Forthcoming inBiology & Philosophy

Understanding Scientific Types:
Holotypes, Stratotypes, and Measurement Prototypes

Alisa Bokulich
Department of Philosophy
Boston University
abokulic@bu.edu
https://orcid.org/0000-00029406:3904

Abstract:

At the intersection of taxonomy and nomenclature lies the scientific practice of typification.
This practice occurs in biology with the use of holotypes (type specimens), in geology with the
use of stratotypes, and in metrology with the use of measur@modotypes. In this paper |
developthe first general definition of a scientific type and outline a new philosophical theory of
types inspired by Pierre Duhem. | use this general framewodstdvethe necessity

contingency debatabout type specimems philosophy of biology, to advantlee debate over
themyth of the absolute accuracy of standandsietrology, and to address the definition
correlation debate in geology conclude that just as there has been a productive synergy
betweerphilosophical accounts of natural kinds and scientific taxonomic practices, so too there
is much to be gained from developing a deeper understanding of the practices and philosophy of
scientific types.
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1. Introduction

When it comes tgcientifictaxonomy and nomenclatytide predominant philosophical
focus has been on the issue of natural kintsile this focus on natural kinds has been
philosophicallyproductive there is another componentsimmetaxononic and nomenclatural
practices that has been largelerlookedby philosophers of sciencandthat is what we might
call 'scientific typesand thepracticeof typification. Scientific types appear across the sciences,
though they are only a part sdmeclassificatory practicesScientific types are foundor
examplejn biology in the context of holotypes, in the geoscierasstratotypes, and in physics
in the form ofmeasuremerygrototypeqstandards It is worth underscoring at the outset that
scientific types are not kinfisthey are instead concrete particutaagparticular biological
specimen, a particular section of rock, a particular hunk of machined rivitalim in this
paper is talraw together thessifferentcasesidentify a common coré their characterization



and useandabstract from that commomie a new philosophical account afcientific types. |
will do thisthrough a detailed examination of scientific practeseamining theuseof holotypes
in biology insection 2.1theuseof stratotypsin geologyin section 2.2andthe useof
measurenent prototypes in section 2.8 section 2.4l will extractfrom these three casas
general characterization of scientific ty@esl proposéhefollowing general definitiona
scientific type is @oncrete individual object that serves as a standdneference for, and
realization of, the definition or taxon category that it namlewill then demonstratéhe
philosophical value of this new general conception of scientificstigpeusing it to advanctree
debates in the philosophy of scienttee necessitycontingency debatabout holotypes, the
absolute accuraayebate over measurement standards, and the defindioalation debate
about stratotypes.

One of the few contexts in which scientific types have received some philosophical
attentionis in the philosophy of biology, where there has been a flurry of papersan apparent
paradox concerning holotypes (eLgvine2001) specifically, the debate has been ovdnether
aholotype (i.e.type specimenbelongscontingentlyor necessarily to thepecies it namesin
section 3 | briefly reviewhis necessitycontingencydebatearguing that ican be profitably
advanced by placing holotypes within the broader category of scientific types that | define

In section 41,1 turn to the philosophical literature omeasuremeryrototypes, and
reviewthe debatén metrologyover the absolute accuracy of measurement standaatigue
thatwhat Eran Tal (2011) calls the "myth of the absolute accuracy of standaadgti be
rejected not just for measuremeaabtotypesbut also for other scientific typed his insight also
provides a foundation for addressing the debate in geology over whether definition precedes or
follows correlation (section 4.3) examine the conditions der which thescientificinstitutions
governingthe use of these scientific typ@sz., the International Bureau of Weights and
Measuresthe International Commission @woological Nomenclatuteandthe Internatioal
Commission on Stratigraphgllow for their revision. A common thread among thegarious
provisos suggests what | call a Duhemian approach to scientific types, which | outlinénalthe
section 5.As we will see, the key insight from Duhemhis distinction between a stipulative
"symbolic" definition and & common sensedefinition that allows him to reject the
conventionalist argument for the "absolute accuradtipulative defirtions. | will show how
a similar move can badapted to the context of scientific types.

2. Scientific Types

The terns 'type'and 'typificationarise fromthe scientific discoursen thesesulfields, and hence
are the termml adopt heregeven thoughheycan lead t@ninitial confusion in philosophical
circles where theerm 'type' usually takes on a differirand indeed oppositemeaning. |

have tried to flag the technical meaning in this context by using the phrase 'scientifidgyipe.’

! The general philosophical attitude that guides my approach to scientific types is similar to a
particular strain of philosophical work on natural kinds, namely the pramtieeted approach
exemplified by Kendig's (2015) work &mding (which focuses ohow natural kind categories

are identified, constructed, maintained, and even revised); and the view that natural kinds are
neither simply a matter of discovery, nor simply a matter of conventional stipulation, but rather
involve elements of both (e.g.aPorte 2004, Bokulich 2014). However, as my focus in this
paper is on scientific types and not natural kinds, | will not discusditégrature further here.



is used here, aentific typeis neither synonymous with 'kind' or ‘categongt isit to be
contrasted with token, as in the familiar tyjpp&en distinction. Indeed scientific types are a kind
of token. Although the term 'typification' is used by itself, 'type' usually appears as either a
suffix (as in holotype, stratotype, potype), or as an adjective (as in type specim8ecause

the discussion of scientific typesdtathertotaken place onlwithin one of thesspecific
scientificfields, there has not yet, to my knowledge, begemeradefinition offered for

scientific types more broadlyThe definition Idevelophere is the followingA scientific typds

a concrete individual object that serves as an objective standard of reference for, and realization
of, the definition or taxon category it namess we will see this definitioncapturesvhat is
common among the prima facie diverse notions of holotypes, stratotypesgaadrement
prototypes.

2.1 Holotypes
The use of holotypes a longstanding practicen biologythatis governed by thinternational
Commission orZoological Nomenclature (ICZN)According to the ICZM code (the
International Code of Zoological Nomenclatyra holotype is defined as "the single specimen
upon which a new nominal species group taxon is based in the original publi¢Atitcie 73).
When a new species is discover#dtspecimen is described in detail in a publicatoal
named, thereby leading to the recognition of a new taxonomic category. That individual
specimen is thedesignated the holotype for that speciedia stored in a museum perpetuity,
so that it is available teubsequent researchers for comparison and consultétiome goes
behind the scenes at a museum such as the MudeDaomparative Zoologgt Harvard
University, one will typically find nany suchholotypespecimens, conventionally mackevith a
red ribbon. Thus, in principle, for every named spedieswn to biology there should be
somewhere in the worlchandividualmarked specimen that serves as that species' holotype.
The specimethat is designated a holotype need not be a complete organism: it can be a
part of an animal (such as a femur or tooth), a fossil (either a natural replacement or a natural
impression), or even a microscope "type slidepending on the species in quastiThe idea
behindholotypesis to ground the name of a new taxon itoacrete object that serves &s a
objective standard, though there is no requirement that the specimen in question be "typical," in
the sense of representing an average range ofivaria particular sex, or even a particular life
stage of a speciessiven the limitations o& single specimen holotype, additional "paratypes”
can also be designated, for example representing a different sexstadgjgethan the holotype.
These pargpes are conventionally designated by a blue ribbon in museum collections.
To better understand the practice of holotypes it is helptubtaight some key features
of thelCZN codeés principle of typification
The fixation of the nambearing type of aominal taxon provides thabjective standard
of referencdor the application of the name it beafdo matter how the boundaries of a
taxonomic taxon may vary in the opinion of zoologists the valid name ofestaoton is
determined . . . from the narbearing type(s) considered to belong within those
boundaries. . . Once fixednamebearing types are stable and provide objective
continuity in the application of name3$hus the naméearing type oany nominal
taxon, once fixed in conformity with the provisions of the Caglept subject to change
exceptn the case of nominal gengsoup taxa as provided Article 70.3.2 of nominal
specieggroup taxa as provided Articles 74 and 7pand by use of the plary power of
the CommissionAtrt. 81]. (ICZN Code Article 61.1; emphases added).



