throughout its historic

range, at appropriate times (diurnal, seasonal, annual) and over a
timeframe appropriate to its life cycle and life form. Listing as Extinct

has significant conservation implications, because protective measures
and conservation funding are usually not targeted at species believed to

be extinct. Therefore, a species should not be listed in the Extinct
(EX) or Extinct in the Wild (EW) categories if there is any reason-

able possibility that they may still be extant, in order to avoid the
‘Romeo Error’ (Collar, 1998), where any protective measures and
funding are removed from threatened species in the mistaken belief that

they are already extinct.

For a very large proportion of described species, there will
never be dedicated exhaustive fieldwork, at the appropriate

time and over the appropriate timeframe because they are
too numerous, and knowledge is too scarce to know the time-
frame and even the range to be searched. Moreover, since the
Red List seeks to avoid the Romeo Error – “uncritical accep-
tance of pronouncements and assumptions of extinction”
(Collar, 1998, p. 240) – it will under-estimate the number of
extinct species, even in well-known groups such as birds or
amphibians. This is even acknowledged by the IUCN itself
(IUCN Standards and Petitions Subcommittee, 2019), which
has created a Possibly Extinct tag for “Critically Endangered
species that are, on the balance of evidence, likely to be extinct,
but for which there is a small chance that they may be extant”
(p. 81); they also created an analogous Possibly Extinct in the
Wild tag (see also Butchart et al., 2018). IUCN (2020) listed
986 taxa with these tags.
The taxonomic literature is full of examples of species for

which the authors suggest they are probably extinct but do
not dare to declare them so (e.g. Tan & Hua, 2008;
Hedges & Conn, 2012). For example, the Eskimo curlew,
Numenius borealis (Forster) (Fig. 2), a Nearctic wader, probably
became extinct by the end of the 20th century and has been
considered subsequently as such, the last reliable sighting dat-
ing from 1963 (e.g. Elphick, Roberts & Reed, 2010; Rob-
erts & Jari�c, 2016). However, Butchart et al. (2018)
recommended that it remain evaluated as Critically Endan-
gered (Possibly Extinct) based on a probabilistic approach.
Another example is Bachman’s warbler, Vermivora bachmani

(Audubon) (Fig. 2), of which there has been no confirmed
sighting since 1988 (BirdLife International, 2021), despite
targeted searches (National Park Service, 2018), and which
has also been recognised as extinct (Elphick et al., 2010). Both
species are still listed as Critically Endangered by IUCN
because of the slim chance that one or more birds may still
be alive, that is, not committing the Romeo Error. Such spe-
cies are therefore not counted among extinct species, and
vast sums of money are often spent in the vain hope that they
will be found again. Incidentally, the US government has
very recently proposed that Bachman’s warbler be consid-
ered extinct (Williams, 2021). More generally, Dia-
mond (1987, 1989) emphasised “the gulf between ‘proved
extinct’ and ‘not proved extant’” (Diamond, 1989, p. 471)
and that if extinction must be based on definitive proof, then
the true extinction rate will be under-estimated and a lot of
the limited funding available will be directed at lost causes.

(3) Extinctions prior to A.D. 1500

Humans were instrumental in the global megafauna extinc-
tion almost as soon as they started migrating out of Africa
(Sandom et al., 2014; Smith et al., 2018), although within
Africa some megafauna species (e.g. some proboscidians
and sabretooth cats) had gone extinct prior to Homo sapiens

expanding beyond the continent, perhaps related to evolu-
tion of Homo erectus into the carnivore niche space (Malhi
et al., 2016). The Aboriginal colonisation of Australia
occurred around 65 kya (Clarkson et al., 2017), earlier than
previously thought (i.e. 45 kya; Henn et al., 2012), and may
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have resulted in extinction of the characteristic prehistoric
megafauna, although the interaction of human spread with cli-
mate change may have been important (Bird et al., 2013; Saltré
et al., 2019), as has also been discussed for Eurasia
(Stuart, 1991), North America (Meltzer, 2020) and the Carib-
bean (Orihuela et al., 2020). The consensus seems to be that on
a global scale, both humans and climate change were involved
inmegafaunal extinction but with the former generally of greater
significance (Bartlett et al., 2016;Malhi et al., 2016). Avian extinc-
tion following initial colonisation of western Pacific islands by
native Pacific people has been estimated as extending back to
at least 30 kya (Steadman, 1995) and of central Pacific islands
to around 3–4 kya (Pimm, Moulton & Justice, 1994). In the
islands of the tropical Pacific, Steadman (1995) suggested that
prehistoric anthropogenic bird extinctions (primarily rails) may
have exceeded 2,000 species (possibly an over-estimate;
Livezey, 2003), which, at that time, Steadman considered to be
20% of global bird diversity, although now around 15%. IUCN
uses the year 1500 as a cut-off for listing a species as having gone
extinct. However, even in the 500 years prior to discovery of the
Hawaiian Islands by westerners in 1778, during which time the
islands were colonised by native Pacific people (Rieth
et al., 2011), roughly 50% of the avifauna of the islands went
extinct as a result of both habitat destruction and predation
(James & Olson, 1991; Olson & James, 1991; Pimm
et al., 1994, 2006). Similar rail extinctions took place on the
Macaronesian Islands of the north Atlantic (Alcover
et al., 2015). None of these species is included in the Red List.

(4) Centinelan extinctions

In his book The Diversity of Life, E. O. Wilson (1999) coined the
term ‘Centinelan extinction’ for species going extinct before
they are collected and described.We do not know, and in most
cases cannot know, how many Centinelan extinctions have
occurred, especially for invertebrates (Heywood &
Stuart, 1992). An untold number of specimens of undescribed

species lie waiting for us in the world’s natural history museum
collections, some of which, unbeknownst to us, will have
already gone extinct (Fontaine, Perrard & Bouchet, 2012;
Bullis & Rundell, 2021). The largest proportion of biodiversity
comprises undescribed species (Scheffers et al., 2012), and this
problem is especially acute for invertebrates, with the propor-
tion of undescribed insect species perhaps as high as 80%
(Stork, 2018). Most undescribed species (notably invertebrates)
that went extinct recently cannot be known, unless they left a
physical record (e.g. a snail’s shell). For vertebrates, the bones
of which may be preserved long after a species went extinct,
knowledge of such species is more complete (e.g. Hawaiian
birds; James & Olson, 1991; Olson & James, 1991), and, with
some major assumptions, for instance about constancy of
extinction rates, extrapolation back into the past may permit
an estimate of the numbers of species that went extinct but that
remain unknown (Boehm & Cronk, 2021). According to
Tedesco et al. (2014), who based their study on vertebrates only,
extinction of undescribed species may account for up to 59% of
all extinctions, depending on the taxonomic group and region.
In Hawaii, “extinction has ravaged the Lepidoptera … most
without ever being collected” (Rubinoff, 2017, p. 202). Indeed,
there are many examples of recent species described after their
extinction, in molluscs (see Section IV.2) but also in other
groups, even if the authors, probably fearing the Romeo Error,
sometimes did not declare them as extinct, for example, plants
(Fischer &Rahelivololona, 2002), insects (Tian &Deuve, 2007;
Tan & Hua, 2008; Penz, Simonsen & Devries, 2011), mam-
mals (Helgen, Helgen & Wilson, 2009), amphibians (Coloma
et al., 2010), reptiles (Hedges & Conn, 2012) and birds
(Lees & Pimm, 2015).

