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Are Stellar Kinds Natural Kinds? A
Challenging Newcomer in the Monism/
Pluralism and Realism/Antirealism
Debates

Stéphanie Ruphy'™

Stars are remarkably absent from reflections on natural kinds and classifications, with
gold, tiger, jade, and water getting all the philosophical attention. It is a pity, for
interesting philosophical lessons can be drawn from stellar taxonomy as regards two
central debates about natural kinds, to wit, the monism/pluralism debate and the
realism/antirealism debate. I show in particular that stellar kinds will not please the
essentialist monist, nor will it please the pluralist embracing promiscuous realism a la
Dupré. I conclude on a more general note by questioning the relationship between
taxonomic scientific practice and philosophical doctrines of natural kinds.

1. Introduction. “Species are evidently not arbitrary like the grouping of
the stars in constellations” (Darwin 1859/1962, 411): apparently, Darwin
did not have a high opinion of stellar taxonomy, nor did the French
mathematician and philosopher A.-A. Cournot, for whom constellations
were a typical example of artificial groups of things (1851/1975, 199-208).
But stellar taxonomy has come a long way since Darwin and Cournot’s
time. Yet, it is still remarkably absent from reflections on natural kinds
and classifications, with gold, tiger, jade, and water getting all the phil-
osophical attention. It is a pity, for, as we shall see, the practice and

+To contact the author, please write to: Département de philosophie, Université de
Provence, 29, av. Robert Schuman, 13621 Aix-en-Provence Cedex 1, France; e-mail:
stephanie.ruphy@wanadoo.fr.

1I would like to thank two astrophysicists, Nicolas Epchtein and Mich¢le Gerbaldi,
for lively discussions on the science of stellar taxonomy. Needless to say, they cannot
be blamed for the residuum of error this article may contain. I am also indebted to
Matthew H. Slater for helpful comments on an earlier draft of this article.
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achievements of stellar taxonomy raise fruitful challenges to the current
main philosophical standpoints on natural classifications. Moreover, stel-
lar classifications are representative of what many taxonomic enterprises
are about in science today, that is, coming up with kind-membership
conditions that define epistemically fruitful groupings of entities whose
diversity is revealed (or even created) by scientific investigation, rather
than trying to discover the hidden essence of antecedently recognized
kinds. Not surprisingly then, I will not have much to say about traditional
issues of reference of ordinary language natural-kind names. However,
my discussion of stellar kinds will be directly relevant to two other central,
ongoing debates about natural kinds and classifications, to wit, the mo-
nism/pluralism debate and the realism/antirealism debate.

On the face of it, stellar taxonomy does not seem to be a very monist-
friendly domain. Take one of the brightest stars of the Northern Hemi-
sphere, Vega in the Lyra constellation, and ask astrophysicists what kind
of star Vega is. Commonly known as an “A0Q V” star, that is, a relatively
hot, slightly bluish “main sequence dwarf,” Vega is also classified by
astrophysicists observing in the far infrared part of the electromagnetic
spectrum as a “In-18” star, that is, a star with no remarkable spectral
feature in this domain of wavelength, and for those studying how the
light emitted by a star varies, Vega is known as a “Delta scuti” type of
star, that is, a kind of pulsating variable star.

My aim in this article is to investigate how this taxonomic pluralism
should be interpreted and which metaphysical and epistemological lessons
about natural kinds and classifications can be drawn from it. I start with
a (shallow) plunge into the practice of grouping stars, which will allow
us to grasp the sources of stellar taxonomic pluralism. Along the way,
comparisons with two familiar cases—the classification of chemical ele-
ments and the classification of living organisms—will bring out the spec-
ificities of the stellar case. I then discuss whether the stellar world comes
prepackaged with any objective divisions, putting on the carpet both tra-
ditional essentialist standpoints on natural kinds and nonessentialist, re-
alist ones, such as Dupré’s promiscuous realism (1993). I conclude on a
more general note by questioning the relationship between taxonomic
scientific practice and philosophical doctrines of natural kinds.

