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Living fossils and conservation
values

Derek Turner* and Junhyung Han

Connecticut College, New London, CT, United States

Horseshoe crabs (Limulus polyphemus) have been in decline in Long Island Sound,
and recently there has been discussion of whether the state of Connecticut should
stop issuing licenses for commercial harvesting. This paper argues that in spite of
concerns about the living fossil concept, the fact that the horseshoe crabs are living
fossils should count in favor of more stringent protection. The paper distinguishes
four different views about the status of the living fossil concept: 1) eliminativism; 2)
redefinition; 3) reframing; and 4) conceptual pluralism. Approaches 2—-4 all treat the
criteria associated with living fossils as picking out distinctive features of evolutionary
history. Those distinctive features of evolutionary history link up with conservation
values in several ways. More generally, drawing upon relevant work in environmental
philosophy, it is argued that evolutionary history is relevant to aesthetic and
environmental value. Moreover, eliminativists have trouble rendering intelligible a
striking pattern in the recent scientific literature. Researchers undertaking
conservation-relevant work frequently highlight the living fossil status of the taxa
under study.

KEYWORDS

aesthetic value, conservation, concepts, horseshoe crab (Limulus polyphemus), living fossil,
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1 Introduction

The American horseshoe crab (Limulus polyphemus) appears as “vulnerable to
extinction” on the International Union for the Conservation of Nature’s (IUCN) red
list." In a comprehensive region-by-region assessment, Smith (2017) report that the
American horseshoe crab is “vulnerable to local extirpation” (p. 135). Long Island
Sound is one place where the horseshoe crab population has been in decline, largely
due to overharvesting for use as bait (Beekey and Mattei 2015; Moritz 2022). The
Connecticut Department of Energy and Environmental Protection recently issued
stricter regulations on horseshoe crab harvesting (Connecticut Department of Energy
and Environmental Protection, 2022). The new regulations shift the start date for the
opening of the season from May 22 until 3 days after the first new or full Moon in May,
among other changes. The rationale for this change is to prevent anyone from harvesting
the animals when they come ashore to lay their eggs. The DEEP also reduced the daily
harvest limit from 500 to 150 animals. This move fell short of a total ban on harvesting,
which is what regional environmental activists and organizations such as the Connecticut
Audubon Society had called for (Feral 2022). The Connecticut Audubon Society has taken
an interest, in part, because migrating bird species, such as red knots, rely on horseshoe crab
eggs as a food source during their stopover on Long Island Sound (Connecticut Audubon

1 The IUCN Red List entry for Limulus Polyphemus is available at https://www.iucnredlist.org/species/
11987/80159830#green-assessment-information. Last accessed 24 Oct 2022
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Society, 2020). Regionally, this is something of a classic
conservation issue that pits some local commercial interests,
especially the small number of people who hold commercial
fishing licenses for horseshoe crabs in Connecticut, and to a
lesser extent the biomedical industry, against advocates for
biodiversity conservation. The biomedical industry uses limulus
amebocyte lysate from their blood to test biomedical products for
contamination by endotoxins (Gorman 2020).

Horseshoe crabs also happen to be a paradigm case of a living
fossil taxon (Werth and Shear 2014). The family Limulidae contains
four extant species, including L. polyphemus. Limulidae is well
represented in the fossil record, with the oldest fossils possibly
dating to the Carboniferous some 350 million years ago (mya).
Other closely related members of the order Xiphosurida are even
older. There are lots of fossils assigned to the family Limulidae from
the Mesozoic (roughly 252-66 mya). And as a group, horseshoe crabs
exhibit a good deal of morphological stability. They have survived
multiple mass extinction events, including the “great dying” at the end
of the Permian, some 252 mya. Intuitively, it is tempting to say that
there is something very special about horseshoe crabs, that their
distinctive evolutionary history should justify prioritizing them for
conservation (Turner 2019a). This evolutionary history might provide
reasons in support of stricter local conservation policies, such as the
stricter harvesting limits recently adopted in Connecticut, or even an
outright ban on harvesting in places where their numbers are in
decline, such as Long Island Sound.

In what follows, we develop this line of argument in greater detail,
while attending to recent discussions about the status of the living
fossil concept. In the recent literature, there is a range of views
regarding that concept’s value to evolutionary theory. A series of
studies focusing on particular taxa has revealed some surprising things
that seem to question their status as living fossil taxa. For example,
cycads experienced a relatively recent evolutionary radiation
(Nagalingum et al., 2011). New Zealand’s tuataras turned out to
have a high rate of molecular evolutionary change (Hay et al,
2008). The status of coelacanths as living fossils has also been
questioned (Casane and Laurenti 2013; Cavin and Guinot 2014).
The status of tadpole shrimp has also been challenged (Mathers
et al., 2013). Lidgard and Love (2018) observe that there are several
different cross-cutting criteria in the literature (see Table 2) and that
different researchers sometimes deploy these criteria in ways that
generate conflicting verdicts about whether something should count as
a living fossil.