(5) The invertebrate problem

Many known invertebrate species are in fact only recorded
from one locality and sometimes only one specimen, making
them impossible to assess with the Red List criteria. For

Fig. 2. Extinct but not listed as such, for fear of committing the ‘Romeo Error’. Left: Eskimo curlew (Numenius borealis (Forster)), from
Audubon (1827–1838: plate 208; Wikimedia Commons). Right: Bachman’s warbler (Vermivora bachmani (Audubon)), from
Audubon (1827–1838: plate 185 (detail); Creative Commons, Rawpixel).
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instance, ~ 20% of Australian Neuroptera are known from a
single specimen or a single locality (New, 1997); in a random
sample of terrestrial molluscs worldwide, 30% were known
only from the original description and 33% from only one
locality (Régnier et al., 2015a); in a random sample of Coleop-
tera, 53% were known only from a single locality and 13%
from a single specimen (Stork, 1997); among species of Tri-
choptera newly described in 2011–2014, 45% were based
on singletons (Wells, Johanson & Dostine, 2019); and of
2,198 worldwide mantids, 48% are reported based on single
specimens (Battiston, 2014). This extreme paucity of records
for invertebrates is the rule, and accounts for the difficulty of
assessing them properly against the Red List criteria. For
aquatic invertebrates, up to 34% of the assessed species
(i.e. a sample of species for which there were enough experts
and potential knowledge to start the assessment process) were
listed as Data Deficient (Collier, Probert & Jeffries, 2016).

IV. OTHER APPROACHES

The primary reasons why the Red List is not a good basis on
which to assess global extinction rates are thus (i) it is far
from comprehensive and biased taxonomically, and (ii) it
is impossible to evaluate the vast numbers of species, nota-
bly invertebrates, according to the IUCN categories and
criteria, not only because of their sheer numbers but also
because we simply do not have adequate data. Even if we
did have the data, it would be the fate of many invertebrate
species to jump from Data Deficient one year to Extinct a
few years later.

In the search for alternative approaches, some have sug-
gested revising and augmenting the Red List criteria to permit
more realistic evaluations of invertebrates or plants (Cardoso
et al., 2011; Bachman et al., 2019; Fox et al., 2019).

More general attempts to assess large-scale extinction have,
since long before the prominence of the Red List, been based
on species–area relationship (SAR) approaches that are not
dependent on known or supposed extinctions of individual spe-
cies but on projections of, for instance, area of habitat loss
extrapolated to proportional loss of species according to vari-
ous assumptions (Pimm & Raven, 2000). However, there are
many problems with using the SAR and many interpretations
have been criticised for either over- or under-estimating future
extinction rates (e.g. Simberloff, 1992; C. D. Thomas et al.,
2004; Lewis, 2006; Stork, 2010; Fattorini & Borges, 2012;
He & Hubbell, 2013; Rybicki & Hanski, 2013). Nonetheless,
despite the arguments, whether over-estimates or under-esti-
mates, all indicate significant extinction through loss of habitat.
Yet all these efforts have even been decried as part of an “exag-
geration campaign” (Briggs, 2016, p. 21) that grossly over-
estimates extinctions, based on theory as opposed to real data
(Briggs, 2014b, 2014c), and the approach “remains popular
due to [sic] inertia” (Briggs, 2014b, p. 415).

Most recently, efforts have been made to base evaluations
on essentially qualitative expert knowledge. Keith et al. (2017)

focused on threats and Thompson et al. (2017) on records and
surveys; the former adopting a probabilistic approach based
on structured reasoning, the latter on a modelling approach,
and, as exemplars, using a plant and a bird species, respec-
tively. Butchart et al. (2018) extended these approaches to
address the probability of extinction for 61 bird species.
Using such methods adds quantitative rigour to assessments
of extinction but still depends on considerable species-specific
knowledge, which for most invertebrates is not available, and
is unlikely to become available, in part because the resources
to obtain the necessary data are also not available.
Other alternative approaches include: the Red List Index

(Butchart et al., 2004, 2007; Brummitt et al., 2015), which
was designed to measure extinction risk of sets of species
and to track changes in this based on the changes over time
of the proportion of species in each category on the Red List;
extrapolation from well-known taxa (Mawdsley &
Stork, 1995; McKinney, 1999); modelling the impact of
climate change on extinction risk (e.g. C. D. Thomas
et al., 2004;Urban, 2015); or a combination of these approaches
(e.g. Van Vuuren, Sala & Pereira, 2006).

(1) The need to address invertebrates

Invertebrates constitute the vast majority, 95–97%, of
known animal species (Chapman, 2009; Roskov et al., 2019;
IUCN, 2020). It is therefore essential that invertebrates are
included in any plausible estimate of overall biodiversity
extinction. However, in contrast to the evaluation of all bird
and most mammal species (only ~5% listed as Data Defi-
cient), of the ~1.5 million described species of invertebrates
accepted by IUCN (2020), only 23,808 (1.6%) have been
evaluated, of which 6,525 (27%) are Data Deficient (see also
Eisenhauer, Bonn & Guerra, 2019). Despite his denial of sig-
nificantly enhanced rates of extinction (Briggs, 2016),
Briggs (2017) acknowledged that “using vertebrate animals
to predict global events” (p. 245) was problematic and advo-
cated that we “continuemonitoring the well-known groups of
insects and use them as surrogates to estimate the overall
extinction rate” (p. 257). We agree with this statement, but
we extend it to other groups of relatively well-known inverte-
brates, notably the molluscs.
Most animals are indeed insects; an estimated 1.05 million

extant species are known to taxonomists, with 88% of these
listed in the Catalogue of Life (Roskov et al., 2019;
IUCN, 2020) [IUCN (2020) derived its insect data from
Roskov et al. (2019)]. IUCN (2020) has evaluated only
9,793 (0.9%) of them (Fig. 1) and lists 2,561 (26%) as Data
Deficient and 63 as Extinct (0.9% of those evaluated, exclud-
ing those evaluated as Data Deficient). The tiny number
listed as extinct reflects the relatively tiny number evaluated
and the high proportion of those that are Data Deficient.
Few insect groups have been assessed in any way comprehen-
sively – none appears in Fig. 2 of the Red List Summary Sta-
tistics (IUCN, 2020). Notably, 7,406 (76%) of these insect
assessments are of Odonata (4,830 assessed out of an esti-
mated 6,650 known species), Lepidoptera (1,126 of
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158,570) and Coleoptera (1,450 of 392,415) (total numbers
of known species from Roskov et al., 2019). Among these three
groups, 2,000 (27%) are listed as Data Deficient and 43 as
Extinct (0.8% of the total, excluding those evaluated as Data
Deficient). Many insect species known only from the original
descriptions and from the type localities are less likely to be
assessed than better known species in the better known groups,
and even if they are assessed they are likely to be Data Defi-
cient. Yet these species may well be the most likely to be threat-
ened and therefore to have gone extinct. Thus the numbers
assessed as Extinct on the Red List are under-estimates, and
inappropriate to use to estimate true levels of extinction.