There are three features of this principle of typification that | want to highlight and have
indicated by the italicabove. The first is thahe central function of a lhatype is to serve as an
objective standard of reference, and in particular, a standard of reference for the application of
the name it bearsThisrole of being an objective standard of reference is ond tnaue
characterizeall scientific types
A second key point in the ICZN's principle of typification is that ndr@aring types
(holotypes)unction to provide a stability ammbherenceacross the scientific community. For
effective communication, it is important that scientists are using terthe same wayand
know when they are referring to the same taxdshas been emphasizedthe scientific
literature on holotypes
species namegrovide the most consistent anchor to which all taxonomic, ecological,
molecular, conservation, and otheologically relevant data are attachddegal
protection and policy are also linked with names on the assumption that the groups
indicated by the names are consistarough time and among places . Medical and
veterinary implementation requiresnemunication about unambiguous identifications
(Pyle and Michel 2008, p. 40)

This is a vast community to coordinate, and scientific types are an effexiey whichto
securehe neededonsistency andtability. This does not, of course, imply tlaur knowledge
about these species or other taxonomic categories is f&@dntific knowledge is continually
changing, but in order to track that change there has to be stability and coherence in how names
andterms are appliedThis function of prowling stability and coherence witham evolving
scientific practice isas we will seea general feature @l scientific types.

Finally, athird feature of the principle of typificatidhand the one most relevant to the
necessitycontingencydebatan the philosophy of biologyhat | will discusdelowin section
3N is the clause that says a holotype is not subject to clextgein cases of Articles 70.3.2,
74, 75 and 81. In other words, a holotype is taken conventionally to be infallible in picking out
the taxon that it namBlexcept in a variety of special circumstances. | will return to discuss
what those special circumstances are and their philosophicatatgtis in section 4.2.

It is important to emphasize that a holotype does not define a taxon in the sense of
determininghow a given species is delimitedhat is a substantive empirical questidmose
answer evolves as scientific research progrease®pinions about "lumping" versus "splitting"
evolve Asformer ICZN exeative secretary Ellinor Michednd Richard Pyle noté)e "process
of typification allows the name to be tied to a physical standard (and hence provides an objective
basis for idefifications), but leaves room for taxonomy to chdnd®yle and Michel 2008, p.
41). They offer the following diagram (Fig. 1) to illustrate the way in whighe specimens
function as a bridge betwetaxonomy and nomenclatyreaving a foot ireach
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Type specimen
Figure 1: Type specimens as lying at the intersection of taxonomy and nomenclature.
Reproduced from Pyle and Michel 2008, Figure 2.



To summarizehis subsectiorthen,we have sen that holotypes have three kisatureghat can

be found inthe IC2N's principle of typification: First, its function is to serve as an objective
standard of reference for the application of the name it bears; second, its purpose is to secure a
stability and coherence of practice across a commohitgers; and thirdy type specimen's role

as standard is not typicalbubject to revision, but can in fact be revigedxceptional (though

not necessarily rare) circumstancés | will show next, these three featuean be found in the
guidelines governingtratotypes in gdogy as well.

2.2. Stratotypes

Within geology, chronostratigraphy is the study and organization of the stratigraphic (rock)
record in relation tgeologictime. Gedogic time, which encompasses tmme4.5 billion

years of EarthOs history, is itsifanized into a hierarchical set of named units knas/the
Geological Time Scale (GTShe omoing construction of which is a vast interdisciplinary
effort. There is a duality inherent in the GTS in that the named divisions refer both to
chronostratigaphic ("time-rocK’) units, that is, all and only those rocks or strata formed during a
certain interval of time, and geochronologianits, which are purely temporal ("time") units.
So, for example, the 'Jurassic’ refleath to the geochronolag(“time™) unit, the Jurassiceifiod,
and to the chronostratigraphititne-rock”) unit, the Jurassi8ystem (the set of all oks formed
during the Jurassicdfiod). This duality is preserved through t&konomiclevels of the GTS
hierarchy Much like thebiological taxonomic hierarchy of specigenusfamily-orderclass,

the chronostratigraphi¢time-rock”) hierarchy includes staggeriessystemerathemeonothem,
which parallels the geochronolodiime) hierarchy ofageepochperioderaeon. Although
somewhat awkwardhis dualityis arguably important insofar as the stratigraphic recamd {he
fossils or other materials it conta)ns thematerialevidential base from which geologic time is
inferred.

While it has long been recognized thanygiven locationdeeper stratigraphic layers
correspond to periods further back in timpegcisely which periodsf geologictime are
represented in the stratan vary dramatically fromlaceto place Depending on local factors
such as rates of erosiondauplift, thestratigraphidayers exposed at any given location can
represent sediments deposited 50 yagrgin which case those rocks would inembersf the
Quaternansysten), 150 million years agwhenthe stegosaurudinosaurs roamegnaking
thempart ofthe JurassiSysten), or even 500 million years ago when the trilobites flourished
(hencememberof the Cambriarbystem). Thus, the project of chronostratigraphy istotthe
variousstratigraphic rocks around the world into thereot taxonomictime-rock" bin, thereby
providing acompletechronostratigraphic classification

In order for such a classification to be scientifically useful, there needs to be a clear and
univocalnomenclatur@andunderstanding of precisely where thmundaies, marking the end of
onechronostratigraphic unand the beginning of anothéall. For example,he infamous KPg
boundarywhichis the particular stratigraphic layer of rock recording the Chicxulub impact that
killed off the nonavian din@aurs, marks the end of the chronostratigraphic unit known as the
Cretaceous System and the beginning of the next chronostratigraphic uRalebgene



Systent Itis rare, however, to find such a clearly markeatively isochronousind globally
presentvent hencein most caseshe precise boundaries betwedmonostratigraphic units
needto be drawrat a particular stratigraphic laysomewhatonventionally. The method that
has been adopted by stratigraphers is the OGSSRilden@pikeO method.

GSSP stands fdslobalBoundaryStratotype Se@in and Pointand it is a kind of
boundary stratotypeThe Guidelines and States of the International Commission on
Stratigraphy (ICSHefines GSSPs as follows:

This Boundary Stratotype Section and Point isdbgignated typef a stratigraphic

boundaryidentified in published forrmandmarked in the sectioas a specific point in a

specific sequence of rock stratad constituting thetandard for the definitioand

recognitionof the stratigraphic boundary between two named glstiaaldard
stratigraphic (chronostratigraphic) units. (Cowie et al. 1986, @mphases added

As we see in this defition, a GSSHs a concrete individual (i.ea specific point in garticular
series of rock stratat a particular localendtypically marked and labeled withnaetal"spike")
thatserves as a standard for the definition and recogrofitihe beginning o& named
chronostratigraphic unitThe decision to have thepty designate a chronostratigrapbazindary
(such as the Permiafriassic boundary), rather than a whole chronostratigraphic unit (e.g., the
Triassic System) arises from the desire to have a system of chronostratigraphic units that
completely covers the @Ggic Time Scale without any gaps or overlapping units. So the GSSP
at the PermiafTriassic boundargwhich ismarked at a particular point thebase of Bed 27c of
Meishan setion D, in Southern Chinanarks the beginning of the Triassic chronostratigraphic
unit andthe end of the Triassis marked by the boundary stratotype defining the beginning of
the next chronostitigraphic unit, the Jurasqhich isa GSSP "golden spike" placed in the
Kuhjoch setion of the Karwendel mountains in therthern Calcareous Alps, Austyia

As thelCS guidelines clarify, the GSSP defines not just the chronostratigraphic-("time
rock™) unit, butis alsotaken to define a moment of tinfénsistence on a Boundary Stiotype
Point is in order to define without a doubt an instant of geokigie" (Cowie et al. 1986, p. 5).
In other words, th&SSPalso definethe moment of timatwhich the corresponding
geochronologic ("time") unit beginsSo, for example, the GS$PMeishan,Southern China
defines not just thbeginningof the Triassic Systeinut alsathe start of the Triassic Period.
Importantly, this moment of time is not defined in terms of a numerical "ab%thgage, but
ratheris defined stratigraphidgl as a precise moment in "relative" timiéthere is suitable
material at the boundary to be radiometrically dated, then an absolute age may be associated with
the boundary, but it is not taken to define the moment in time. Indeed the absolute ages
as®ciated with boundaries like the Perfinassicare fallible, and are oftenrevisedas
radiometric dating methods aterativelyimproved (for gohilosophicaldiscussion see Bokulich
2020).