To make matters worse, those criteria also exhibit some vagueness.
Empirically, different taxa will exhibit different combinations of these
features, and in varying degrees. Some researchers worry that the very
idea of a living fossil has the potential to mislead, perhaps because it
contributes to the mistaken impression that some lineages have not
evolved. This confusing situation has generated a range of responses.
On the one hand, some have called for retiring the concept of a living
fossil altogether (e.g., Eldredge and Stanley, 1984; Fisher, 1984; Fortey
2011; Casane and Laurenti 2013; Yong 2013; Frazier, 2014; Carnall
2016). Lidgard and Love (2018), Lidgard and Love (2021) argue for a
rethinking of the concept. According to their view, concepts have
functions other than categorizing, and the living fossil concept has
some usefulness as a tool for structuring research questions and
highlighting phenomena to be explained. Watkins (2021) takes a
different through this
examining what sorts of inferences might (or might not) be

approach to sorting complexity, by
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supported by a taxon’s living fossil status. Watkins argues that the
concept has some epistemic usefulness. Meanwhile, Turner (2019a)
has pursued a different sort of project, specifying a particular version
of the living fossil concept—phylogenetic living fossils—and arguing
that the concept, thus specified, is theoretically well-motivated.
Phylogenetic living fossil taxa i) exhibit considerable morphological
stability; ii) make a significant contribution to phylogenetic diversity;
and iii) contain few extant species. Drawing on the work of others who
see phylogenetic diversity as key to defining biodiversity (e.g., Lean
and McLaurin 2016; Lean 2017), Turner also argues that the
phylogenetic living fossil concept successfully picks out taxa that
we should prioritize for conservation. Lidgard and Love (2021) also
acknowledge that their view leaves room for conservation values to
come into play in research on living fossils.

In this paper, we argue that one of the main reasons for retaining
some version of the living fossil concept is normative. If we try to
define “living fossil” in terms of some combination of the criteria listed
in Table 2, then the living fossil concept will pick out taxa with
distinctive evolutionary histories. And distinctiveness of evolutionary
history is something that matters in conservation contexts, such as
debate about horseshoe crab harvesting regulations. Turner (2019a)
makes a version of this argument by defending a particular definition
of “living fossil” and showing how that definition links up with
aesthetic and environmental values. Here, we show how a more
generalized version of that argument would go. Without defending
any particular definition of “living fossil,” we suggest that the familiar
criteria link up with environmental and conservation values in
interesting ways.

In developing this argument, we lean heavily on the notion of a
“distinctive evolutionary history.” There might be different ways of
understanding what this means. For example, 1) a taxon with a
distinctive evolutionary history might have a history that is atypical
or highly unusual. Or 2) it might have a historical trajectory that is
surprising in some way, given the default expectations of evolutionary
theory. Or again, 3) it might just have a history that is very different
from its near evolutionary relatives. On any of these accounts,
evolutionary distinctiveness will vary in degree. In what follows, we
will generally go with interpretation 1) and treat evolutionary
distinctiveness as a matter of having an unusual or atypical
evolutionary history. This reading dovetails with ideas about rarity,
and with the thought that we might value some things more because
they are rare (see Russow 1981 for one version of this).

2 The “living fossil concept”: Four
projects

Our central claim is that the concept of a living fossil has a
normative dimension, because living fossils (given any of the usual
approaches to defining the term) have distinctive evolutionary
to debates
Nevertheless, the status of the living fossil concept is controversial.

histories that are relevant about conservation.
Table 1 shows a variety of different views that can be found in the
current literature.

The relationships among these projects are complex. For example,
reframers and redefiners both reject eliminativism, though for
There

redefinition and reframing projects (Lidgard and Love 2021). The

different reasons. is also some tension between the

redefinition project presupposes that one of the main things we want a
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TABLE 1 Possible views about the status of the living fossil concept.

Elimination | Fortey (2011)

Casane and Laurenti (2013)
Yong (2013)
Carnall (2016)

Redefinition | Turner (2019a)

Reframing Lidgard and Love (2018), Lidgard and Love (2021)

Pluralism
for pluralism about species concepts.)

living fossil concept to do is to sort taxa, or to delineate taxa that count
as living fossils from those that do not. However, Lidgard and Love
challenge the idea that the primary function of scientific concepts must
be categorization; they contend that the living fossil concept should
“play a role in representing broad investigative domains” (Smith et al.,
2009, p. 762). They further elucidate that “the primary role of the
(living fossil) concept is to mark out more precisely what requires
explanation in a given instance for a particular entity in order to
account for morphological and molecular stability or persistence over
long periods of evolutionary time” (Lidgard and Love 2018, p. 763; see
also Brigandt, 2003; Brigandt and Love 2012). Thus, proponents of
reframing argue that both eliminativists and redefiners make the
mistake of overemphasizing categorization.

At first glance, the redefinition project might seem committed
to a form of conceptual monism. But that first impression is
misleading: the redefinition project is compatible with pluralism.
A proponent of redefinition, such as Turner (2019a), could argue
that their favored version of the living fossil concept is especially
useful in some contexts, but that in other research settings it might
be appropriate to define ‘living fossil’ in other ways. The reframing
project also meshes well with pluralism, though with one possible
caveat. Many pluralists in other areas do assume that categorization
is a central function of any concept. For example, pluralists about
species concepts still think that one of the main jobs of a species
concept is to supply grouping criteria, or to sort organisms into
species. The reframing project sits uneasily with any version of
pluralism that emphasizes categorization.