But furthermore, it is inappropriate to argue (Briggs,
2014b, 2014c, 2016, 2017), based on such subsamples of tax-
onomic groups and the numbers of species assessed by IUCN
as Extinct in those subsamples, that those same numbers are
the total numbers of Extinct species in each entire group, that
is, not just the assessed species but also those not assessed,
thus stating that since only 63 insect species are listed as
Extinct by IUCN out of the total 1.05 million species, the
rate of insect extinction is so low that it is not of concern.
Instead, it is necessary, at least, to extrapolate based on
the proportion listed as Extinct of only those assessed
(excluding Data Deficient) for the group, and not the total
known for the group, in order to estimate the proportion
extinct for the entire group. Thus, for instance, with 27 Lep-
idoptera listed as Extinct out of 1,042 assessed (excluding
Data Deficient), 4,109 of the 158,570 Lepidoptera species
(Roskov et al., 2019) would be estimated as extinct. Simi-
larly, 7,127 Coleoptera (16 listed as Extinct) but no Odo-
nata (none listed as Extinct) would be estimated as extinct.
Even within Lepidoptera, for Rhopalocera (butterflies)
(19,049 total species; Roskov et al., 2019) four are listed as
Extinct out of 973 assessed (excluding Data Deficient spe-
cies; note that very few moths have been assessed), and
extrapolation would estimate 78 extinct species, contrasting
with the three acknowledged by Briggs (2014b) but subse-
quently considered doubtful (Briggs, 2014c, 2015) or dis-
counted by him (Briggs, 2016, 2017). But even the
number of extinct species compared to the number of
assessed species in a group cannot give an unbiased estimate
of extinction rate, as highly threatened or extinct species
may be more prone to be listed than species that are not
threatened. For instance, for Dytiscidae (4,000 species; Ros-
kov et al., 2019), 24 species have been assessed (none Data
Deficient), and six are listed as Extinct (IUCN, 2020). [Inci-
dentally, one of these six species is Carabdytes novaecaledoniae
(Balfour-Browne) (included in the Red List since 1996 as
Rhantus novacaledoniae), which is not Extinct and has been
recorded recently from New Caledonia (Jäch &
Balke, 2008)]. Without knowing how the assessed species
were selected, it would not be justifiable to infer from these
figures that 25% of Dytiscidae species are extinct.

If the proportion of extinct, described insects were the
same as the proportion of mammals and birds listed as extinct
by IUCN (2020), then there should be roughly 15,000 extinct
species of insects. But even if extinction rates for insects are

lower than those for mammals and birds by as much as an
order of magnitude (Dunn, 2005; Stork, 2010), which the
data above do not seem to support, this still seems unlikely
to account for the tiny number listed as extinct on theRed List,
which is more likely to be a result of lack of knowledge, or a
lack of experts to undertake evaluations for the Red List. To
illustrate this last point, among the 139 taxon-specific Spe-
cialist Groups of the IUCN Species Survival Commission,
only 17 are devoted to invertebrates, yet there are 36 for
mammals and 19 for birds. Therefore, extrapolating from
the Red List numbers for insects (or from a subset of insects)
to a global estimate of the number of extinct species will still
result in an under-estimate (Dunn, 2005). And because dif-
ferent groups of insects may have suffered different rates of
extinction, as suggested by the analysis above, selection of
one or a few groups in particular may not be representative
of insects as a whole. Incidentally, it is symptomatic that,
despite the 373 chordate species listed as extinct
(IUCN, 2020), not one of their multicellular (helminths, lice,
crustaceans) or unicellular parasites is listed; for example, a
species of amphipod that parasitised Steller’s sea cow, Hydro-
damalis gigas (Boxshall & Hayes, 2019) and six Phthiraptera
(lice) that went extinct when their bird hosts disappeared
(coextinction), and 2–4 other lice, the extinction of which
was due to efforts to save their hosts, including the little spot-
ted kiwi, Apteryx owenii (Fig. 3), and the California condor,
Gymnogyps californianus (R�ozsa & Vas, 2015).

Briggs (2017, p. 245) stated that

…butterflies, tiger beetles, dragonflies, damselflies… have been of

special interest to amateur and professional entomologists. Each

group is well known, it has a worldwide distribution and its spe-
cies extinction during the past 500 years is documented. Among

these four groups, 25 260 species have been evaluated, and only
three were found to have become extinct (Briggs, 2016)

It is true that butterflies are more popular and hence prob-
ably better known by naturalists globally than other groups of
insects, but this does not mean that their extinctions are well
documented: there are only four extinct butterflies listed in
the Red List (IUCN, 2020), despite the fact that more extinc-
tions are reported in the literature (e.g. Penz, Simonsen &
Devries, 2011).

The statement that 25,260 species in these groups had
been evaluated is not true. In fact only 5,877 of them have
been assessed by IUCN (2020): 4,830 odonates out of a total
of 5,912, 1,043 of 19,049 butterflies and four of more than
2,300 tiger beetles (Cicindelinae; Cassola & Pearson, 2000;
Briggs, 2015). His figure of 25,260 is in fact the total number
of then known species of odonates, butterflies and tiger bee-
tles (Briggs, 2014c, 2015, 2017). To conclude, for instance,
that none of the >2,300 tiger beetles has gone extinct on
the basis of the four that have been evaluated is not appropri-
ate. Thus Briggs’ estimates of extinction rates are artificially
low. Nonetheless, at least odonates and butterflies do appear
to exhibit lower than average extinction rates among insects
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as a whole, based on Red List data, perhaps because higher
vagility and concomitant larger range sizes reduce extinction
risk in these highly volant groups.

No single large insect group has been comprehensively
assessed for the Red List. For this reason, using the proportion
of species listed as extinct by the Red List in a given group of
insects compared to the number of described species in that
group to assess extinction rates is misleading.

(2) The value of terrestrial molluscs for assessing
invertebrate extinction rates

In attempts to surmount this apparently intractable inverte-
brate problem, Régnier et al. (2009, 2015a, 2015b) and Cowie
et al. (2017) focused on molluscs. Molluscs are a reasonably
well-known group of invertebrates, whichmakes them valuable
from the perspective of extrapolating extinction rates to biodi-
versitymore broadly. They constitute the second largest animal
phylum after arthropods in terms of numbers of known valid
extant species (83,584 catalogued in MolluscaBase as of
13 October 2021; MolluscaBase editors, 2021), with estimates
of up to 200,000 molluscan species in total (Chapman, 2009)
and even of 200,000marine species alone (Bouchet et al., 2016).

Of the known mollusc species, 8,772 (~10.5%) have been
evaluated (Fig. 1), and of these 2,213 are Data Deficient.