2. The Art and Quirks of Grouping Stars.

2.1. Stellar Structuralism. Stars are grouped together in a class when
they exhibit features “similar enough” to those of a standard star picked
up to define the class. But of course, not just any feature will do as a
similarity parameter. For instance, in spite of the fact that this intrinsic
property is known for a very large number of stars, stars are not classified
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by their proper motion, for the same reasons that animals are not sorted
out by, say, their number of hairs or chemical substances by their color:
what stellar taxonomists share with their confreres in other scientific do-
mains is a search for “privileged” or taxonomically “significant” similarity
parameters. My putting these epithets between quotation marks follows
a widespread habit in philosophical discussions about natural kinds and
classifications that conveys a crucial ambiguity of the use of the terms.
In what sense can similarity parameters be said to be “privileged”? A
metaphysical reading of the term may refer to some form of traditional
essentialism. For less metaphysically inclined philosophers, the reading
may be more epistemological: a set of similarity parameters is privileged
to the extent that it defines epistemically fruitful groupings (i.e., those
lending themselves to generalizations and predictions, playing a role in
causal explanations, etc.). Actually, it is hardly overstated to claim that
the main lines of disagreement between various standpoints on natural
kinds and classifications (i.e., monism, pluralism, realism, antirealism, and
some combinations of those four) boil down to divergent views of what
privileged means. But until section 4, where I will ask whether stellar
kinds are natural kinds and discuss these divergent views more extensively,
I will remain neutral as regards the appropriate reading of the notion in
the astrophysical context and stick to the description of kind-membership
conditions in the scientific practice of sorting out stars.

So what are the similarity parameters that are taken as privileged by
stellar taxonomists? Astrophysicists want to know how stars form, evolve,
and disappear. Their theoretical understanding of the behavior of gasecous
spheres tells them that parameters such as temperature, density, or mass
loss are determinant parameters in stellar evolutionary processes, whereas
proper motion or distance from the earth are not; hence, we have their
choice of the former, and not the latter, as taxonomic parameters. In
short, kind membership is conferred by structural properties central for
explaining a large variety of stellar behaviors (and those properties trans-
late into spectral features that are directly observable).

2.2. Wavelength Dependency. For a long time, classificatory schemes
were based on properties observable in the visible part of the electro-
magnetic spectrum. But from the late 1970s, with the launch of satellites
instituting detectors working in other domains of wavelength (in particular
in the infrared and in the ultraviolet), astronomers began to design in-
dependent classificatory schemes based on spectral features observable in
these newly accessible domains. Hence, there was a multiplication of wave-
length-dependent taxonomic systems. It is important to note, though, that
due to practical observational limits (and budgetary constraints), the de-
velopment of independent classificatory schemes in various regions of the
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electromagnetic spectrum concerns only a very limited number of stars,
compared to the number of stars classified by spectral features observable
in the visible spectrum. In other words, there are large differences as
regards the comprehensiveness of the various existing taxonomic systems,
with systems based on visible features being by far the most comprehen-
sive.! This predominance is easily explained. The earth’s atmosphere hap-
pens to be transparent, and we human observers happen to see in this
domain of wavelength. Not surprisingly then, the most comprehensive
classification systems are relative to this domain. But one can easily imag-
ine that alien astrophysicists endowed with a sharp view in, say, the in-
frared, would have come up with large-scale, comprehensive classifications
based on infrared properties rather than visible ones. Hence, there is the
contingency of the current taxonomic landscape.

2.3. Resolution Dependency. Most stellar structural parameters vary
continuously from one star to another. Therefore, in the stellar bestiary,
there does not exist any level of genuine discontinuity above the level of
individual stars. In other words, by analogy with the notion of an “infimic
species,” defined by Ellis (2002, 57) as “a species that has no subspecies,
[and that] is ultimately specific,” an astrophysicist cannot expect to come
up with “infimic stellar kinds” (more on the important consequences of
that point in sec. 4 when I discuss essentialism and realism about kinds).
Let us spell out why. Stellar kinds are defined by cutting up the obser-
vational continuity into boxes. We have seen that stars are grouped to-
gether in a class when they exhibit structural features “similar enough”
to those of a standard star picked up to define the class and that those
features vary continuously from one star to another. For a given set of
similarity parameters, as to whether a star is similar enough to the stan-
dard, one depends on the resolution of the observations used by the
classifiers. Hence, we have what I call the “resolution dependency” of
stellar classifications.?