To complicate matters even further, even eliminativism might
come in different forms. Here we are primarily interested in a version
of eliminativism that some scientists have espoused. This view,
roughly, is that we should stop using the living fossil concept
because it is flawed or misleading in some irredeemable way. In
other contexts, though, such as the species debate, philosophers
have understood eliminativism differently. For example, Ereshefsky
(1992) defends “eliminative pluralism” about species. He is, as it were,
a pluralist about species concepts. What makes his view eliminativist is
that he proposes that we stop talking about “species” in general and
talk instead about “phylospecies,” “ecospecies,” “biospecies,” and so
on: “Eliminate the term “species” and replace it with a plurality of
more accurate terms” (1992, p. 681). One can imagine someone
pursuing an analogous project with respect to living fossils. And
eliminativism sense seems

in  Ereshefsky’s compatible with

pluralism. The eliminativism we are focusing on, however, is more
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Popular in other biological contexts (see, e.g., Stanford (1995) or Currie (2016)
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The living fossil concept is too confused to be of any use; it is potentially misleading.
We should get rid of it

Defend and motivate a particular version of the living fossil concept (i.e., the
phylogenetic living fossil concept)

Defend the living fossil concept by shifting the focus away from categorization and
toward other conceptual functions, such as framing research questions and
identifying phenomena to be explained

Allow for different working definitions of “living fossil” in different research contexts

thoroughgoing. The eliminativists whom we have in mind doubt that
there is any version of the living fossil concept that is useful or helpful.

For purposes of this paper, we will not dwell too much on the
internal differences between redefiners, reframers, and pluralists.
Sorting through those differences would require a wide detour into
philosophical questions about the nature and functions of scientific
concepts. All who favor retaining the living fossil concept are
working with roughly the same set of criteria listed in Table 2
below. They differ only in how they approach that list of criteria.
Redefiners pick out a subset of criteria and argue for that subset’s
centrality and importance. Pluralists argue that scientists may
legitimately use different subsets of criteria for different
purposes. And reframers argue that we should shift our
emphasis away from using the criteria to sort living fossils from
non-living fossils, and use them instead to help guide research and
frame questions about evolutionary processes. Importantly,
everyone who favors retaining (some version of) the living fossil
concept agrees about one thing: the criteria associated with the
living fossil concept are picking out significant features of the
history of some biological taxa. In this paper, we use this point of
agreement to leverage an argument about the normativity of the
living fossil concept.

Watkins (2021) develops a project that does not fit easily into the
categorization of Table 1. Her project might be compatible with
redefinition, reframing, or pluralism. She focuses on one criterion
that
fossils—morphological similarity between extant taxa and extinct

shows up in pretty much any account of living
taxa from the deep past. Then she asks what this morphological
similarity might serve as evidence for. Because morphological
similarity does support some biological inferences, Watkins takes
this as evidence that the living fossil concept has some epistemic
utility.

With these distinctions in place, we'll now turn to developing our
main argument. In the next section, we argue that knowing
something’s history is relevant to appreciating its value. This
argument draws on more general ideas from environmental
philosophy. Then, in Section 4, we apply this general principle
concerning history and value to the case of living fossils. There we
argue that the “living fossil” concept has normative force. The reason
for this is that the criteria in Table 2 refer, whether directly or
indirectly, to features that give living fossil taxa distinctive
evolutionary histories. And having a distinctive evolutionary

history is something we should value in conservation contexts.
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TABLE 2 Criteria for Counting as a Living Fossil, following Lidgard and Love (2018) (p. 761).

Prolonged geological duration or persistence of lineage

*Slow rate of evolutionary change, or in the limiting case, stasis

Evolutionary process criteria

**Low extinction and speciation rates (Bennett et al., 2017)
Morphological similarity to fossils from the distant past
*Low taxonomic richness today compared to the past

Small geographic range today compared to the past

Time comparison criteria

*Genealogical divergence in the very distant past

Presence of characters that seem plesiomorphic (or ancestral)

Phylogenetic criteria

Known from fossils before the extant population was discovered

Historical/order of discovery criterion

A “*” indicates criteria emphasized by Turner (2019b). “**” indicates a criterion not on Lidgard and Love’s original list.

3 The significance of historical
knowledge to appreciation of values

In 2012, Starbucks abruptly changed the recipe for its Strawberries
and Créme Frappucino drink (Fulton 2012). Someone had discovered
that the chain was using cochineal as a food coloring, to give the
frappucinos, as well as a few other menu items, their distinctive
strawberry red color. Cochineal is a dye derived from a tiny scale
insect, Dactylopius coccus, that lives on prickly pear cactus. The insects
contain carminic acid, which can be extracted by crushing them, and
then, with some preparation, used as a dye. Many Starbucks
customers—especially vegans—were not happy to learn that the
coloring in their strawberry frappucinos came from insects.
Although some objected on principled vegan grounds, it seems
likely that many people who regularly consume animal products
were a bit put off by the thought of drinking something colored by
dye derived from crushed bugs. Starbucks ended up replacing the
cochineal ingredient with lycopene, a red food coloring derived from
tomatoes.