IUCN (2020) lists 299 as extinct, which is 4.6% of the total eval-
uated, excluding those that are Data Deficient. Thus, molluscs
have suffered a considerably higher rate of extinction than birds
and mammals (1.5%; see Section III.1), based on analysis of the
IUCN Red List data, with the caveat that there is probably some
bias towards listing extinct species. Despite the relative lack of
data on invertebrates compared with vertebrates, almost the
same number of molluscs (299) are listed as extinct by
IUCN (2020) as all mammals, birds, reptiles and amphibians
combined (314); most of those molluscs (273) are gastropods,
with the great majority being land snails from oceanic islands
and more than half of these (135) being Pacific island snails.
Preservation potential of organism remains is important in

assessing extinctions, but there are inherent preservation biases
that can influence such assessments (Plotnick et al., 2016). For
instance the preservation potential ofmammals is much greater
than that of amphibians (McCallum, 2007) and that of large
vertebrates is much greater than that of small vertebrates
(McCallum, 2015). Among terrestrial invertebrates, molluscs
are a good candidate for assessing species losses, as they leave
long-lasting remains (shells) in the fossil and archaeological
records when they die (Fig. 4). On islands, especially where
limestone substrates with a high calcium content allow long-
term persistence of empty shells (�Ríhov�a et al., 2018), many sur-
veys have revealed a recently vanished fauna (Fig. 5), and spe-
cies new to science, although already extinct, have been
described (e.g. Christensen, 1982; Abdou & Bouchet, 2000;
Bouchet & Abdou, 2001; Zimmermann, Gargominy &
Fontaine, 2009; Richling & Bouchet, 2013; Sartori,
Gargominy & Fontaine, 2013, 2014; Gerlach, 2016; Christen-
sen, Kahn & Kirch, 2018) (Fig. 4). Insects or other arthropods,
many of which do not leave identifiable remains, generally can-
not provide such an insight into recent extinctions as molluscs
can, unless time-demanding sample analysis methods are used
(e.g. swamp coring), in which case recent insect extinctions and
their possible causes may be revealed (e.g. Whitehouse, 2004,
2006; Craig & Porch, 2013; Porch & Smith, 2017). Nonethe-
less, many insects are preserved in amber (Poinar, 1993) and
others are well known from, for instance, lacustrine deposits,
fen and bog peat deposits, and oil seeps (Durden, 1966;
Elias, 1991; Smith & Moe-Hoffman, 2007; Smith &
Marcot, 2015; Holden et al., 2017).

(3) An assessment of global extinction based on
molluscs

Despite major efforts by IUCN, the Red List data for mollusc
extinctions remain far from comprehensive. We have under-
taken assessments that have shown that many more mollusc
species are known by the scientific community to be extinct
than are included in the Red List (Régnier et al.,
2009, 2015a, 2015b; Cowie et al., 2017). Our approaches
were a combination of expert and survey/records
approaches (cf. Keith et al., 2017; Thompson et al., 2017).
However, they were not probabilistic, structured reasoning
approaches (Keith et al., 2017), although they did incorporate
probability modelling aspects.

Fig. 3. Parasites, such as this louse (Phthiraptera, Rallicola
pilgrimi Clay, collected June 2014, South Island, New Zealand),
which went extinct when its host, the little spotted kiwi (Apteryx
owenii Gould), was transferred to predator-free islands (Buckley
et al., 2012), and which is not on the Red List, are almost
completely unknown in the assessment of extinctions.
Photograph: Creative Commons 4.0. Te Papa (A1.018470).
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Our most recent numbers (Cowie et al., 2017) are 638 spe-
cies extinct, 380 possibly extinct, and 14 extinct in the wild, a
total of 1,032 species in these combined categories, and more
than twice as many as listed by IUCN (2020) in these catego-
ries (462). Furthermore, based on expert assessment of a rig-
orously random global sample of 200 land snail species
(Régnier et al., 2015a), extrapolation estimated that of the

~30,000 land snail species – the number recognised at that
time by Rosenberg (2014) – 3,000–5,100 (10–17%) may
have gone extinct [based on re-assessment of the data of
Régnier et al. (2015a) by Cowie et al. (2017)]. When extinc-
tions of the ~44,000marinemolluscs (Rosenberg, 2014) were
taken as effectively zero (three Extinct, three Possibly Extinct;
Cowie et al., 2017), then 4–7% of the 73,000–75,000

Fig. 4. Recently extinct Endodontidae from Rurutu (Austral Islands, French Polynesia). Photographs: O. Gargominy, A. Sartori
(Muséum national d’Histoire naturelle, Paris).

Fig. 5. Rurutu (Austral Islands, French Polynesia) was once home to 19 species of endemic Endodontidae (Mollusca). Despite
extensive searches in the remaining patches of native vegetation, such as at the foot of this cliff, only empty shells were found. All
19 species are now considered extinct. Photograph: B. Fontaine.
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(Rosenberg, 2014) described mollusc species had gone
extinct (Cowie et al., 2017). According to MolluscaBase
(MolluscaBase editors, 2021), the total number of known
valid extant mollusc species is somewhat higher than the esti-
mates of Rosenberg (2014) that Régnier et al. (2015a) and
Cowie et al. (2017) used in their calculations; however, the
overall picture of extinction has not changed.

If we assume that (i) the 200 land snail species sampled by
Régnier et al. (2015a) are representative of known non-
marine invertebrate diversity and their extinction rate
(admittedly a bold assumption), (ii) three-quarters of species
are non-marine (Mora et al., 2011), and (iii) marine extinc-
tions are negligible compared with non-marine extinctions,
then approximately 7.5–13% (150,000–260,000) of all ~2
million species have gone extinct since around 1500. This is
orders of magnitude greater than the 882 (0.04%) listed as
extinct by IUCN (2020). But is it a biodiversity crisis, or even
the Sixth Mass Extinction?

V. CURRENT VERSUS BACKGROUND
EXTINCTION RATES

Arguments surrounding the question of whether current
extinction rates are artificially high depend on an assessment
of the background rate of extinction. Since Pimm et al. (1995)
introduced the E/MSY metric (number of extinctions per
million species-years), this statistic has been used frequently
to describe the background rate, with most authors reaching
estimates of 0.1–1 E/MSY (Ceballos et al., 2015), with some
suggesting that typical rates may be closer to 0.1 E/MSY
(De Vos et al., 2015; Lamkin & Miller, 2016; Pimm &
Raven, 2019). However, based on mammals, Ceballos
et al. (2015) estimated a background rate of ~2 E/MSY.
Nonetheless, Briggs (2016, 2017) preferred to use a Pleisto-
cene background extinction rate of about 0.5 species per year
for comparison with modern extinctions. However, the great
value of E/MSY is that the rate of extinction (proportion of
the biota going extinct) is independent of the total number
of species, while a specific number of species going extinct
says nothing about the rate. Nonetheless, for ease of compar-
ison, and under the assumption of a total of ~2 million
described species, a background rate of 2 E/MSY (Ceballos
et al., 2015) equates to 4 species extinctions per year, but
0.5 species per year (Briggs, 2017) equates to only 0.25
E/MSY. Using the 2 E/MSY value of Ceballos et al. (2015)
for comparison with modern rates is therefore eight times
more conservative than using the 0.5 species per year of
Briggs (2016, 2017) because the difference between 4 per
year and the modern rate will be smaller than that between
0.5 per year and the modern rate, and will thus de-emphasise
the inference of a biodiversity crisis. Further, in the present
timeframe of hundreds of years (i.e. IUCN listing extinctions
since 1500), for ease of understanding, E/MSY is equivalent
to the number of extinctions per 10,000 species per
100 years.