2.4. Vagueness. Another straightforward consequence of stellar struc-
ture being defined by continuous parameters (such as temperature and

1. See Jaschek and Jaschek (1990) for a detailed description of the most comprehensive
two-dimensional classification system, the Morgan Keenan (MK) system, based on
spectral features—spectral type and class of luminosity—observable in the visible spec-
trum and governed by the temperature and the density of the star, respectively.

2. For instance, the MK system requires spectra at a dispersion of 115 A°mm (at
Hry). Spectra at higher dispersion have been obtained for stars of a certain spectral
type (e.g., O stars) leading to the division of the corresponding “MK box” into finer
boxes.
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density) is the vagueness of the similarity relations between two stars. As
a result, stellar kinds do not have sharp boundaries, and a star may be
classified as intermediate between two kinds. As regards the vagueness of
the similarity relations, stellar kinds resemble to a certain extent molecular
kinds. Because of isomerism, to define molecular kinds, similarity of chem-
ical element composition must be supplemented by similarity of molecular
structure. But as Hendry (2006) reminds us, sameness of molecular struc-
ture is a vague relation since molecular structure is defined in terms of
variables—to wit, internuclear distances and angles between bonds—that
vary continuously. As a result, “interatomic geometry will . . . group
molecules into vague-bounded, overlapping clusters of similar structures”
(869).

2.5. Taxonomic Nomadism. Another important feature of stellar tax-
onomy is the fact that a star’s classification is not a permanent matter:
properties on which stellar classifications are based are transitory prop-
erties. A star does not have the same temperature, density, mass loss, and
so on, throughout its life and, consequently, will not belong to the same
category. I will call this specificity taxonomic nomadism. Note that the
pace of stellar taxonomic nomadism is rather slow. The sun will spend
altogether more than 8 billion years in its current category before moving
on to another one.

Taxonomic nomadism may turn out to be an embarrassment for certain
philosophical standpoints on natural kinds (more on that in sec. 4), but
it is a feature much appreciated by astrophysicists. Here is why. Given
the timescale of stellar evolution, astrophysicists cannot study evolution-
ary processes by monitoring the evolution of individual stars. To learn
about the different evolutionary phases—in particular, how long a star
will spend in each of these phases—they compare how many stars belong
to each of the associated stellar kinds. From the statistical repartition of
stars into kinds, they are then able to derive information on various
physical states along an evolutionary path.

3. Stellar Pluralism. We now have at hand the main sources of pluralism
in stellar classifications illustrated at the beginning of this article by the
display of the several kinds to which a given star may belong. Two stars
classified in the same category of spectral type in the visible spectrum may
have different ultraviolet (UV) spectra. This simply reflects the fact that
two stars may have similar structural properties governing their visible
spectra (say, similar temperature), but they may differ significantly by
structural properties governing their UV spectra (e.g., they may have
different mass loss). Different investigation techniques focusing on dif-
ferent structural properties thus result in different crosscutting classifi-
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cations. The use of one domain of wavelength rather than another reflects
specific epistemic interests. Astrophysicists interested in, say, the physics
of stellar winds need a UV-based classification, whereas those studying
evolved stars surrounded by dust rely on infrared-based classifications.
And the same goes for the choice of the level of resolution of the taxonomic
units: astrophysicists interested in stellar magnetic fields need high-reso-
lution spectral classifications, whereas those studying the chemical com-
position of stars in order to understand the overall chemical evolution of
a galaxy are happy with standard resolution levels.

Stellar taxonomy should please pluralists on several grounds. Pluralists
usually draw on the diversity of biological taxa to dismiss the monist
quest for a unique correct way of classifying things (Dupré 1993; Kitcher
2001), whereas physics and chemistry are widely considered as monist
friendly (see, e.g., Ellis [2002] on the monist side and Slater [2005] on the
pluralist side). Stellar taxonomy challenges this traditional partition by
extending the domain of relevance of the pluralist claim beyond its usual
domain, biology, and by adding to the pluralist’s money bag a significant
bit of the traditional ally of the monist, namely, the physical sciences.