This example illustrates a fairly mundane but important point:
learning where your food came from can affect how you experience it.
Knowledge of causal history makes a difference to our aesthetic
engagement with things. Not only that, it affects our emotional
responses, and it bears on our assessments of something’s value.
This is reflected in the Starbucks business decision: people would
not value—and would not pay for—a drink whose ingredients have a
certain sort of causal history. This of course works both ways. People
routinely pay more for some food because of what they think about
where the food came from. For example, they might pay more for
organic or locally grown food. In this and other ordinary contexts,
history is closely connected with value. Or to put it a bit more
precisely, most people think it is reasonable for knowledge of
something’s history to bear on evaluative judgments.

This general point about causal history and value is a familiar one
in environmental philosophy. For example, Robert Elliot (1982) used a
thought experiment to make the point. Consider two paintings that are
qualitatively indistinguishable: say, an original Vermeer, and a perfect
forgery painted more recently by a skilled forger. The two paintings
have different causal histories, and so we should value them
differently. That does not necessarily mean that the forgery has no
value; a perfect forgery might itself be a remarkable achievement. The
point is that it would be a mistake to value that achievement in the
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same way that we value the original. Elliot uses this point in the service
of an argument about restoration ecology. A restored ecosystem will
never have the same value as the original one, because the two have
different causal histories. More recently, the same issue has cropped up
in discussions of the possible use of biotechnology to create ecological
proxies for recently extinct species (Katz 2022; Turner 2022).

Turner (2019b) develops this point about history and value into a
more general view that he calls historical cognitivism in aesthetics (see
also (Currie 2021) for some critical discussion). Drawing on Allen
Carlson’s scientific cognitivism in aesthetics (Carlson, 1977; 1981), he
argues that:

Knowledge of living things and natural systems—including
knowledge of the history of those things—deepens and
enhances our aesthetic engagement with those things, relative
to various kinds of naive engagement (Turner 2019b, p. 20).

According to this view, having some knowledge, and in particular
knowledge of causal history, better positions us to appreciate
landscapes, natural systems, and living things. This is closely
related to the point that something’s value depends in part on its
causal history. If that is correct, then knowing something about that
causal history better positions us to appreciate an item’s value. To
revert to our example at the opening of this section: Imagine three
people enjoying strawberry frappucinos, circa 2010. One happens to
know that the red color of the beverage is derived from cochineal. The
other falsely believes that the drink is red because it has strawberries
mixed in. The third has no idea why the drink is red and has not given
the issue any thought. Without denying that the third person might
really enjoy the drink, historical cognitivism is the view that the first
person—the one who understands the history of the ingredients—is
best positioned to appreciate and engage with what they are drinking.
This view implies that historical scientific knowledge generally has
aesthetic payoff. This view also has implications for conservation
biology, and for how we think about putative living fossil taxa, such as
horseshoe crabs.

The idea that our interest in protecting biological diversity is
largely, though not entirely, aesthetic is nothing new (Russow 1981;
Sober 1986). If history matters to aesthetic value, and if a central aim of
conservation biology is to protect things having aesthetic value, then
evolutionary history is relevant to conservation biology. And taxa with
especially distinctive evolutionary histories might be especially worth
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protecting. One thing that we might be doing when we refer to a taxon,
such as horseshoe crabs, as a “living fossil” is signaling that it has a
distinctive evolutionary history. That, in rough outline, is our
argument.

The suggestion that evolutionary history is relevant to
conservation biology is not new. One familiar proposal is that
conservation biology’s aim should be to protect and promote
biodiversity (e.g., Soulé 1985). Just how to clarify what we are
aiming to protect is a difficult challenge (Sarkar 2005; MacLaurin
and Sterelny 2008). At least one potential approach to this challenge
emphasizes phylogenetic diversity (Winter et al., 2013; Lean and
McLaurin 2016). Although there are disagreements about how
exactly to measure phylogenetic diversity (see, e.g., Faith 1992;
Vellend, et al,, 2011), the rough idea is that we want to maximize
coverage of the phylogenetic tree of life. To a first approximation, a
species adds phylogenetic diversity to a system when it has higher
evolutionary distinctness, or when it is less closely related to the other
species in the system. On any account, degree of phylogenetic
distinctness is a historical notion. This is not to suggest that
phylogenetic diversity is the only or the best way to think about
biodiversity. The point, rather, is a more modest one—namely, that
one of the things we might reasonably care about in conservation
biology is a distinctively historical feature of biological communities.

Some species add more phylogenetic diversity than others.
“Genealogical divergence in the very distant past” is one of the
criteria for living fossils that Lidgard and Love (2018) entertain,
and it is a criterion that horseshoe crabs meet. Moreover, and
anticipating some of the arguments of the next section, making an
unusually large contribution to phylogenetic diversity is one way for a
species to have a distinctive evolutionary history. The case of
horseshoe crabs illustrates this nicely: we have to go back an
unusually long way to find their nearest common ancestor with
other extant groups—i.e., with spiders and scorpions (Ballesteros,
et al, 2022). And that distance of phylogenetic relatedness is one
potential ingredient of a distinctive evolutionary history.

In this section, based on the discussion of the role of historical
knowledge in aesthetic appreciation (i.e., historical cognitivism), we
have argued that causal historical knowledge of a species is relevant to
its conservation. In the following section, we will show how most of the
criteria for counting something a living fossil end up highlighting its
distinctive evolutionary history. Then the two sections will jointly
suggest that most definitions of a living fossil have a bearing on
conservation biology.