Hence, our estimate of 150,000–260,000 extinctions of
all species during the roughly 500 years since 1500 (300–
520 extinctions per year) among ~2 million species equates
to 150–260 E/MSY, far greater than even the high and
conservative background rate of Ceballos et al. (2015). If,
more conservatively, we base our calculations on the
638 mollusc species we (Cowie et al., 2017) considered
extinct, out of ~80,000 extant (not fossil-only) mollusc spe-
cies (MolluscaBase editors, 2021), including marine species
that have suffered negligible extinction, we obtain a rate of
16 E/MSY, or 26 E/MSY if we also include species we con-
sidered possibly extinct (380) and extinct in the wild (14);
however, these estimates are artificially low because we
compared known (by us) extinctions with total known spe-
cies, as opposed to only those known species the status of
which we had screened (additional known species might
be extinct, unbeknown to us). If we use the IUCN (2020)
numbers of 299 mollusc species extinct out of 6,559 non-
Data Deficient mollusc species evaluated, we obtain a rate
of 91 E/MSY, although this is artificially high because of
bias in listing known extinct species. The average of these
various estimates of mollusc extinctions falls a little over
100 E/MSY but with a huge variance dependent on the
data used.
For amphibians, McCallum (2007) estimated modern

extinction rates (based on IUCN Red List data) of 10–61
E/MSY. Pimm et al. (2014) estimated rates for species of birds,
amphibians andmammals, respectively, described before 1900
as 49, 66 and 72 E/MSY, and described after 1900 as 132, 107
and 243 E/MSY. For plants,Humphreys et al. (2019) estimated
modern extinction rates at 171 E/MSY for plants described
before 1900, and 60 E/MSY for species described after 1900.
All these estimates of E/MSY fall within the range 10–243,
with an average of just over 100 E/MSY but again a wide
variance.
Taken together, therefore, these estimates fall within a

similar range to those of previous studies (e.g. Table 2 of
Lamkin & Miller, 2016) and suggest a contemporary rate
100–1,000 times greater than the background rate, that is,
based on a background rate of 1 or 0.1 E/MSY, respec-
tively. Lamkin & Miller (2016) estimated E/MSY as
~1.05 based on the IUCN number of extinct species, but
as a proportion of all known species, an approach that, as
discussed above, seriously under-estimates true extinctions.
Nonetheless, they also estimated E/MSY based on numbers
of extinct plus additional ~1,000 suspected extinct species
for a value of ~10 E/MSY, and then included all ~20,000
Threatened species for a value of ~58 E/MSY, which is of
the same order of magnitude as found by other studies.
Regardless of the relative numbers, whether one accepts a
background rate of 1.0 or 0.1 E/MSY, extinction rates
assessed in many studies have increased within the last
500 years and, despite the problem that rates estimated
over longer time intervals are lower than those estimated
over shorter intervals, they are many times higher than
the background extinction rate derived from the fossil
record (Barnosky et al., 2011).
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VI. ISLANDS AND OTHER INSULAR HABITATS

Most estimates of extinction rates, including ours (Régnier
et al., 2009, 2015a, 2015b; Chiba & Cowie, 2016; Cowie
et al., 2017), indicate that island species have suffered far
greater rates than have continental species, a fact that is
widely acknowledged (Manne, Brooks & Pimm, 1999;
Stork, 2010; Triantis et al., 2010). However, Briggs (2017)
discounted this as not representative of a Sixth Mass Extinc-
tion, focusing on continental faunas with much lower extinc-
tion rates. But ignoring island species downplays the
seriousness of these losses, with figures such as 2,000 bird spe-
cies extinctions on Pacific islands after human colonisation
beginning just a few thousand years ago (Steadman, 1995),
that is, the loss of almost one sixth of the current worldwide
bird fauna. While it has generally been thought that the vast
jungles of the Amazon Basin and Central Africa may not be
populated by extremely narrow endemic species, at least not
on the scale of island endemics inhabiting only a few square
kilometres, there are nonetheless many habitat islands within
continental regions that do indeed support relatively narrow
endemics that are just as threatened as those of oceanic
islands (Manne et al., 1999).

The land snails of karst outcrops in South-East Asia and
elsewhere are highly diverse and narrowly endemic, often
to single outcrops, and are under severe threat (Clements
et al., 2008; Vermeulen & Marzuki, 2014). Freshwater
springsnails are particularly vulnerable because of their typi-
cally narrow ranges, often just a single spring or spring com-
plex (Ponder & Clark, 1990; Hershler, Liu &Howard, 2014),
as are amphipods (Murphy, Adams & Austin, 2009) and
other taxa including plants (Rossini et al., 2018) of artesian
springs in Australian deserts. Cave faunas in many parts of
the world harbour highly endemic invertebrate faunas, with

some species restricted to single caves, for example in
Romania (Moldovan et al., 2020) and South Africa (Ferreira
et al., 2020). Fish species in isolated Chinese plateau lakes
exhibit high levels of single-lake endemism (Ding
et al., 2017), as do freshwater snails endemic to one or a
few of these lakes (Zhang et al., 2015). Ancient lakes in the
Balkans support radiations of endemic snails (Stelbrink
et al., 2016) and crustaceans (Korovchinsky &
Petkovski, 2014). Equally, the biota of single isolated moun-
tain tops (sky islands) often include endemic species of many
groups (Leite, Kok & Weksler, 2015; Merckx et al., 2015;
Breure, 2019; Rull et al., 2019). All these ecosystems are iso-
lated by the surrounding habitat and in this regard are
equivalent to oceanic islands. But the biodiversity of many
of these isolated habitats has been only poorly surveyed
and no doubt large numbers of endemic species await dis-
covery. While it certainly seems that island biota are more
subject to extinction than continental species (Fig. 6), such
a broad conclusion may hide the vulnerability of the great
diversity of narrowly endemic continental species occurring
on such island equivalents. Even in the Amazon basin it is
increasingly recognised that many cryptic taxa may not only
be restricted to areas of endemism bounded by major rivers
but also only occur in mini-interfluvia within these areas
(Fernandes, 2013).

VII. MARINE SPECIES

Environmental health of the oceans is the subject of consider-
able media attention, that to a large extent tends to treat pol-
lution (e.g. the “seventh continent” of plastic; Ter Halle &
Perez, 2020), the collapse of fisheries, and extinction as

Fig. 6. Right: Tropical islands such as Anjouan in the Comoros, have suffered extensive deforestation for agriculture. Native
vegetation is generally completely lacking at lower altitudes, and the highest ridges and mountaintops are now the last refuges of
the remaining extant endemic species. Left: Other islands such as Rapa in the Austral Islands, French Polynesia, which has an area
of only 40 km2 and used to have more than 100 endemic land snail species, 59 endemic plant species and 67 endemic weevil
species, are now mostly barren. Fires and overgrazing by introduced herbivores have destroyed much of the upper elevation
habitat, and the vegetation at lower altitudes is dominated by invasive species. Photographs: B. Fontaine.
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different manifestations of the same problem. Ironically,
although the first five mass extinctions are documented based
on the marine fossil record, there is remarkably little evi-
dence that a Sixth Mass Extinction may have begun in the
oceans. Two much cited studies (Myers & Worm, 2003;
Worm et al., 2006) have documented the overfishing, past,
present and projected, of commercial fish stocks and their
collapse by the middle of the 21st century, leading to media
statements such as “seafood off the menu by 2048”
(Biello, 2006) and “no more fish by 2048” (Burrows, 2018).
However, commentators have confused commercial extinc-
tion (the economic and ecological collapse of fish stocks)
and biological extinction (the disappearance of all individuals
of a species). It cannot be denied that commercial fish stocks
have been, and continue to be depleted and the reduction of
size in target fishes throughout the 20th century provides
compelling evidence of “shifting baselines” (Pauly, 1995;
Jackson et al., 2001; Pauly, Watson & Alder, 2005; Zeller &
Pauly, 2018). It is, therefore, remarkable that, in contrast to
this massive body of evidence, there is a just one documented
extinction of a truly marine fish: Sympterichthys unipennis