2t thus by default also marks the boundary of any smaller chronostratigraphic unitscasehis

the end of the Upper Cretaceous Series and beginning of the Paleocene Series, and the end of the
Maastrichtian Stage and beginning of the Danian Stage.

% A single GSSP is placed for each chronostratigraphic boundary, but there is no requirament th
successive GSSPs be anywhere near each other. Hence, as discussed below, the scientific
challenge is to use empirical evidence to extend that point into an isochronous horizon around

the world.



Stratotype pointare thus the only places where geoscientists Khgwdefinition)that
time-rock and time coincide. The scientific challenge then is to extend this chronostratigraphic
boundary around the worldAlthough there is some degree of arbitrariness in whexetigxa
GSSP is placed>;SSP locations are choseith two guiding criteria: first, the GSSP should be
placed in "continuous" sections with no breaks or unconformities in the sedimentary record,
which would represent "missing” time of unknown duratemdhence not uniquely define a
moment of time And, second, GSSPs should be placed where there areneldars that
facilitate global correlatability Biostratigraphic events, like the lowest (first) occurreoice
highest (lastpccurrencef afossil sgciesare the most common "primary margefor
chronostratigraphic boundaries in the Phanerozoic, but correlatability is improved by having
many "secondary markersyhich can be other biostratigraphic eventagnetostratigraphic
reversals (records ofifis in Earth's magnetic north and south poles), stable isotope excursions
etc. Thestratotypefor the beginning of the Triassic, for example, has as its primary marker the
lowest occurrence (first appearance datum) ottm®dont fossiHindeodus parvuswhich is an
extinct eellike species And the end of the Triassic (beginning of Jurassic) has as its primary
marker thdirst appearance dhesmoothPsiloceras spelgroup Ammonite These biologic
markers are used to identéynd globallyextend butnot define, the stratotypéNonetheless, this
epistemiadependence of most stratotypes on biological index fossils makes them subject to
many traditional philosophical issues in biolpguch as the speciesoplem (for a discussion
see M&owran2005).

As we have seen, stratotypes (GSSPs) providatarialstandard of reference fire
definition and recognition of the base of a named chronostratigraphicgeredponding
geochronologic) unitThe stratotypehusfixes the reference ahatnamedchronostratigraphic
unit, providing ataxonomicclassinto which stratigraphic rocks all over the world can be sorted
(e.q., the class of all rocks formed during the Cambrian Perfdtough designating a
stratotype is an act of stipulatioretdrmining vihhich aher rocks belong in that taxasof course
a substantive empirical projedtike biological holotypes, stratotype 'specimens' mushbe
publically accessiblécalitiesfor scientific consultation, and ratifiedscientific type requires
not justthe physical specimen, but also its detailed description in an ofwgitific
publication.

More broadly, he purpose of stratotypes is to secure a stability and coherence of
scientificnomenclature angractice across @dversecommunityof scientists As many
geoscientists lamented;igr to the institution of stratotypes, "names of the supposedly 'standard’
periods, epochs, and ages were used in significantly different ways by geologists in different
parts of the world" (Walsh et al0@4, p. 202).By providinganobjective anchor for a
taxoromic name in a material standagdverned by an international scientific organization
scientific types are an effective tdor securinghe necessary coherencimsofar as satotypes,
areconwentionally takerto be permanentheyals function to provide stability However, a a
recent papeirom UK's Stratigraphy Commission notése situation can be a little more
complicated in practice.

GSSPs, once ratified, are generally regardedkad.fiThere are in fact a few conditions

which permit revision of an existing GSSP such as its having been destroyed or become

inaccessible. A GSSP can also be changeadsifong demand aeés out of research
subsequent to its establmbnt, But in theneantime it wi give a stable point of

reference (Smith et al. 2015p. 40, with quotation frorRemanest al.1996 p. 80)



Thus,althoughstratotypesre takerno be permanentfixing thereferenceof a named
chronostratigraphic unitaseand defininghe correspoding instant of geologic timéhe
guidelines of theelevant international organization (here the ICS) profodearious
circumstances under which the scientific type can be revasade also saw in the case of
holotypes | will return to discusswhat those special circumstancesfarestratotypes in section
4.3.

Once againwe seéan the case of stratotypésata scientific type'sunction is tq first,
serve as an objective standard of reference for the application of the meaesjtsecond,
secure a stability and coherence of practice across a community of users; atigattard,
scientifictype's role as standard is not typically subject to revision, but can in fact be revised in
exceptional circumstance8efore elaboratinghis general characterizatiamwever,| will
examineathird and finalexample of scientifitypes: measurement prototypes.

2.3 Prototypes: Measurement Standards
Althoughwe often takdor grantedhe units by which we measun®rld, suchas the meter and
the kilogramthere is a highly complex field known as metrology that is devoted to making sure
that in meaning and practice, we are all in agreeiqeodt these unitsThe international
organization responsible for governingghearious units of measurementtise International
Bureau of Weights and Measures, or BIPM (after the French Bureau International des Poids et
Measures).BIPM describes its mandate ggdviding the basis for a single, coherent system of
measurements to be usgbdoughout the worltd(BIPM 2019h. One of the primary ways that
BIPM hastraditionally securedhis stability andcoherences throughthe use ophysical
measurement standardnown agprototypes. Within metrology, a prototype is defined as a
concreteobject or artefact that serves as blasis of thalefinitive definition or realization of its
unit of measuré.
One example of a prototype is theernational Prototype Miter, whichis a particular
metal bar formed out & platinum and iridium allognd corserved at the BIPNh Svres,
France. This particular baerved as thbasis of thalefinition of the meter from 1889 until
1960. Recognizing the influence of temperature, pressure, and goawvityis metal artefact, the
definition of the meter wasore precisely formulateid 1927as follows®
The unit of length is the metre, defined by the distance, at 0j, between the axes of the two
central lines marked on the bar of platifndium kept atthe Bureau International des
Poids et Mesures and declared Prototype of the metre by the 1st ConfZrence GZnZrale des
Poids et Mesures, this bar being subject to standard atmospheric pressure and supported
on two cylinders of at least one centimetre diametgmmetrically placed in the same
horizontal plane at a distance of 571 mm from each ofB#*M 201%, Sl, 9th ed, p.
159).

This prototype meterouldthenbe compared to secondary standarfdsmilarly constructed
bars, which werdistributed aroud the world for the standardization of measureme@tsly the
original prototype bar stored in&res however, serveds the basis of the definition of a meter

* By 'realization' one means the conversion of a thieatejuantity to reality.

® Even the original 1889 definition of the meter specified that is watptbeotype, at the
temperature of melting ic@that] shall henceforth represent the metric unit of length”
(https://www.bipm.org/en/CGPM/db/1)1/




Whatever the length of this scientific typas(under the above condition#)was by deahition
exactly one meter.

Another example o measurement prototype is théernational Rototype Klogram
(known as IPK or the 'Big K')The IPKis a concrete artefact made of a platinuidium alloy,
machined into a rightircular cylinder, and stored in the BIPM headquarters unelSs France.