4 Normative dimensions of the living
fossil concept

To set the stage for our main argument, it is worth pausing to
consider one of the central worries about the notion of “living fossil”
expressed by at least one eliminativist. In his popular book, Horseshoe
Crabs and Velvet Worms (2011), Richard Fortey worries that the term
‘living fossil’ has pejorative connotations:

“Living fossil” seems to imply a negative judgment somehow, as if
the poor old organism was just about tottering along on its last
legs, having hardly changed in tune with a changing world,
awaiting an inevitable end. A similar misplaced judgmental
tone is often applied to dinosaurs (Fortey 2011, p. 18).
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Fortey himself does not endorse this negative judgment at all. He
argues, rather, that horseshoe crabs are an evolutionary success story.
They have survived mass extinction and are now well integrated into
ecological systems. Thinking of them as throwbacks or as relics of a
distant past might, if anything, lead us to underestimate the
importance of protecting them today. Fortey observes, for example,
that “millions of birds of many species depend on the horseshoe crabs’
eggs every year,” which is a reason why the Connecticut Audubon
Society has taken an interest in harvesting regulations (2011, p. 18).
But of course, horseshoe crabs long predated the evolution of birds.

One response to Fortey’s worry is to point out that even if it’s
legitimate, it does not support eliminativism. He draws an analogy
between the term “living fossil” and the negative associations that
sometimes go along with calling something or someone a “dinosaur,”
but no one thinks that the occasional pejorative use of “dinosaur” would
be a reason for eschewing the term in scientific contexts. Still, although it
does not do much to motivate eliminativism, Fortey’s observation
highlights something important, which is that concepts such as “living
fossil” have normative or evaluative dimensions. What is not clear is why
we should think that the valence of the “living fossil” concept has to be
negative. Insofar as the “living fossil” concept picks out biological taxa
with distinctive evolutionary histories, it might, given plausible
assumptions about the relationship between history and aesthetic
value, also be picking out taxa that we should care about. Fortey is
right about the normativity, but rather than rejecting the term “living
fossil” on account of its negative connotations, another approach—and
one in the spirit of much of the rest of Fortey’s discussion—might be to
retain the term and rethink its normative valence.

Table 2 lists the criteria that Lidgard and Love (2018) associate
with the living fossil concept, and which scientists routinely invoke in
empirical research on potential living fossil taxa. It reorganizes the
familiar criteria into several thematic clusters. Phylogenetic criteria
have to do with evolutionary relationships. Time comparison criteria
all involve comparisons of the present state of a taxon with its state at
various points in the deep past. How similar does it look to its
predecessors? Are there fewer species around today? Is its
geographic range smaller today? Evolutionary process criteria focus
on what we might loosely call the “staying power” of a lineage, as well
as rates of evolutionary change, and/or low speciation and extinction
rates. And finally, the last criterion focuses not on evolutionary history
but on the more recent history of discovery. This table also highlights
one feature of Turner’s (2019a) phylogenetic living fossil concept,
which is that it includes a time comparison criterion, one process
criterion, and one phylogenetic criterion. For present purposes, the
more important observation is that nearly all of the criteria in Table 2
are directly historical.

The qualification “nearly all” has mainly to do with the criterion of
morphological similarity, which needs a bit more discussion. That
criterion is particularly central. For example, Watkins (2021) defines
living fossil taxa in terms of the morphological similarity criterion
alone, and then explores what sorts of inferences morphological
One think, though, that
morphological similarity, taken all by itself, does not necessarily

similarity might license. might
point to any distinctive evolutionary history. Different sorts of
evolutionary processes, such as lineage persistence or evolutionary
convergence, could in principle generate morphological similarity.
However, one source of interest in morphological similarity between
an extant species and fossils from the deep past is that it might serve as

evidence of distinctive evolutionary history. With this in mind, it
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TABLE 3 A pattern of linking living fossil status to conservation interest.

“Ecology and conservation of a living fossil: Australia’s wollemi pine (Wollemia nobilis)

“[W]e show that Cryptocteniza meets all the criteria of an “Endangered Living Fossil” and is consequently of

grave conservation concern.”

“Sturgeons are the most primitive, endangered groups of vertebrates on the planet and often referred to as

»»

“living fossils”.

“Living fossils We mapped half a billion years of horseshoe crabs to save them from blood harvests.”

10.3389/feart.2023.1086066

MacKenzie et al. (2021)

Bond et al. (2020)

Chandra and Fopp-Bayat (2020)

Bicknell and Pates (2020a) writing about their research Bicknell and
Pates (2020b)

“Davidia involucrata Baill, also known as the dove-tree, is a living fossil and an endangered species...”

“ELFs [Endangered Living Fossils] are unique and threatened lineages representing an exceptional

Chen et al. (2020)

Vargas et al. (2020)

evolutionary heritage, and therefore they should be prioritised in biodiversity research and conservation

programs.”

“Genomic signatures of evolution in Nautilus—An endangered living fossil.”

“Living Quarters of a Living Fossil—Uncovering the current distribution pattern of the rediscovered Hula

painted frog (Latonia nigriventor) using environmental DNA”

Combosch et al. (2017)

Renan et al. (2017)

“One of the greatest challenges of effective conservation measures is the correct identification of sites where

rare and elusive organisms reside.”