(Cuvier), known from a single specimen collected in Tasma-
nia in 1802 (Last, Edgar & Stuart-Smith, 2020). Additionally,
the houting, Coregonus oxyrinchus (L.), from the estuaries of
the North Sea basin, and the amphidromous New Zealand
grayling, Prototroctes oxyrhynchus Günther, are also extinct
(Freyhof & Kottelat, 2008; West, David & Ling, 2014). All
other 72 fish species listed as Extinct (62) or Extinct in the
Wild (10) on the Red List (IUCN, 2020) are strictly from fresh
water. In addition to fishes, marine species listed as extinct
include the iconic Steller’s Sea Cow, Hydrodamalis gigas

(Zimmermann) (Fig. 7), the Caribbean monk seal, Neomona-
chus tropicalis (Gray), the great auk, Pinguinus impennis (L.),
and several other seabird species (although the monk seal
and the seabirds faced threats when on land rather than in
the sea), as well as just one alga species (the rhodophyte Van-
voorstia bennettiana (Harvey) Papenfuss), from Sydney Har-
bour, not recorded since 1886, and four species of marine
molluscs. Of these molluscs, Littoraria flammea (Philippi) from

the mangroves and saltmarshes of China, has been rediscov-
ered (Dong, Huang & Reid, 2015), although its survival
remains uncertain; and the assimineid Omphalotropis plicosa

(Pfeiffer) from Mauritius qualifies more as a halophile terres-
trial species than as a marine snail. In fact, the New England
eel-grass limpet, Lottia alveus (Conrad), remains the only
marine invertebrate the taxonomic status of which is undis-
puted and which has a well-documented extinction history
(Carlton et al., 1991). The decline of the fourth mollusc spe-
cies, Lottia edmitchelli (Lipps), first described as a Pleistocene
fossil, is not linked to obvious modern environmental changes
and may have been natural.
Roberts & Hawkins (1999, p. 245) argued that “there are

several reasons to suspect that many marine extinctions have
gone unnoticed”, an assertion with which we agree. But we
do not share their judgement that “compared with terrestrial
ecosystems, the sea has been far less studied and the historical
baseline of information tends to be brief. It is harder to sam-
ple marine ecosystems” (p. 245); whereas their statement that
“our taxonomic knowledge of many groups remains frag-
mentary” (p. 245) applies just as well to most non-marine
invertebrate groups.
Beyond the Red List, there are indeed additional cases of

marine species declared extinct (e.g. Carlton, 1993; Peters
et al., 2013; White, Kyne & Harris, 2019; Tenorio
et al., 2020), and Gravili et al. (2015) even speculated that of
53 species of MediterraneanHydrozoa not recorded in the lit-
erature in the preceding 41 years, 60% (i.e. 32 species) could
be declared Extinct. Just as on land, species declared extinct
may also be rediscovered (de Weerdt & Glynn, 1991;
Glynn & Feingold, 1992; Díaz, Gast & Torres, 2009).
Admittedly, the vastness of the marine realm and the

remoteness of some places make it difficult to conduct
exhaustive surveys to document the conservation status of
many of its species components. However, this vastness and
this remoteness are precisely what makes marine species less
prone to global extinction.
We agree with Roberts & Hawkins (1999, p. 245) that

“what is now beyond doubt is that many marine species have

Fig. 7. Steller’s sea cow (Hydrodamalis gigas (Zimmerman)), one of the few documented marine extinctions, skeleton in the Musée des
Confluences, Lyon. Photograph: Vassil, via Wikimedia Commons.
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begun walking the path to global extinction”, that the various
threats continue to mount (e.g. Sullivan, Constant & Lub-
chenco, 2019) and that extreme rarity may be the harbinger
of extinction (Hull et al., 2015), but we conclude, in line with
the review of Monte-Luna et al. (2007) and with the views
defended by Briggs (2017), that there is no evidence that a
Sixth Mass Extinction has already hit marine biota.

VIII. PLANTS

This commentary has focussed on animals, and especially
non-marine animals. But plants, although probably more
fully described than the myriads of invertebrates, are poorly
covered by the Red List (Humphreys et al., 2019). The 2016
Kew Royal Botanical Garden report (RBG Kew, 2016)
acknowledged that proving extinction in plants is difficult
because species may be difficult to detect, especially those
that do not flower every year, and because of lack of survey-
ing effort. Moreover, only 10% of known plant species have
been assessed by IUCN (2020), a small sample skewed
towards species that are supposed to be more prone to extinc-
tion by Red List assessors (RBG Kew, 2016). While stating
that 21% of plant species are threatened with extinction
according to the IUCN criteria, the Kew report did not give
any figure for known extinctions in plants. IUCN (2020) has
evaluated 43,556 plant species and lists 120 species as Extinct
and 39 Extinct in the Wild (0.32% combined of those evalu-
ated), with 17,507 in the threatened categories of Critically
Endangered, Endangered and Vulnerable (41% of those
evaluated and 4.1% of the total diversity).

There have been several attempts to produce regional
counts of plant extinctions, generally producing low figures:
0.53% of the native flora in California (Rejm�anek, 2018),
0.38% of the Spanish flora (Aedo et al., 2015), and 0.55%
of the overall flora of Mediterranean Europe but 2% of the
native flora of Europe and Israel (Essl et al., 2013). Based on
literature reviews, Humphreys et al. (2019) compiled the first
ever global list of known extinct plants, a total of 571 species.
This included 491 species that were not on the Red List, which
currently (IUCN, 2020) lists 120, and excluded others that
were previously listed as Extinct but had been rediscovered
or synonymised. De Vos et al. (2015) also showed that the cur-
rent extinction rate for plants is up to 500 times their back-
ground extinction rate. However, this figure is far less than
an earlier estimate of ~30,000 plants likely to go extinct by
2015, which was extrapolated from a species–area approach
applied to the loss of tropical forests (Heywood &
Stuart, 1992). Cronk (2016) explained the discrepancy
between these estimates and the IUCN figure as a result of
two factors: (i) the general fact, also applicable to animals,
that extinction lists are highly conservative because of the dif-
ficulty of proving that a species is extinct and the fear of the
Romeo Error; but mostly (ii) the long extinction lag time, that
is, the time between the occurrence of the event leading to
extinction (habitat degradation, or extinction of a species

needed to accomplish the life cycle such as a seed disperser
or pollinator) and the demise of the last individual of the spe-
cies – the phenomenon known as extinction debt (Tilman
et al., 1994; Triantis et al., 2010; Figueiredo et al., 2019). For
plants, this lag time may last several centuries. This phenom-
enon is illustrated by the fact that in highly degraded ecosys-
tems, such as agricultural areas where the native forest has
been cleared, for instance in Costa Rica (Janzen, 2001), indi-
vidual indigenous trees may survive for decades although
there is no recruitment; these trees were called “the living
dead” by Janzen (2001). This lag time is usually much longer
in plants than in animals because (i) many plants have longer
lifespans than animals, (ii) the presence of a soil seed bank
that may produce individuals until it is exhausted, and (iii)
many plants can reproduce asexually, which allows the last
individual to produce successors.