Also established in 1889, the IPK servedhasdefinition andasis of the realizatioof the
kilogran

The kilogram is the unit of mass; it is equal to the mass of the int@rabgrototype of

the kilogram. . . It follows that the mass of the international prototype of the kilogram is

always 1 kilogram exactly (BIPM 2006 SI8"ed, p. 113

Although the stipulative definition takes the mass of the IPK to alwaggdmetly 1 kilogram, the
real world is little messier (literally). After giving the above definition of the kilogram in terms
of the mass of the prototype, they immediago on to na the following:

However, due to the inevitable accumulation of contamis on surfaces, the

international prototype is subject to reversible surface contamination that apprgaghes 1

per year in massFor this reason, the CIP]EomitZ International des Poids et Sleres]

declared that, pending further research réierence mass of the international prototype

is that immediately after cleaning and washing by a specified megieM 2006,SI

8" ed, p. 112)

This (cleaned) IPK thus servedths realization of the definition of the kilogram ahe
reference statard against which other, secondary national kilogram standards could be
calibrated.

Both the International Prototype Meter and the International Prototype Kilogram are
examples oscientific typedhatserve asn objective standard of reference forgd aealization
of, the definitionof their kind. Their purpose as we saw, is to secure a coherence and stability
of practice across a community of usefsnally, a prototype is intended to have a permanence
and not be subject to revisiohike holotypes and stratotypelpwever they cann factbe
revised in exceptional circumstancddhe prototype meter's status as a type definition was
revisedin 1960and the IPK's status as the type definition of the kilogras revised in 20191
will return todiscuss the circumstances that prompkederevisiorsin sectiord.1.

2.4Understanding Scientific Typesand Their Functions

Althoughoccurring in different fields and involving subtle differenddgre is a common focal
function and statuw holotypes, stratotypes, and measurement prototyiped,argueunitesall
three under the rubric &dcientific type' To capture this commonality propose iefollowing
general definitionA scientific types a concrete individual object that sesvas an objective
standard of reference for, and realization of, the definition or taxon category it narhiss
general definition islerived from, andupported bythe detailechnaly®s of the threecases
givenin the precedingulsections.

As wehave seen,liahree typesnvolve tying atheoreticakind category to a single
physical object that has a privileged staaghe definitiveanchorfor the name or definition of
that kind of thing.All three have as theifocal function serving as a plicly accessible standard
of referencdor thar kind. Furthermore, lhthree are tightly governed lifierelevant
international scientific organization and are takemstgulationto be unrevisable, except bye



provisosof these organizatior(as wil be discussed in more detail in section More broadly,
all three of thesscientific typesserve the purpose of securiagoherencandstability of
practice across theielevant scientific communitieglespitethe recognition oén everevolving
body ofscientific knowledge.There is aensionthat should be noted helbetween a scientific
type sering as part of a stipulative definition, heraanventionally defined to befallible, and
a scientific type servinthe purpose afecuringa stabiity andcoherence oscientificpractice.
This tension motivates tHeéuhemian approach to scientific types | develop in section 5

The general definition and account of scientific typdevelophereis valuable not just
for its own sake, but also becse it provides a new framework within which to advance a
number of recent debates in the philosophy of science and scientific praetitieshow its
fertility more concretelyby using it toaddresghe following three debatefie necessity
contingeny debate in philosophy of biology, the absolute accuracy of standards debate in
philosophy of metrology, and the definiti@morrelation debate in stratigraphWith this deeper
understanding of scientific typ@s hand, let ubegin byfirst examining theghilosophicaldebate
that has arisen over biological holotypes and whether they belong necessarily or contingently to
the species that they napamnd see whethéry placing holotypes within thisroader class of
scientific types, this debate can be furtadvanced

3. Holotypes and the Necessitfontingency Debate
One context in which the scientific practice of typification has attracted some philosophical
attention is the necessitpntingency debate ovbiologicalholotypes The debate began with
paper by Alex Levine (2001) in which he identified a paradox or "contradiction" about type
specimens Levine introduces this paradox in the contexabtherwell-knowndebate over
whetherspecies should be understoodemslsor individuals(althoughthe paradoxarguably
arisesregardless of which position one takes on that species debasg)vocating the species
asindividuals view, David Hull had noted that the practice of fixing species names through type
specimens (holotypeslggests that tlydunction agigid designatorsspecies names "cannot
change their reference, although we can find out that we are mistaken about what we thought
their reference wagHull 1982, p. 492).Since thenomenclaturaprinciple of priority(ICZN
Code Article 23) means that theame follows the type specimen regardless of which species it
is placed injt looks like the relation between a type specimen andpheies it typifies is
necessaryHowever it also seems that a type spetiniike any other organisroelongsonly
contingentlyto its species. Leveasummarizes the paradox as follows:
We can only conclude thajua organismthe type specimen belongs to its respective
species contingently, whilgua type specimeit belongs necessarily. But tlagatement
merdy codifies the contradiction without resolving it. (Levine 2001, p. 334)

Like any good paradox, sorting out whether holotypes belong necessarily or contingently to their
species turned out to be surprisingly sufjtiestion giving rise toa philosophical debate
The first proposed solution came from Joseph LaPatie,argues that the paradox
stems from a failure to distinguisle dictoandde rereadings of necessityHe explains,
Thede dictosentence 'Necessarily, any species wilypa specimen contains its type
specimen' is trugé and only if . . . "Any species with a type specingentains its type
specimen'. This does seem to be true in any possible world. .deTesentence 'Any
species with a type specimeacessarily cdains its type specimen' is tridfeand only if
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any species with a type specimen indlceualworld contains that very type speciman
everypossibleworld. This reading does not seem to be true. (LaPorte 2003, p. 587)

While he concludes that a typeespmen belongs only contingently to its species, he goes on to
argue that it can in fact be known a priori that it belongs teericeproviding an example of
contingent a priori knowledgdJsing the example of Rover as the holotypeGanis familiaris
he continus, "Although it is contingent tha€anis familiariscontains Rover, it is a priori certain
thatCanis familiarisdoes contain Roverrsie Rover is, in the actual wdrlthe type specimen
for Canis familiaris (LaPorte 2003, p. 587)Of course what is known a priori is known with
certainty, but that does not mean it is necessary. Hence tyya@ specimehelongs to its
species ishe arguesan example of contingent a priori knowledge.

In afollow-up article, Matthew Habexgreeghat type specimens belong only
contingently to their species, bdgnieshat it can be known a priorMore specifically, he
rejects the viewthat everde dictonecessity holddde argues,de dictonecessity fails, and it
fails in the actual world. Tie happens every time a type specimen is misidenifssmething
that should not be possible if type specimens belonig afictonecessity to their species”
(Haber 2012, p. 774)He supports thigiew by appealing to an actual case from scientific
practice, where a type specimen was declared not to belong to the species that it Viaryed.
briefly, the case involved twsubspecies of the garter snake species knowhasnophis
sirtalis (T.s): One was the common California R8aled Garter Snaké&,s. nfernalis and the
other was the endangered San Francisco Garter Shaké&traenia In the mid1990s
researchers discovered that the holotyppecimerfor the commorT.s. infernalisvas in fact a
member of the endanger&ds. tetraenia While the noranclatural principle of priorityArticle
23) prescribes thahe namdl .s. infernalisshouldin such caselse transferred to thendangered
T.s. tetraeniaresearchers successfully petitiorfasging Article 75.6}hat the names be
conserved for eacland that a new holotype (i.e.neotype) be designatdds. infernalis The
upshot, as Haber notes, is thest cannot know a priori that a type specimen belongs to the
species it names, since in this actual cémholotype for the common.s. inferralis was not in
fact a member of that specidswill come back in a moment to discuss the ICZN rules that
permit these sorts of revisions to holotypes, but before doing so, there is one more twist in this
debate that must be examined.

While the previouswo papers seemed to be converging on the view that holotypes
belong only contingently to their species, the most recent ragpi@s debate by Joeri Witteen
argues that is a mistak®lore specificallyhearguegacelLaPorte and Haber that therens
sense in which type specimens belong contingentlyg®pecies they name; rathenttelong
necessarily.While Witteveen raises a numberasiticisms it is his critique of Habethat | want
to specifically focus onHe writes,

To falsify de dictonecessity, it is not sufficient for a type specimen to fail to belong to

the taxon for which iformerlyserved as nargearer. Instead, it must be possible for a

type specimen to fail to belong to the taxon for whidctually serves as nardgearer.