“Reintroduction and Post-release Survival of a Living Fossil: the Chinese Giant Salamander”
“Conservation of the cathay silver fir, Cathaya argyrophylla: a Chinese evergreen ‘living fossil.”

“the successful reproduction of hundreds of millions of dawn redwood trees and their great longevity suggest

Zhang et al. (2016)
Wang et al. (2012)

Li et al. (2012)

that the consequences of inbreeding depression can be masked when negative consequences are delayed for

dozens of years” (p. 4)

“Metasequoia glyptostroides is a famous living fossil” (p. 1)

“Predicting the fate of a living fossil: How will global warming affect sex determination and hatchling

phenology in tuatara?”

“In order to conserve the horseshoe crab, Tachypleus tridentatus, a famous “living fossil” in Kinmen and

Taiwan, several investigations related to its basic biology were conducted...”

might be helpful to distinguish between direct vs. indirect criteria, with
respect to evolutionary distinctiveness. Some of the criteria, such as
“slow rate of evolutionary change,” are directly indicative of
evolutionary distinctiveness. The morphological similarity criterion
is only indirectly indicative, but still can (depending on circumstances,
and in ways that Watkins 2021 explores) serve as evidence of
distinctive evolutionary history.

Recall that one of the problems in the scientific literature is
that different researchers sometimes deploy different criteria,
yielding different verdicts about what does or does not count as
a living fossil. Are cycads, for example, living fossils? That might
depend on whether we emphasize the criterion of low taxonomic
richness as compared with the past, or the criterion of
morphological similarity to fossils from the distant past. Cycads
might meet the latter criterion (Wang et al., 2009), but not the
former (Nagalingum et al., 2011). However, most of the relevant
criteria are historical. Not only that, but taken individually, the
criteria pick out aspects of evolutionary history that are distinctive
in the sense alluded to earlier—namely, in the sense that they are
unusual or atypical. For example, we might be focusing on taxa
with unusually low rates of evolutionary change, or on a taxon
where the difference between its current geographic range and its
range in the deeper past is atypically large. Different combinations
of these criteria point to different ways in which evolutionary
history can be distinctive. And if evolutionary history is relevant to
determinations of value, then it will turn out that any deployment
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of these criteria will have potential evaluative implications, and
potential relevance to conservation biology.

It is possible to apply this point to the case of horseshoe crabs
without necessarily committing oneself to the redefinition, the
reframing, or the pluralist projects. Whichever of those projects
one sympathizes with, it will involve working with some
combination of the criteria in Table 2. Horseshoe crabs clearly
meet a number of those criteria, such as “genealogical divergence in
the very distant past,” and “morphological similarity to fossils from
the distant past,” among others. They may not meet all the criteria,
such as “small geographic range today compared to the past.”
Interestingly, though, the whole point of conservation measures
such as harvesting regulations in Long Island Sound is to help make
sure that they continue to thrive in all parts of their current
geographic range. Conservation failures over time could result
in the species meeting that geographic range criterion as well.
Whichever of the projects (redefinition, reframing, pluralism) one
sympathizes with the most, these criteria give us ways of
highlighting horseshoe crabs’ distinctive evolutionary history.
Our main suggestion is that this amounts to the same thing as
highlighting reasons to protect them.

The different types of criteria in Table 2 link up with different
kinds of environmental and aesthetic values. First, we saw earlier
that phylogenetic criteria have a very close connection to the notion
of phylogenetic diversity, and to the suggestion that phylogenetic
diversity is one form of biodiversity that we should value. Some of
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the other criteria also link up with conservation goals, sometimes in
obvious ways, and sometimes less directly. For a more obvious
example, the issue of extinction rates is also of central concern in
conservation contexts. For a less direct example, morphological
disparity may also be something worth caring about in
conservation contexts (MacLaurin and Sterelny 2008, Ch. 3). In
some cases, living fossil taxa, such as horseshoe crabs, could
enhance the disparity of the biological communities to which
they belong, simply because their morphology is different from
that of their closest evolutionary relatives. The loss of horseshoe
crabs from a coastal ecosystem would mean the loss of a body
design that’s rather different from anything else present in the
system.

Some of the other criteria in Table 2 link up with values in still
other ways. In her discussion of why we value “real old things,”
Korsmeyer (2016) argues that “genuineness” is an aesthetic
property of many old things. Although she focuses mainly on
artefacts, her point arguably generalizes to include other things,
such as fossils and other traces of the distant past. We appreciate
the genuineness of old things because of the ways in which those
things place us into contact with an irretrievable past. Visiting a
historic home, for example, connects us in a way to the people who
built the home, and to the events that transpired there. There is
perhaps also a sense in which evolving biological lineages might
count as “real old things.” A lineage that has exhibited staying
power (“prolonged geological duration or persistence”) might, in a
way, place us into connection with the deep past, and that might be
something we value.