Moreover, in light of similarities with the familiar case of the classifi-
cation of chemical elements, stellar taxonomy invites us to reconsider the
support this case traditionally brings to a monist standpoint on scientific
classification. The main similarity between the two taxonomies is that in
both cases, kind membership is conferred by structural properties. But
an important difference is that in the chemical case, a single microstruc-
tural property, to wit, nuclear charge, happens to be the overwhelming
determinant of a large variety of chemical behaviors, whereas we have
just seen that no such single behavioral determinant is to be found in the
stellar case.’

This invites us to clearly distinguish between two claims: the claim that
the appropriate kind-membership conditions are structural conditions and
the claim that there exists a single kind-membership condition (or set of
them) that is central to explaining a large variety of behaviors. Structur-
alism and monism happen to both hold for chemical elements (and, in-
cidentally, neither holds for biological species), but the stellar case shows
us that they do not always go hand in hand: structuralism does not favor
taxonomic monism over taxonomic pluralism.* If chemistry is, on the face
of it, hospitable to taxonomic monism, it is not because its kind-mem-
bership conditions are structural—if so, stellar taxonomy would also be

3. As noted by Hendry (2006, 868), atomic weight, e.g., is a negligible factor, except
for hydrogen in which the isotope effect might be noticeable.

4. This association between structuralism and monism is often made, not only by
monists such as Wilkerson (1993) but also by pluralists (see, e.g., Slater 2005).
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monist friendly. Inversely, a case for taxonomic pluralism does not require
showing that structural kind-membership conditions cannot be found
(note that this is a strategy commonly used by proponents of species
pluralism; see, e.g., Dupré 1981).

How then should one interpret the monist friendliness of the chemical
element case? Stellar taxonomy draws our attention to a central part of
the answer, by putting to the fore what is admittedly much less manifest
in other domains of the physical sciences, to wit, the interest dependency
of a taxonomic system. We have just seen that different crosscutting tax-
onomic systems respond to different epistemic interests about stars. Is
this interest dependency specific to astrophysics and an exception in the
physical sciences? On the face of it, the classification of chemical elements
seems rather immune to interest dependency: nuclear charge does not
have any serious competitor as a grouping criterion for chemical elements,
which would respond to alternative epistemic interests. For all that, this
consensus should not be interpreted as vindicating that the periodic table
constitutes an interest-free classification of the chemical elements. It can
be argued that it rather reflects the fact that, as Hendry aptly emphasizes
when contrasting chemistry with biology, “the interests that govern its
classifications are more unified” (2006, 865). By contrast, no such unifying
character is to be found in the epistemic interests scientists have in living
organisms, hence, the much discussed interest dependency and resulting
pluralism of the groupings of living organisms and the related hot debate
on the elusive proper concept of species. But to make a case for the interest
dependency of classifications in the physical sciences, so far, pluralists
(e.g., Kitcher 2001, chap. 4) have had to contend with imaginary “fan-
tasies” in which classifiers would have come up with different taxonomic
systems, had they started with alternative or less unified epistemic inter-
ests. The good news for such pluralists is that astrophysics provides them
with an actual case in the physical sciences to support their contention
that classifications are also interest dependent in this domain.

The main upshot of my analysis of the grouping of stars is twofold.
First, by challenging the idea (still widespread even among pluralists) that
at least one domain, the physical sciences, is hospitable to interest-free,
monistic classifications, stellar taxonomy further undermines the monist
thesis (already significantly weakened by arguments drawing on the di-
versity of biological taxa) that there exists only one correct way of clas-
sifying things that science aims at discovering. Second, it shows that one
may have several crosscutting ways of grouping things, all based on the
same type of kind-membership condition, to wit, structural. In other
words, stellar pluralism is less promiscuous, as regards kind-membership
conditions, than taxonomic pluralism is about living organisms and, there-
fore, less prone to monist objections. For instance, Wilkerson’s (1993)
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attack against Dupré’s promiscuous realism on the grounds that too many
of the kinds accepted by Dupré do not lend themselves to “serious sci-
entific investigations™ is irrelevant to the stellar case. Being all based on
structural properties, stellar classifications do sort out stars into kinds
that lend themselves to causal explanations and predictions. By contrast
with the classifications of living organisms, they do not include any “useful
system of classification” (14) where any kind-membership condition goes,
as long as it responds to peculiar practical or epistemic needs (as diverse
as those of cooks, taxidermists, gardeners, or professional biologists). For
all that, are stellar kinds natural kinds?