(Witteveen 2015, p. 580).

According to Witeveen, such a situation is not possiliee offers the following helpful
diagram which outlines three scenarios.
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Figure 2: Figure from Witteveen (201%. 581 describing three different scenarios regarding the
relationship between a specimenits nameS', the taxon that name designates, and the taxon to
whichthe specimeibelongs.

In the first scenariag, the type specimeworks as intendedspecimerx carries the namé&'that
designates taxo§ andx in factbelongs to taxo®s. The second situatioh, is the situatiorthat
Haber's example of the California garter snake was intended to describe: specanmas the
name'S' ('T.s. infernalig that designates taxd(T.s. infernali$, butthe specimem in fact
belongs to taxoil (T.s. tetraeniq The third scenaria;, describes the situation aftie old
holotype was set aside aadeotype was designated fas. infernalis With this diagam in
hand, Witteveen then notes

This leaves us with the question whether it is possibfgincipleto arrive at the

situation depicted in Fig. [b]. . . . [Is it] possible for a type specimen to belong to one
taxon while carrying the name for anotherda®The answer has to be 'n@Witteveen
2015, p. 581)

According toWitteveen the type methots infallible: it is impossible for the name atype
specimen to designate a different taxon tthet to whichit belongs. Tus heconcludes thatle
dicto necessity holds.

Although Witteveen provides an insightful analysis of the necessitjfingency debate
and method of typificatior,will argue tha he ismistaken In particular, he is wrong to think
thatit is impossible to arrive at the situationsdabed in scenarib, where a type specimen
carries the name designating one taxon, but in fact belongs to anidibrer generally, | will
argue thahis argumentalls prey to a version of what has been called the "myth ddltiselute
accuracy of staratds’ Aswill become cleain section SWitteveenis essentially makinthe
same sort of mistakbatDuhem criticized the conventionalidts making

4. Myth of the Absolute Accuracy of Standards

Is the method of typificion infallible as Witteveen argues&lthough types artaken by
conventiorto be infallible, scientists are fully awateatin practicetypesarein factfallible.
Although Witteveen is correct that the type methadiisigned to beypically insulatedrom
sucherrors in taxonomic practicewill argue thatt is not in fact immune. A full defense of this
will require two parts: first, annderstanding of the various conditions under which scientific
types can be revised or rejected; and second;@uat of how scientists are able to arrive at the
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sort of situation described in scenaniabove, that Witteveen claims is impossibldegin by
reviewingsome of theonditions and provisos that allow a scientific typde recognized as
inadequatewhich will lay the foundation for the Duhemian approach to scientific types that |
outline in section 5 In the context of measurement prototypes, these conditions of inadequacy
have been used to argagainstwhat Eran Tal calls the "myth of the absolateuracy of
measurement standartd will arguethat we should extend tlecognition and rejection diis
mythto all scientific types.

4.1 Revising Prototypes
In the context of his worla the philosophy of metrolog¥§ranTal has identified what he calls
themyth of the absolute agracy of standardsHe writes,
A common philosophical myth states that the meter bar in Paris is exactly 1 meter long.
.. One variant of the myth comes from Wittgenstein.Kripke . . .develops a variant of
the same myth by stating that the length of the baspeaeified time is rigidly designated
by the phrase 'one meteNeither of these pronouncements is easily reconciledtivth
1960 declaration of the General Conference on Weignd Measures, according to
which 'the International Prototype does not define the metre with an accuracy adequate
for the present needs of metroladial 2011, pp. 10883)°

Tal's point is that scientific practice in metroldygs routinely beeable to make sense of the
fact thata prototype standaichn fail to bea sufficiently accurate realization of the unit it is used
to define. Tal's analysisn the above papéurns to the example of themporalstandardor the
second, showing how the mydlsofails in that context, butere | willinstead illustratéhe point
with the example of thprototypekilogram.

The International Prototype KilograiPK) is a particularly instructive case because it is
an example of a prototype that was recepuitiged to provide amsufficiently accuratdasis for
the definition ofits unit of measurdeading tahe formalredefinition of the kilogram iMay of
2019/ If the kilogram was defined to be whatever the IPK weighed, then how ictnelgudged
inacdequate?To what independent standard could one appeal to make gudinaen®? If there
were such an independent standard, then it would be possible to be in a situation analogous to
Witteveen's scenari The mass athe platinuntiridium artefact inSevres carries the name
'l "## kg' which then designates thiass of thinghavingthe property ofone kilogrammass.
However, if there were an independent standard, then we would be able to say that the mass of
the platinumiridium artefact in Sevre®elongs, for example, to the class of things that are
0.999®9% kg On Witteveen's reading of scientific types, there can be no such independent
standardand hence there could never be a determination that the IPK is anything other than
| "H## kg.

® Tal notes that while Wittgenstein and Kripke helped spread this myth, their own positions were
arguably more subtle.

" As of May 20", 2019 the kilogram is nowdéfined by taking the fixed numerical valofthe

Planck constartt to be 6.626 070 15 ! 10"34 when expressed in the unit J s, which is equal to

kg m2 s"1, where the metre and the second are defined in te@d#$Cs' (BIPM 2019a, p.

131).
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Although the IPKOs mass is stipulated to be exactly one kilogram, metrologists have
neverhada problem making sense of the fact that as a material artefact in the real world, its mass
varies over time Even beforehe redefinitiorof the kilogram, while théPK was taken by
definition to be exactly 1 kg with zero error, metrologists knew on the basis of background
knowledge experienceand theory that the IPK absorbs contamination from the atmosphere
(even when stored under three bell jafdence, in thegars between 1939 and 1946 they
developed th&IPM cleaning method for the IPK and its sisters (Girard 198Gyas known
that cleaning would remove betweqmy®d60ug, and that it would begin to gain mass again
right afterwards As one sources explains

OAfter cleaninly even when they are stored under their belNatse IPK and its

replicas immethtely began gaining mass again. The BIPM even developed a model of

this gain and concluded that it averaged fidlfter month for the first 3 months after

cleaning and then decreased to an averagg@par year thereafter.O (IPK, Wikipedia

see also Girard 199.

This result is depicted in Figure 3 below, which showsttenge ofnass of the IPK (designated
K) and its OidenticalO sister copies.

nettoyage-lavage
cleaning - washing

— A - date du précédent
avant apres 1¢' apres 2¢ Etalon nettoyage-lavage
before after 15t after 2"  Standard date of previous
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-10 I~ =}
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-20 — 8(41)
a3 } 12 mars 1965
-30 =
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e 7 5] 14 septembre 1946
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Fig. 3: The change of massn of the hternationaPrototypeKilogram (K) comparedo
its sister copies after a first and second cleaning. From Girard 1990, Figure 15

As we see in this figure, even in 1990 when the IPK definition of the kilogram il sway,
metrologists could make sense of the chang#itPKOmass under different conditions.