The historical/order of discovery criterion in Table 2 also
deserves some reflection. Perhaps the classic example of a
group that was known (at least to western science) from fossils
before being discovered is the coelacanth (Weinberg 2001). The
wollemi pine is another (Woodford 2000). The epistemic criterion
is closely related to the notion of a “Lazarus taxon,” or a species
that turns out to have existed long after it was thought to have gone
extinct. At first glance, it might be rather difficult to see how this
criterion might connect with conservation values. However, there
are other fascinating cases where people have held out hope that a
small population of a species thought to be extinct may still be “out
there” in some under-explored ecological refuge. In some more
extreme cases, such as that of the thylacine, amateurs and
enthusiasts may seek to find evidence that the species is still
hanging on (Jarvis 2018). But in cases of more recent
extinctions, it may be an open biological and ecological
question whether a small population persists. One interesting
case in this connection is the search for a remaining population
of the ivory-billed woodpecker (Jackson 2006; Rudkin et al., 2008).
Reported sightings over the years have generated controversy, and
the US Fish and Wildlife Service is currently conducting a review
to determine whether to declare the ivory-billed woodpecker
extinct. Living fossil taxa that meet the epistemic criterion have
plausibly played a role in boosting many people’s hopes that other
species might not really be extinct.

Let us now pause to take stock: We have argued that nearly all of
the going criteria associated with the living fossil concept are
historical, and that any combination of them will serve to pick
out taxa with distinctive evolutionary histories. Not only that, but
history is relevant to value: having a distinctive evolutionary
history bears on a species’ aesthetic value. We've developed this
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argument in a more general way, by invoking Turner’s (2019b)
historical cognitivism in aesthetics. We've also shown how to
develop this argument in more specific ways, by focusing on
specific criteria and how they connect with conservation values,
and with Korsmeyer’s (2016) account of the value of “real old
things.” Thus, regardless of which project one leans toward—the
redefinition, reframing, or pluralist project—the living fossil
concept turns out to have a significant normative dimension.
And this normative dimension is quite the opposite of the
negative connotations that Fortey (2011) was worried about.
However we think about the conceptual and definitional issues,
part of our interest in living fossils should have to do with
conservation.

This result should be congenial to proponents of any of the
projects outlined in Section 2, except eliminativism. The argument
of this section generalizes Turner’s (2019a) point about the
normative dimensions of the phylogenetic living fossil concept.
Lidgard and Love also allow that “conservation priorities are a part
(though not the whole) of the (living fossil) research program...”
(Lidgard and Love 2021, p. 13). Indeed, the one project that is at
odds with this argument is eliminativism. One of the functions of
the living fossil concept is to serve as a normative tag: whether we
favor redefinition, reframing, or pluralism, when we call a taxon a
“living fossil,” one thing we are doing is highlighting its distinctive
evolutionary history, and that its distinctive history has normative
significance.

In ethics, it is common to define “thick concepts” as those having
both descriptive and normative dimensions (see e.g., Williams 1985).
One important source for subsequent work on thick concepts is
Philippa Foot’s (1958) discussion of rudeness. To characterize
someone’s behavior as rude is both to describe it and to assess it
negatively. Many other concepts in ethics seem to have both empirical/
descriptive and evaluative dimensions. For example, virtue concepts
such as “courageous” or “generous” have both descriptive and
normative content. Shockley (2012) suggests that certain concepts
of environmental science, such as “ecological integrity,” could also
qualify as thick concepts. Indeed, many concepts from the life and
environmental sciences, ranging from ecological stability to biological
diversity, would seem to have both descriptive and normative
dimensions. Our suggestion here is that the living fossil concept
belongs in this larger group of concepts that have both descriptive
and evaluative content. In the next section, we argue that appreciating
this can help make sense of a striking pattern in recent scientific
research.

5 Conservation-focused research on
living fossils

Another way to approach these issues is to note that in the
scientific literature, one common practice is to highlight a taxon’s
status as a living fossil while also emphasizing the need for
conservation efforts. Scientists sometimes frame their research on
this or that living fossil taxon as contributing in some way to
conservation efforts. Many (though not all) of the traditionally
paradigmatic living fossil taxa are threatened by human activities,
and thus are foci of conservation interest. To illustrate this pattern in
the scientific literature, Table 3 highlights some lines drawn from
papers focusing on living fossil taxa.
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Table 3 is not intended to be exhaustive, and it leaves out a lot of
detail. The goal is simply to highlight a pattern of association between
a taxon’s (alleged) living fossil status and its interestingness from a
conservation perspective. In some of these cases, it remains
controversial whether the taxon in question should be considered a
living fossil at all. At best, Table 3 offers a superficial and incomplete
look at some of the recent literature. There is, however, a phenomenon
to be explained here: Why would researchers highlight a taxon’s
(alleged) living fossil status in the context of conservation-relevant
research? Our account of the normative dimension of the living fossil
concept affords an explanation here. If the various criteria associated
with being a living fossil do pick out taxa with distinctive evolutionary
histories, and if this historical distinctiveness is relevant to their value,
then it makes sense for researchers to highlight a taxon’s living fossil
status as a way of motivating conservation-relevant research.