4. Are Stellar Kinds Natural Kinds? The issue takes us back to the central
question I left unanswered earlier, about the correct reading of the notion
of “privileged” similarity parameters. It is time now to spell out the proper
reading of the notion in the astrophysical context.

As suggested by Slater (2005), taxonomic monism may be split into
two claims: a claim about classification—there exists one unique way of
classifying things—and a metaphysical claim about the objectivity and
the uniqueness of the distinctions demarcating natural kinds. So far, only
classificatory monism has been dismissed. Investigating which reading of
the notion of “privileged” boundaries is valid in the stellar case will tell
us whether, at least, metaphysical monism is tenable. Metaphysical mo-
nism states that there exists some natural order, that is, some objective,
mind-independent divisions that cut nature at its real joints in a unique
way. In other words, the world comes prepackaged with a unique set of
objective divisions demarcating natural kinds. Note that metaphysical
monism is stronger than realism. It does not only state that there exist
real, mind-independent similarities and differences in nature; it also claims
that there exists a uniquely privileged set of such similarities and differ-
ences, where “privileged” is conceived in an essentialist way. Sharing with
Kripke (1972), Putnam (1975), Ellis (2002), and others a commitment to
essentialism, here is how Wilkerson (1993, 5) sums up the thesis: “there
are many similarities and differences between things, one set is privileged
because they are the real essences,” the traditional candidates for essential
properties being structural properties (e.g., genetic structures for biological
species, molecular structures for chemical substances).

So does the stellar world come prepackaged with a privileged set of
objective divisions demarcating kinds defined by essential properties? Let
us consider first whether essentialism is tenable about stellar kinds, before
addressing the issue of realism. Essentialism traditionally requires this
(see, e.g., De Sousa 1984; Wilkerson 1993; Ellis 1996): kind membership
is conferred by possession of an essential property or properties, that is,
by a property or properties necessary and sufficient for membership of
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the kind in question. Moreover, essential properties are what determine
lawlike behaviors. Traditional essentialism also requires that a thing can-
not belong to more than one natural kind (unless the kinds in question
are hierarchically nested kinds) and that natural kinds have sharp bound-
aries. In the stellar case, structural properties (temperature, density, etc.)
are also the obvious candidates to the status of essential properties, for
they are the type of properties that determine stellar behaviors. But the
kinds they demarcate cannot count as natural kinds for at least two
straightforward reasons: stellar kinds do not have sharp boundaries, and
a star may belong to more than one kind (not to mention taxonomic
nomadism). Sticking to an essentialist conception of natural kinds would
lead to the contention that there are far more stellar natural kinds than
the stellar kinds currently demarcated by astrophysicists. Actually, in light
of what has been said about the continuous character of taxonomic pa-
rameters and the lack of infimic kinds, the quest for essential properties
inevitably leads us to “individualism” about natural kinds, that is, to
count as many kinds of stars as there are stars. But individualism is a
rather unappealing option, to say the least, for a central motivation for
the search of natural kinds is that they are supposed to be the subject of
scientific laws.” When you want to explain or predict the behavior of a
thing, you identify the kind to which it belongs and apply the laws known
to be governing the members of that kind. Saving an essentialist concep-
tion of stellar kind would thus come at the price of giving up on the
economy of work that scientific generalizations governing the behavior
of natural kinds are supposed to provide. The metaphysical monist may
agree to pay this price, but such a radically monistic ontology seems not
only a bit desperate but also utterly irrelevant to actual scientific practice.

On an essentialist, monistic reading of the term, our quest for privileged
similarities and differences demarcating stellar kinds has thus proved fruit-
less. For want of such a unique set of privileged divisions, let us see now
whether, at least, a realist standpoint on divisions demarcating stellar
kinds is tenable. Are differences demarcating stellar kinds objective? Are
they discovered rather than conventionally marked by the classifier? We
have to be careful here about what a negative answer means. Denying as
I do that there are objective distinctions between stellar kinds does not
mean that taxonomic features are not real, mind-independent features of
the world. I do take temperature and density as objective features of the

5. Note that a monist such as Wilkerson (1993, 16) bites the bullet and admits that
individualism is indeed a possibility for biological species defined in an essentialist way
by their genetic structure, but he immediately adds that it is very unlikely that we
finished up with as many natural kinds as individuals. No such potential escape from
individualism is available in astrophysics.
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stellar world: no doubt, differences in terms of structural properties be-
tween individual stars are discovered, rather than conventionally marked.
But given the continuous variation of taxonomic parameters from one
star to another, and the resulting vagueness and lack of infimic kinds,
differences demarcating stellar kinds are not discovered but conventionally
marked. Realism about stellar kinds is untenable.