One source, or component, of an independent standardaselythis network of
background knowledge, experience, and theory that recagh@hygical causes of these
fluctuations in the IPKOs mass. | argue that this ability to recognize that the material standard
does not exactly belong to the class that it designates is actually a crucially important feature that
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allows metrologists to help tHEK betterrealize its ideal status #se unitprototype. Indeed if
metrologists could only theorize the mass of the IPK as exactly 1 kg during its reign, then they
would not have been able $acceed irtonstruding as accurate arglablea system of
measuremenas they did

A second, relatedomponent of the independent standard by which the IPKOs mass could
be judged ishroughthe periodic verifications of prototype3hree such periodic verifications
have been carried quih 1889, 1948, and 1989This involved a careful comparison of the mass
of the IPK and its six official copieas well asa comparison of two of those copies with the
platinumiridium national prototypes from 34 countrieBhe results of thestree periodic
verificationsrevealedthat the IPK|jts six sister copiesand other kilogram prototypésve been
steadily diverging in mass from each othes can be seen in Figure 4:
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Fig. 4: Mass drift of national prototype kilograms and tiaK sister prototype kilograms relative

the IPK, which is depicted in accordance with its definition as being exactly 1 kilogram, and hence
not havinghadany change of mass over the 100 year period of comparigdmsrce:Wikimedia
commons)

Although metrologists may stipulate that #rea in themass of the IPK is exactly zero, they use
the results of intercomparisions such as this to try to assess its stability empirically. Hence these
empirical comparisons provide a kind of independent standard by which to judge the mass of the
IPK. In his article, OThe Kilogram: The Present StateunfdowledgeO, BIPM metrologist
Terry Quinn summarized the results of the last periodic verification as follows:
It appears that the copies are increasing mass as a function of time with respect to the
international prototype to the extent of aboup.Ber year (5 parts in ¥0per year).An
alternative, and from the evidence of Fig. [4] perhaps more probable, interpretation is that
the mass of the international prototype is falling with respetttatibof its copies. (Quinn
1991, p. 83)

Although there may be a problem of underdetermination whethaniteslitythe some dozen
copiesall increasing and the IPK holding steady, or the IPK losing mass relative to those dozen
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copies, the latter intgaretation is, given our background knowledgwyre probable. Here we see
quite clearly that background knowledge about contamination and cleaning, and additional
empirical knowledge from intercomparisons, do in fact provide@ependent (albeit fallib)e
standard by which the mass of the IPK can be judged.

Indeed, it was in the wake of this last intercomparison that the metrology community
judged that we were in a situation analogous ttiedeenOs scenabicand hence initiated the
long and difficuk process to stipulatively redefilkdogram, a process which was not complete
until 28 years later iMay 2019. | want to argue that it wgsreciselythe metrologist&discovery
that we were in a scenati&e b that prompted them to make the stipulatiedefinition moving
from scenari@ (the IPK artefact definition of the kilogram) to the current scerefibe new
Planckconstantied definition of the kilograff). Without the possibility of being in a scenario
like b, it is not clear how one can k®sense of thdecision taundertake the difficult
redefinition The decision was neither arbitrary hasedon a whim, which if it was purely a
matter of stipulation it would seem to be; rather it was a decision made reluctantly under an
increasingly leavy burden of evidencéMloreover,as | hope it is becomingcreasinglyclear,it
wascrucially important that metrologiskeep ths independertcommon sensestandard in
mind. If in factthe IPKhad continued to lose massit had stipulativelypeen maintained as
exactly 1kg, thenfor examplethe doses of pharmaceutical drugs would have hbdsteadily
adjusted potentially reaching harmful thresholds for the human bddhe world is under no
obligation to respect our stipulatipeonouncenents on the accuracy of scientific typasd
insofar as scientist®ustuse those scientific types to guide their interactions with the world, they
cannot afford to ignore that failure of coherence.

As we have seen in this case study, there is a ccabgdl interplaypetweenrstipulation
and empiricatliscoveryin thespecificationof scientific types.Although scientific types
function asa stipulative standardand hencaseem to bénfallible, thereis anindependent
standard by whickuchscientifictypes can be judgednd that is in terms of a broader coherence
with abackgrounchetwork ofscientific practice, evidence, theory, aadxiliary knowledgé\
what in anticipatiorof the Duhemian analysise might collectively call a OnesymbolicO or
Ocommon senseO standard (wittieutatter ternin anyway suggesting that it need be obvious)
With this understanding of the myth of the absolute accuracy of measurement standards in hand,
we are now in a position to see how it can be extended tosutieatific types.

4.2: Revising Holotypes

Passing comparisons of holotypes to measurement prototypes can be found in the Jiterature
thoughsuch comparisons haneverbeen exploreth detail For example, in noting the ICZN's
understanding od holoype as ambjectiveinternational standard ceference Witteveen
remarks, In this sense a type specimen is not much different from other archived reference
standards, like the International Prototype Kilogram" (2015, p. 988ant to argue that they
are indeed alikebut in a sense that has not been widely appreciated for. eikb&Vitteveen
Haber,and others have noted, the ICENModedoes have several articles pertaining to the
revision of type specimengdowever, it is worthakinga closer lok at the precise wording of
these articles in order to better understand what motivates them.

8 Of course in the case of the kilogram the nevinitisn is no longer in terms of an artefact
scientific type.

16



There are four articles in theternational Code of Zoological Nomenclatuhat pertain
to therevision of type specimendhe first is Article 70.3itled Misidentified type species
If an author discovers that a type species was misidentified . . . the author may select, and
thereby fix as type species, the species that will, in his or her judgdrasnhserve
stability and universalityeither 70.3.1the nominal species previously cited as type
species . . . or 70.3.2 the taxonomic species actually invoivbeé misidentification.
(ICZN Code Atrticle 70.3; emphasis added)

Although tis article concerns type species, rather than type spesimsmonetheless relevant
to assessing the method of typificatiofhe type species is the naiinearing type of the
nominal genusi.e,, it is the species thétst fixes the reference pbr "defines,'a new genus
taxonomic category It thus functions inlte same way as a type specimserving as the
objective standard of reference for the name it beBngere are two things taote about the
above article: Fst, the notion of misidentification is conceptually possible within the rules of the
system of tpification and moreoverijt is treated as temporally prior to the revision of the type
Such a misidentificationan thus be caked out in terms ahe analog oWitteveen's scenario
in Fig. 2. The second kefeatureto notein the above article #he importance placed on a type
species being able to "serve stability and universality." When identification goes awry, the goal
that the scientist is requate¢o keep in mind is that of findingspecimen that enables a
coherence of practice across time (i.e., stability) andsa@pace (i.e., universality).

The second article in the ICZN's code relevant to the revision of typesde 74 and
concerns when the narbearing type has beendsa on a series of specimgagntype) rather
than a single specimen. Article 74 allows the ndr@aring function to be concentrated from a
collectionof specimenso a single individual that then becositbe type specimen (lectotype)
and deprives thether specimens of their former narbearing function.This article can be
invoked, for example, when the specimens in the syntype series are found to belong to different
species As Recommendation 74i@dicates "the designation dectotypes should be deras
part of a revisionary or other taxonomic work to enhance the stability of nomenclature, and not
for mere curatorial convenience" (ICZN Code, Article 74.63% we see here, recognition of the
need to revise taxonomy should precede the revision of &ypmkewhen types are nabrking to
enhancestability, they should be revised accordingly.

The third article relevant to the revision of types is Articlewbichinvolves the
conditions for designating a new type specimen (neotype) thiegoreviousytpe specimeis
recognized to be inadequat€&his can happen for a number of reasamthe ICZN code states
(with emphases added)

1. When there is "the express purpose of clarifyingéxenomic status dhetype

locality” of a nominal taxon{75.3.1).

2.When a holotype is believed "to be lost or destroyed"agpldysical type specimen is

needed (i.eno published descriptions or pictures are adequate) (75.3.4).

3."A neotype may be based on a different sex or life stage if necessary abldetsr

secure stabilitypf nomenclature" (75.3.5).

® Type locality' is being used here in a broader sense (than that of stratotype discussed in section
2.2) to mean the geographical or stratigraphical location where the type specimen wteicollec
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4."When an author considers that the taxonomic identity of a nominal sjggoigs
taxon cannot be determined from its existing ndo@aringtype . . . andtability or
universalityare threatened thengb(75.5).

5."When an author discovers that the existing née&ring type of a nominal species
group taxon igiot in taxonomic accord with the prevailing usajeames andtability
or universalityis threatened thereby" (75.6)

This last conditiorof the article (75.6)vas theoneinvoked in the case involving.s. infernalis
cited by Haber (20129nd discussed in section B recurring theme in thesmnditions for the
revision oftype specimenis that they are failing to secure a stability and cehes
("universality') of nomenclaturapractice. And as we see in this last condition especially, the
revision can be prompted whdre type specimegets too far out of "taxonomic accord" with
the prevailing usageAs | will argue more below, this suggests that "taxonomic accord with
prevailing usage" ifunctioninghere as an independent standard by which to judgactheacy
of a type specimen in picking out the taxon to which it belongs. In other words, pég®aan
might carry the name 'S' that designates taxon S, but by the criterion of "taxonomic accord with
prevailing usage" the type specimen belongs to a different taxdm)g landing us in the
scenarid that Witteveen claims is impossibletime ICZNS system of typification.As Article
75 makes cleasuch a situation is possikdecording tdCZN code rules, and is the
nomenclature that shoyloh such casedend to the prevailing usage.