However, several studies comparing local extinction rates
among various taxonomic groups have shown that plants
usually have lower extinction rates than invertebrates (J. A.
Thomas et al., 2004; Essl et al., 2013). It remains to be demon-
strated that this is true at a global level, but it may be that
plants indeed have a lower rate of extinction than animals.

The phenomenon of long extinction lag times may also
occur in long-lived animals such as freshwater pearl mussels
(Unionidae), which may have living populations of old ani-
mals but no recruitment when the fish hosts of the larvae have
been extirpated.

IX. WHAT SHOULD WE DO NOW?

As we have shown, many publications based on independent
methods demonstrate the reality of the crisis. The Sixth Mass
Extinction may have not occurred yet, but heightened rates
of extinction and huge range and population declines have
already occurred, and whatever it is called, biodiversity is
changing at a greater rate than it would in the absence of
anthropogenic influences. This is a fact. Denying it is simply
flying in the face of the mountain of data that is rapidly accu-
mulating, and there is no longer room for scepticism, won-
dering whether it really is happening.

We understand the costs of over-estimating extinction
rates (Akçakaya et al., 2017), notably that by doing so, species
incorrectly assessed as extinct would be excluded from con-
servation support, with a loss of credibility should the species
be subsequently discovered to be extant
(e.g. Battarbee, 2014). Recording an invertebrate as Proba-
bly Extinct garners no headlines, but its rediscovery does,
especially in this era of science denial. But under-estimating
rates provides fuel to those who consider there to be no bio-
diversity crisis, as stressed by Diamond (1987), which may
lead to even greater exclusion from support. With all the
uncertainty that is inherent in declaring a species – especially
an invertebrate – extinct, our review indicates that the most
probable scenario is that the true levels of anthropogenic
extinctions rank among what environmental sceptics call
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“over-estimation”. It is an over-estimation only to those who
reject facts that do not conform to their personal or political
agendas. That the Sixth Mass Extinction has begun on land
and in freshwater seems increasingly likely.

Humankind has the power to manipulate the Earth on a
grand scale. We are the only species with such power and
choices (Deer, 2019). We are not, therefore, as some would
argue (e.g. Thomas, 2017), just another species going about
its business in the greater evolutionary scheme of things, an
argument that gives carte blanche to those who would
destroy the Earth for their own short-term gain. Neither
should we, as others argue, focus solely (or at least primarily)
on manipulating the Earth for human well-being, whatever
that means. Such attitudes, reviewed and criticised by
Meine (2018) and Rolston (2018), are an abdication of
responsibility – indeed an abdication of morality
(e.g. Cafaro & Primack, 2014; Rolston, 2018). In our power,
we are qualitatively different from all other organisms. Nei-
ther is our impact on the Earth just another major impact like
an asteroid collision; we have choice, asteroids do not. We
have a moral and ethical obligation to use that power judi-
ciously not capriciously (Dasgupta & Ehrlich, 2019; Sullivan
et al., 2019).

But we cannot help but feel that humanity is allowing a
probable Sixth Mass Extinction to unfold, and it is pie in the
sky to think that this situation will change in any major way,
despite attempts by some to influence politicians and business
people. Specific conservation programs try to save a species
here and another there,mostly birds andmammals; and some
will indeed be successful (e.g. Bolam et al., 2020) – even if ex situ
– giving the false impression, which will be touted by the
deniers, that we are successful in combatting the crisis. Agen-
cies, including IUCN, document threats but have little impact
in terms of ameliorating those threats on a large scale. Editors
exhort us to conclude our publicationswith an effort to be pos-
itive but it is surely better to be realistic. So what can we do?

The good news is that conservation efforts may sometimes
be effective.When specific threats are removed, target species
may recover from being on the brink of extinction. For exam-
ple: recoveries of marine mammal species following hunting
bans (Lowry et al., 2014; Bejder et al., 2016); recovery of native
faunas, including invertebrate species, after invasive species
eradication on islands (Jones et al., 2016); peregrine falcon,
Falco peregrinus Tunstall, 1771, recovery from near-extinction
in North America after banning of DDT (Cade & Burn-
ham, 2003). However, these rare successes should not hide
the fact that since most species population decreases are
caused either multifactorially or by large-scale habitat degra-
dation or loss, removing the cause of the decrease is usually
beyond the reach of single conservation actions. Moreover,
most such bright spots target vertebrates; for the vast majority
of threatened invertebrate species, targeted actions to remove
threats will never be undertaken. There are multiple initia-
tives, at various levels, to try to slow or prevent the SixthMass
Extinction: initiatives by individuals, non-governmental orga-
nisations, and green parties at the political/social level
(e.g. Extinction Rebellion; or the ban of neonicotinoids by

theEuropeanUnion in2018afterdecadesof lobbyingbyenvi-
ronmentalists and already suffering exceptions), efforts by
conservation agencies to protect individual species or set up
protected areas, etc. None of these initiatives is enough, many
will have little orno impact, but all areneeded to try to slow the
process, even though theymaybarely reduce the rateof extinc-
tion (Engel et al., 2021). Most such initiatives are not species
oriented (except for some charismatic vertebrates) and work
at a large scale (protected areas, environmental legislation,
environmental education).We know that there cannot be spe-
cific actions to protect all living species individually.
In the context of limited time, funding and people to fight

the biodiversity crisis, conservationists have suggested several
approaches to help establish taxonomic or geographic prior-
ities for action, including, among many others: selecting
areas with both the highest diversity and highest threat level,
that is, biodiversity hotspots (Myers et al., 2000; Myers, 2003);
selecting species based on threat level and phylogenetic value
(Redding & Mooers, 2006; Isaac et al., 2007; Volkmann
et al., 2014); taking into account taxonomic, phylogenetic
and functional diversity (Cadotte & Tucker, 2018); incorpo-
rating comprehensiveness, representativeness, surrogacy,
but also persistence of investments and cost-efficiency in spa-
tial prioritisation (Wilson, Cabeza & Klein, 2009); integrat-
ing ecosystem services in conservation planning (Chan
et al., 2006); taking into account human population pressure,
habitat and protection status (Shi et al., 2005); capacity build-
ing in megadiverse countries (Fan et al., 2020; Tong, 2020);
and increased efforts to combat extinction denial (Lees
et al., 2020) and improve public education and outreach to
address science denial in general (Rutjens et al., 2021). The
list is almost endless, and although these tools may help con-
servation planning and are certainly useful, we should admit
that they are not sufficient to solve the crisis.
But this is where we, as taxonomists and systematists,

should play our part, since we are better informed than most
other scientists about the fate of individual species. We must
nurture the innate human appreciation of biodiversity – why
is David Attenborough so popular and famous? We must
spread the message that the biodiversity that makes our
world so fascinating and beautiful is going extinct unnoticed
at an unprecedented rate, far faster than some would have us
believe, and that preserving ecosystem function (e.g. by
restoring habitats) is not enough to prevent extinctions. And
because it is not feasible to conserve all species we must do
our best to collect (and if possible describe) species before
they go extinct – “salvage sampling” (Mesibov, 2004) – an
effort emphasised by Boehm & Cronk (2021) and Engel
et al. (2021). All this will depend on reviving the venerable
but no longer trendy study of natural history and taxonomy
– “bionomy” as espoused by Dijkstra (2016), especially in
academic institutions in the Global North where it has
declined drastically. Much of this has been said many times
by many people, but rarely more eloquently than by Dijk-
stra (2016, p. 174): “In an era of extinction, there are no
greater priorities than to accelerate the synthesis of life, sal-
vage knowledge and increase awareness. To do so, we need
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our strongest familiarity with all species.” Furthermore, to
develop a sound view of all life on Earth it is crucial that in
addition to the large, beautiful and charismatic animals we
also focus our attention on the “endless forms most stupid,
icky, and small” – the non-charismatic invertebrates
(Czekanski-Moir & Rundell, 2020, p. 12638).