So not only does the stellar world not come prepackaged with a unique
set of objective, privileged (in an essentialist sense) divisions, but also it
does not come prepackaged with objective divisions, tout court. In that
respect, metaphysical monists and realists end up on the same boat: their
only option to accommodate stellar kinds is to retreat to the unsavory
individualist standpoint on natural kinds.

So, are stellar kinds natural kinds? Well, in light of the previous dis-
cussion, the answer is a ringing no on any realist reading of the notion,
be it monist (essentialist) or pluralist (promiscuous realism a la Dupré).
In other words, if they are privileged similarities and differences in the
stellar world (and we have seen that, indeed, not just any similarity pa-
rameters are taxonomically significant), it is not because they are objective,
real ones but because they define kinds that fulfill a useful role in scientific
investigations. The appropriate reading of the term “privileged” in the
astrophysical context is therefore an epistemological, interest-depending
one.

Given this correct reading of “privileged,” the next step would be to
specify exactly in what epistemological sense stellar taxonomic parameters
can be said to be privileged, in order to examine whether they favor one
of the current nonessentialist doctrines that ground the fruitful role natural
kinds are taken to play in scientific inquiries in terms of explanatory power
(LaPorte 2004) or categories allowing reliable predictions (Boyd 1999;
Griffiths 2004). My hunch is that stellar kinds will not be easily recruited
by any of these doctrines, but establishing this point would require another
paper devoted to a thorough analysis of the epistemic virtues of stellar
kinds in terms of explanation, inductive prediction, and so on. Meanwhile,
one can at least raise the following question: if none of the current stand-
points turned out to be hospitable to stellar kinds, would that be an
embarrassment for those standpoints?

5. Concluding Interrogative Remarks. When navigating through the in-
tricate variety of currently competing doctrines of natural kinds—from
strong, essentialist ones (Wilkerson 1993; Ellis 1996, 2002) to more or less
weaker, nonessentialist ones (Dupré 1993, 2002; Boyd 1999; Griffiths 2004;
LaPorte 2004)—it is not always clear what their motivations and expec-
tations are as regards existing scientific kinds. Is the relaxation of kind-
membership conditions motivated by a desire to avoid ending up, in light
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of new scientific knowledge, with few candidates, or even no candidate
at all, to the status of natural kind? Consider essentialism about biological
species—for a long time the canonical examples of natural kinds. When
traditional essentialism turned out to be untenable in light of post-Dar-
winian biological knowledge, was the development of more hospitable
kind-membership conditions driven by a desire not to relieve biological
species from their traditional status of natural kinds? If so, is tailoring a
doctrine of natural kinds so that it includes one’s favorite candidates
(biological species being the most coveted ones) not a bit circular? For,
what makes certain kinds paradigmatic examples of natural kinds to start
with anyway? To come back to the stellar case, if none of the current
standpoints on natural kinds can accommodate stellar kinds, what will
be the appropriate attitude? Will it be tailoring a weaker doctrine that
accommodates this newcomer or claiming “so much for stellar kinds, they
are just not natural kinds”? The point I want to make is simply this:
whatever the answers to those questions are, they will need to be justified
by specifying what should be expected from a theory of natural kinds. In
other words, as newcomers in the field, what stellar kinds make thus vivid
is the need, when discussing doctrines of natural kinds, for being explicit
on general metacommitments, to wit, commitments about what should
be the constraints on those doctrines brought by the kinds defined and
successfully used by practicing scientists. That is all the more reason for
ending the philosophical disgrace of stellar kinds since Darwin’s and Cour-
not’s outdated verdicts and putting stars back on the agenda of discussions
about natural kinds and classifications.
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