Thefinal articlein the codeelevant to our discussias Article 81 regarding the purpose
and extenof plenarypower of thenternationalCommission orZoologicalNomenclature

The Commission has the plenggwer . . . to modify the application of provisions of the

Code to a particular case, if such apgiiocn would in its judgement distudbability or

universality or cause confusiorior the purposef preventing such disturbance and of

promoting a stable and universally accepted nactegure, it may by use of its plenary

power, conserve, totally, pasily, or conditionally suppress, or give a specified

precedence to, or make available any name, type fixatiother nomenclatural gair

any publication, and establish replacements. (81.1)

As this "catchall" articleemphasizeghere are two criteriar standardby which to judge the
adequacy of a scientific typg. By the rules of the principle of typification, and 2. By the extent
to which that scientific typpromotes a stable ammhiversalsystem of nomenclatureninimizing
confusion. When all goes according to plan, these two criteria aldged the system of
typification is adoptegreciselypecause it is typically the best mettfodsecuringa stableand
universaN or "coherenti practice. But when these two criterido come apart, Article 81.1
makesdit clear that it is the secoridoherence'triterion that should ultimately take precedence.

In other words, coherence with prevailing community practice is functioning as an independent
"common sense" standard by whitle adequacygf the scientific typean be judged.

4.3 Revising Stratotypesnd the Definition-Correlation Debate

As we saw in section 2.3, stratotype (or more preciselgkbal boundary stratotype section
and point (GSSR)is aspecificplacemarkedin a sequence of rock strata constituting the
standard for the definition and recognition of the boundaayking the beginning of @amed
chronostratigaphic (and geochronologic) unitike holotypes and protypes,stratotypes are
intended to hae a permanence, but nonetheli&se argrovisosthat allow for their revision.
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As | will show, also like holotypes and stratotypdese provisos cabestbe understood in
terms of thaultimate purpose dftratotypess a tool for securingstability and coherence of
scientific nomenclature and practice across a diverse community of scientists.

There are a number of interesting conceptgalesandongoingmethodologicatlebates
surrounding the practice of stratotype@nethat isparticularlyrelevant to our preserbncern
with the myth of the absolute accuracy of scientifieip what might be called the definition
correlation debateStratigraphers have long debateldether correlatioshould precede
definition, or whetherdefinition shouldprecedecorrelation. As discussed before, it is only by
time-correlating distant stratigraphic sections, and integrating them into a single
chronostratigraphic scale (and hence Geologic Time Scalekehatvents in Earth's history,
such as global cliate changes and mass extinctiaas baedentified,and cause and effecan
beinvestigated.The question concerns the best way to secure scchssstentlydefined and
globally correlated chronostratigraphic scale.

One philosophical approagjoes bak to Hollis Hedberg19031988) who wasa key
architectin developingtheinternational systenof nomenclature angractice for stratigraphy
andtheeditor of the first edition of thiternational Stratigraphic Guidpublished in 19761In
this Guide Hedberg argues that definition must precede correlation: "Only after the type limits
[boundary stratotypes)f a chronostratigraphic unit have been establigtieined]can the
limits be extended geographically beyond the type sefdiobally correlated] (Hedberg 1976,
p. 86. Hence according to Hedberg and subsequent thinkech as Maridlierre Aubry
(Aubry et al. 2000)a stratotype boundary must benventionallydefined first before the
substantive scientifiproject of correlation, by means loibstratigraphic (e.qg., first appearance of
an index fossil) or other events (e.g., stable isotope excursiand)e undertakeand by being
prior, those definitions should be immune to changing scientific views about correlation.

The alternative philsophicaliew in this debatés that correlation must precede
definition. This is the view legislated by thevised guidelines of the International Commission
Stratigraphy (ICSadoptedn 1996and currently in effectAs then chairman of the ICSYrgen
Remaneand colleaguewrite:

To define a boundary first and then evaluate its potential fordange correlation (as

has been proposed in some cases) will mostly lead to boundary definitions of limited

practical value(Remane et al. 1996, p. 78)

On this view, boundary stratotypes should be plawsdarbitrarily, buin those localities with a
maximum (or at leagtufficien)) potental for global correlaon.
Oneof the GSSPs thatasplaced prior to the revised guidelin@s theformer
"definition precedes correlation” approach) whas stratotype that defingde base of the
Silurian System.This GSSRvas plagued with problems of correlatabilgpecifically
"biostratigraphic deficienciesnd even [alack [of] the key index fossilS{Rong et al. 2008, p.
315). A formal restudy by the Subcommission on Silurian Stratigrapibsequentied toboth
the firstrevision of a GSSRBndto theformulation of thegeneralguidelinesfor howto revisea
stratotypg(Rong et al. 2008)In a foreunner to this revision papehey respond to the objection
(by Holland et al. 2003) thatnce defined, a GSSP should never be revidduby write,
The central important point raised by Holland et al. (2003) is the issue of stability in
Silurian stratigaphy. We agree that stability is of paramauontortance now that the
Silurian GSSPs have been defined for almost two decades and it is in the interests of both
stability and precision in international correlation that these restudies are being
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undertake. It is our view that reliance on a poorly defined GSSP does not lead to
stability. The examples of the two GSSPs selected for restudy illustrate this paint well
(Melchin et al. 2004, p. 124)

As these quotationmake clearboth sides recognizéatthe ultimate purpose @f stratotype is
to bea tool for securing a stability and coherence of practice in the face eéesemg
scientific knowledgBl a focal function that they share with holotypes and prototypesl, &
we alsosaw inthe case of dlotypes stratotypes are at the intersection of nomenclature and
(stratigraphic) taxonomy, having one foot in each; hehegare not just about having a fixed
system of definitions fatheir own sake, but ratherefor thebroadermpurpose of securing a
coherent (universal and stable) system of scientific praclibas thefailure to secure such a
coherent system of practice becomes an indepetcdamimon sensestandard by which to
judge the inadequacy of the stratotype.

5. A Duhemian Approach to Scientific Types

My aim in this papr has been to call attention to an important component of taxonomic and
nomenclatural scientific practice that has been largely overlooked by philosophers of science,
namely typification and corresponding notion of eestfic type. Through a close examination
of the use of holotypes in biology, stratotypes in geology, and measurement prototypes in
metrology, | have abstracted the following general definigoscientific type is a concrete
individual object that sees as a standard of reference for, and realization of, the definition or
taxon category that it named thenshowed the fertilityof this new conceptiohy usingthis
general frameworko addresshree debates: the necessitntingency debate about htylpes,

the absolute accuracy debate over measurement standards, and the defingiation debate
about stratotypesin particular,we can recognize that although scientific types are defined
conventionally through an act of stipulation, fbedamenrdl purposeof scientifictypesis to
securea stability and coherence of scientific practice as new discoveries are Amde. saw,

this purpose&an function as an independent "common sense" standard bysefaatific types
can be evaluated and varialsbates concerning them can be resolved.