Eliminativists, by contrast, would have trouble making sense of the
pattern in Table 3. If, as Fortey (2011) suggests, the term “living fossil”
has negative connotations of a species that has outlived its time, then it
is hard to see why anyone would want to highlight the living fossil
status of taxa in conservation contexts. Similarly, if the worry is that
the term is misleading, then it might seem to be especially important
not to mislead anyone in conservation contests. In short, if
eliminativism is correct, then we would have to reject the pattern
of usage in Table 3 as confused or misguided, or else interpret the
references to living fossils as a mere rhetorical or attention-getting
ploy. Thus, eliminativism forces an uncharitable reading of a good deal
of recent scientific research. An eliminativist could, of course, double
down here: If the living fossil concept really is hopelessly confused
and/or misleading, then perhaps a more critical stance toward this
pattern of practice is appropriate. However, the argument developed
in Sections 3 and 4 provides a rational reconstruction of this pattern of
scientific practice. If the living fossil concept is picking out taxa with
distinctive evolutionary histories, and if having a distinctive
evolutionary history is something that matters in conservation
contexts, then it makes sense for researchers to highlight the living
fossil status of the taxa they are focusing on.

Generally speaking, where the question is whether scientists should
continue to employ some concept vs. jettisoning it, we can approach that
question using a version of cost-benefit analysis. What does (or could)
that concept do for us? And what, if any, are the potential downsides of
continuing to use it? Eliminativists tend to fixate on the downsides: the
living fossil concept, they worry, is potentially misleading to non-specialist
audiences. We acknowledge that this is a legitimate worry, and that some
might be misled into thinking that living fossil taxa have somehow
stopped evolving, but this worry is not one unique to the living fossil
concept. Many scientific concepts are potentially misleading. And in this
case, the conceptual benefits outweigh any potential downside risks.
Whereas Watkins (2021) highlights potential epistemic benefits, and
(Lidgard and Love, 2018; Lidgard and Love, 2021) highlight the
concept’s usefulness in guiding investigation and structuring research
questions, we have argued here that the living fossil concept also has an
important normative role to play. Someone who is deeply committed to
eliminativism here could read this paper as identifying some
unacknowledged intellectual costs that eliminativists must pay.

While the view proposed here helps explain and make intelligible the
pattern shown in Table 3, the view also has some limitations that are
worth emphasizing. One limitation of our proposal is that it does not offer
(and is not intended to offer) specific policy guidance. One question we
have not addressed, for example, is how much weight to accord to a
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taxon’s living fossil status in conservation policy contexts, such as the
debate about harvesting regulations for horseshoe crabs in Long Island
Sound. We take the above argument to show that the horseshoe crabs’
distinctive evolutionary history—a history that we can flag by calling them
“living fossils”—gives us extra reason to protect them. Thus, the argument
lends some weight to proposals for more stringent protections, such as a
ban on commercial harvesting in Connecticut. However, actual policy
decisions involve complex weighting of many different values, including
institutional, procedural, political, and environmental values, as well as
empirical assessments of threats. Our suggestion here is only that the term
“living fossil” can and should signal that certain historical and aesthetic
values are in play, and that these might in some cases tip the balance
toward conservation.

Our argument has focused on a fairly local case—that of the
horseshoe crab (L. polyphemus) population in Long Island Sound.
The species is not listed as endangered under the federal
Endangered Species Act, and overall, the species is fairly
abundant and has a large geographic range. The conservation
challenges we have focused on are very local—i.e, how to
reverse the decline in abundance in a particular region. One
might wonder, then, what this line of argument means for the
bigger picture of global biodiversity conservation. Does the
implications for efforts to define
‘biodiversity’ in ways that capture things worth caring about?

argument have any
The project of defining and clarifying the value of biodiversity is
a much larger one than we can take on here (See Sarkar 2005;
MacLaurin and Sterelny 2008; Newman et al., 2017). Most of the
research summarized in Table 3, however, is more localized in
nature, focusing on this or that particular taxon. There is perhaps a
natural affinity between our approach and efforts to define
‘biodiversity’ in terms of phylogenetic diversity (Lean 2017).
However, contribution to phylogenetic diversity is just one of
the criteria for living fossils. There is perhaps a better, more
general way to state the upshot of the argument we have
developed here. Part of our interest in biodiversity is historical.
That means that general accounts of biodiversity should allow that
one contributor to biodiversity is having a distinctive or unusual
evolutionary history.

6 Conclusion

In this paper, we have sought to highlight the connection between
the concept of a living fossil, on the one hand, and conservation values
on the other. We began by distinguishing three different
projects—redefinition, reframing, and pluralism—that are all
committed (contra eliminativism) to retaining the living fossil
concept. We then argued that on any of these projects, the living
fossil concept will serve to pick out taxa having distinctive
evolutionary histories, and/or to structure investigation of those
histories. The reason for this is that those projects all rely on the
criteria compiled in Table 2, and most of those criteria point, whether
directly or indirectly, to features of evolutionary history. Next, we
argued that causal history is relevant to aesthetic and environmental
value. This second conceptual move relies on a historical cognitivist
view in environmental aesthetics. Taken together, these two moves
mean that the term “living fossil” has normative force, that it signals
the presence of historical features that are relevant to conservation.

Appreciating the normative dimension of the living fossil concept also
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helps explain a striking pattern of recent scientific practice: scientists
routinely highlight the living fossil status of a taxon in the course of
conservation-relevant research. Finally, the normative dimension of
the living fossil concept bears on real conservation policy issues, such
as the question of whether to prohibit commercial harvesting of
horseshoe crabs in Connecticut.
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