However, at the current pace of exploration and discovery
(IISE, 2012), it will take over 300 years to describe the
remaining undocumented 6 million species of the planet
(Bouchet et al., 2016). Yet the bottlenecks to finding, collect-
ing, describing and naming the remaining species of the
world are not technical or technological, but sociological
and regulatory. For example, with all good intentions, the
1992 Convention on Biological Diversity (CBD) and in par-
ticular its 2010 appendix, the Nagoya Protocol, introduced
regulatory changes that, rather than facilitating it, have made
biodiversity collecting and research extremely difficult to
undertake, especially in some of the most biodiverse countries
and for the multitudes of little-known invertebrates for which
local capacity to describe species is lacking (Bouchet
et al., 2016; Prathapan et al., 2018).

In the preparation for the 15th meeting of the Conference
of the Parties (COP 15) to the CBD, numerous world leaders,
in September 2020, made declarations that biodiversity
extinction must be stopped by 2030. And the first resolution
of the Kunming Declaration (COP 15, 2021), released on
13 October 2021 during the first part of the COP 15, “com-
mits … to reverse the current loss of biodiversity and ensure
that biodiversity is put on a path to recovery by 2030 at the
latest …”. We naturally hope that the COP 15 will go
beyond declarations of goodwill, and will constrain the
parties to set up capacity building in megadiverse countries,
combat extinction denial and scepticism and promote better
public outreach, among many other effective steps humanity
can take to fight the crisis. Sound ideas for action are many,
and encompass a vast array of subjects, from proper design
of protected areas to taxation, family planning and green
agriculture, as listed in reviews such as IPBES (2019) and
Ripple et al. (2017), but it seems that political will is lacking.
Furthermore, we feel that overly strict restriction of interna-
tional collaboration, aimed at protecting individual coun-
tries’ biological resources from external commercial
exploitation, should be revisited as it is currently putting
roadblocks in the way of a deeper basic understanding of bio-
diversity and the crisis it faces, especially in the tropics. Local
capacity building may go some way to ameliorating this
problem. The precedent of the European Union, that had
earlier failed to reach its ambitious target of halting the loss
of biodiversity by 2010, and the failure of the world’s coun-
tries (IPBES, 2019) to reach the Aichi target number 12 set
in 2010 by the CBD in Nagoya (“By 2020 the extinction of
known threatened species has been prevented and their con-
servation status, particularly of those most in decline, has
been improved and sustained”), admittedly does not lead to
optimism, on top of which there are concerns that indicators
used to measure biodiversity erosion do not measure extinc-
tion risk (Fontaine et al., 2007).

But we are not throwing up our hands and embracing a
likely Sixth Mass Extinction. Rather, we are realistically
accepting that there will be many more losses and suggesting
that it is important to preserve and document representatives
of those future losses. But perhaps, with efforts to publicise
the crisis, biodiversity scientists may achieve some successes,
such that a significant component of currently extant global
biodiversity can be preserved in the wild, and many of those
species that will be lost from the wild can at least be preserved
in museums for future generations to study and marvel at.

Denying the Sixth Mass Extinction, simply accepting it and
doing nothing about it or even embracing it for the benefit
(definedbywhom?)ofhumanity, paves theway for it tohappen.

X. CONCLUSIONS

(1) The Sixth Mass Extinction of Earth’s biodiversity, dis-
tinct from previous such events because it is caused by
human activities, has been acknowledged by many for
at least 30 years. We define this crisis for biodiversity as
including all anthropogenic extinctions since modern
humans expanded out of Africa between 200,000 and
45,000 years ago, although extinction rates are now
much greater than they were at the start. Yet some deny
that there is a crisis, basedon twoprimarycritiques: (i) the
claim that estimated extinction rates have been exagger-
ated and that the current extinction rate is not signifi-
cantly greater than the natural background rate, and (ii)
that because humans are part of the natural world,
human-caused extinctions are a natural phenomenon,
a part of the evolutionary trajectory of life on Earth.

(2) We counter these arguments by showing that current
extinction rates, notably in terrestrial invertebrates,
are far higher than background extinction rates. We
also show that use of IUCN Red List extinction data
to determine current extinction rates inevitably leads
to dramatic under-estimation of rates, except for birds,
mammals and perhaps amphibians. Red List data have
been used inappropriately by some to deny that there
is a crisis. And as humanity has the power of choice,
we further argue that a laissez-faire attitude to the cur-
rent extinction crisis is morally wrong.

(3) We review alternative approaches for assessing extinc-
tions, focusing on the need to address invertebrates,
and argue that molluscs have significant advantages
among invertebrates because of their shells, which
remain after death as a permanent record, while most
other invertebrates vanish without trace and would
therefore never be known had they not been collected
prior to going extinct. (We note, however, the not-
insignificant body of work on fossil insects.) We review
our own studies of extinction in molluscs and by logical
extrapolation conclude that 7.5–13% (150,000-260,000)
of all ~2 million known species may already have gone
extinct since around 1500. This is orders of magnitude
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greater than the 882 (0.04%) listed as extinct by
IUCN (2020).

(4) We briefly discuss the marine realm and conclude that
many marine species face significant threats, which
continue to increase, but we also conclude that there
have been relatively few extinctions and that there is
no evidence that the Sixth Mass Extinction has already
involved the marine biota. Plants, however, face many
of the threats faced by terrestrial animals and suffer
from similar conservation biases as do invertebrates,
although there are hints that they may have suffered
lower rates of extinction.

(5) The prognosis for the survival of a large proportion of
extant species is not good. Our review lays out argu-
ments clearly demonstrating that there is a biodiversity
crisis, quite probably the start of the SixthMass Extinc-
tion. Dedicated conservation biologists and conserva-
tion agencies are doing what they can, focused mainly
on threatened birds andmammals, among which some
species may be saved from the extinction that would
otherwise ensue. But we are pessimistic about the fate
of most of the Earth’s biodiversity, much of which is
going to vanish without us ever knowing of its existence.
Denying the crisis, accepting it anddoingnothing about
it, or embracing it andmanipulating it for thefickle ben-
efit of people, defined no doubt by politicians and busi-
ness interests, is an abrogation of moral responsibility.
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Akçakaya, H. R. (2016). Clarifying misconceptions of extinction risk assessment
with the IUCN Red List. Biology Letters 12, 20150843.

Collier, K. J., Probert, P. K. & Jeffries, M. (2016). Conservation of aquatic
invertebrates: concerns, challenges and conundrums. Aquatic Conservation: Marine and

Freshwater Ecosystems 26(5), 817–837.
Coloma, L. A., Duellman, W. E., Almendàriz, A. & Ron, S. R. (2010). Five new
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Soulé, M. E. (2013). The “New Conservation”. Conservation Biology 27(5), 895–897.
Steadman, D. W. (1995). Prehistoric extinction of Pacific island birds: biodiversity

meets zooarchaeology. Science 267, 1123–1131.
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