With this detailedexamination in handve are now in a position fartherdevelopour
generabphilosophicalccountof scientific types.The account | want to defemidaws its
inspiration fromPierreDuhem’'sphilosophy of sciengeand more specifically the framework he
uses to critique conventionalisrlthough Duhem nevdto my knowledgelliscusseshe
practice of typificationhis approach contains a number of insights that togetrgrovidethe
foundaton for a philosophy of scientific typesTheseare foundn hisbookThe Aim and
Structure of Physical TheofhereafteThe Aim), which despite iteamedocus on physical
theory is actually motivated by reflections on biological classificafloim. paticular, there are

19 The Aimboth opens and closes with a discussion of biological classification, where Duhem
describes how zoologists aim to reconstruct the true tree of life, but only have access to these
"relations of real family affiliation" indirectly through ogarative anatomy. Thus he sees

biological taxonomy proceeding iteratively, aiming towards a natural classification where the
abstract (or what he elsewhere calls "symbolic") entities and relations of the taxonomy reflect the
true familial relations of @ organisms. Although interesting and underexplored, the details of
Duhem's philosophy of biology are raitectly relevant to our project here.
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threeelements | want to draw on: first, his understanding of theaseymbolic systems;
secondhis critique of conventionalism; atlgird, his notion of common sense. Since these
threeelements of Duhem's philosophy aftennot widely appreciated, it is worth briefly
reviewing them in turn.

Thefirst key elemenis Duhem's understanding of scientific theories as symbolic
systems.No matterhow close a taxonomy comes to what Duhem calls a "natural classification”
(Duhem [L914] 1954, p. 297)t will always bean abstracbn or symbolic representation of a
concrete world.Traditionally this notiorof symbolic system has been interprei@al narrowly
to mean a theory mathematized by a system of equations, but on my vigsm hiend the
point to applymuch more broadlyo any theoretical system, includirfgr examplebiological
theories. Duhemhighlightsthis duality between the symbolic system and the concrete aforld
many different levels of scientific theorizingo, for examplehe distinguishes between the
concrete experimental apparatus and "a schematic model of the same instrument constructed
with the aid of symbols supplied by theoriastting that "it is on this ideand symbolic
instrument thafthe scientst] does his reasonifigp. 156). He moreover notes thaten the
latter is too simplistic a representation of the forteran be corrected. Similarly Duhem
distinguishes between "conteecircumstances” or "practical facts" iv@ one hand, and
"theaetical facts on the other, noting how the former are turned into the latter through "the
intermediary of measurements” (pp. 183 Thus a central component of Duhem's philosophy
of science is this distinction between a symbolic system and the warklipposed to represent.

Thesecondand for our purposes most important, element from Duhem's philosophy of
science idis critique of conventionalisifthe conventionalisrfound, for examplgn the work
of Henri PoincarZ and Edouard Le Ro¥he cawentionalist thesithatDuhemwants to reject
is that"certain fundamental hypotheses of physical theory cannot be contradicted by any
experiment, because thegnstitute in realitylefinitions and because certain expressions . . .
take their meaning dnthrough them" (p. 209)He considers the exampldted by the
conventionaliststhat"free fall* of a bodymeans its "acceleration is constanthe
conventionalist argues that such a law can never be contradicted by experiment because "it
constitutes the very definition of what is meant by 'falling freglgnd that if a fall was not
uniformly acceleratedhen we would be forced to conclude that it was not(fyre209).

Duhem's response to this claim of the conventionalistsdstimguish betwen the'symbolic'
meaning of the phrases definedvithin a system of mechaniesmd the "common sense"
meaning:

The words 'fre fall of a heavy bodylow have two distinct meanings. they have their

real meaning, and they mean what common sense srieggronouncing them; for the

physicist they have symbolicmeaning, and medaniformly accelerated motior(p.

209-10)

Duhem then asks us to suppose that we obseate
a certain fall regarded by common sense as a free fall has a slightly variable acceleration.
The proposition which in our theory gives its symbolic meaning to the words 'free fall’
does not represent with sufficient accuracy the properties of the recbacrete fall we
have observedp. 210)

In this case Duhem argues, contra the conventionalists, that there are in fact two options
availabe to the scientistFirst,
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we may declare that we were wrong in establishing a connection between the concrete
fall we have observednd the symbolic free fall defined by our theary. We may seek

to eliminate by means of suitablereextions' the ‘causes of ert@uych as air resistance,
which influenced our experimer{pp. 216211)

This strategy is to holthe symbolic system fixed and attribute the error to our measurearents

the world According to the conventionalistbjs is theonly option, sincéuniformly accelerated

motion is the verydefinitionof 'free fall. Although tis will be the most comanly used

strategy Duhemargues the conventionaksire wrongn thinking it is the onlystrategy A

second option, according to Duhem, is that
we can declare that we were right in regarding the fall studied as a free fall and in
requiring that theheoretical definition of these words agree with doservations. . . .
Since our theoretical definition does not satisfy this requirerntentyst be rejected; we
must construct another mechanics on new hypotheses, a mechanics in which the words
free fdl' no longer signify 'uniformly accelerated motion," but 'fall whose acceleration
varies according to a certain law.' (Duhem, p. 210)

Although Duhem grants that the first strategyypically to bepreferredit is up to the wisdom
("good sense" doonsens of the scientist to know whehe second option is called for.

The point | especially want to emphasize here is Duhem's recognitia définitions
of a term: a "symbolic one" (taken to be true by definition) afabamon sense" ond-or
Duhan, the success of science rests on keeping both twesseparateéefinitions in play and
comparing one against the other. While the hope is that they will normally coincide, when they
do come apathere is a substantive scientific decision regarding twoproceed. Ahough
deference to our symbolic systems is usually calledsfunetims the wise choice is to have our
symbolic systems bend to common sense.

This notion of "common sense" is ttierd element want to draw on from Duhem's
philosophy This too isoftenmisunderstoodsoa fewbrief comments are in ordeilhe first
point is thatin calling it common senséedoes notn any waymean tamply that it is
‘'obvious; rather he meanghat it is outside the framework of a particular symbolic system.
Second, Duhem actually has a more complassificationof differentnotionsof "common
sensg' which are borrowed in part from Blaise Pascal and come out more explicitly in his work
La Sience Allemandésee Martin 1991 for a discussion). It includes nothast senggood
senseput alsoconnaissance commuf@mmunal knowledge or common knowledge) and
finessed'esprit(astuteness)For Duhem, success in science requires a balaneedetvhat he
calls the "geometrical" mind working withinsgmbolic systenandthe mind of"common sense
understood in these three ways

With thesethreeelements in place, we are now in a position to bring them to bear on
furtherdeveloping ghilosoghical account ofcientific types.l want to argue thacientific
systems of typificationpsuch aghe examplefrom biology, geology, and metrologlyscussed
here, are symbolic systems in Duhem's seiMsaeover, they are symbolic systethat areat
the intersection ofa conventionally stipulated)omenclatureand(efforts towards a "natural
classification")taxonomy Scientific types, as we have seen, are designed to fix the reference of
the names they beadr.s. infernalisrefers to whatevespeciegheT.s. infernaligype specimen
belongsto, and 'one kilogram' refers to whatever mass the IPK p@sséss such, these objects
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serve ashe"symbolic' standard of reference for their kirehd hence are takéy conventioro
be infallible inbelonging to the kind theyameor define

However, @& we have seen thethree examples of scientific typdscussed heréhere
areindependent standastbr judging which taxonshesescientific type belongto. Following
Duhem wecanrefer to these broadly as the "common sense" or "communal knowledge"
standardsIn the @se of prototypes, the independent @gsgmbolic) standard by which to judge
whether the mass of the IPK was exattht# kg was, first, the common sense background
knowledge that all concrete physical objects take up contamination from their environment and
lose mass through cleanirgnd secondhe "communal knowledge" of the IPK's stability
through intercomparison projedtsoherence testingyith other kilogram stndards both at the
BIPM and around the worldAlthough perhaps underdetermined as to where the lexspa
finessed'espritguidedthe metrologists in the decision to locate the error in the scientific type
and initiate the process of redefinitiolm the case of holotypege saw the independent (ron
symbolic) standarih the ICZN's deference ttaxonomic accord with prevailing usade4 kind
of "communal knowledge" independent stanéfarehich can judge aype specimen rido
belong the species it nameSimilarly, a stratotype definition of the base of a
chronostratigraphic unisuch as the Silurian, can be judged by the independent standard of
enabling a stability and coherence of practice in stratigraphic correlation, which is itsaith.
three cases, a detailed examination of scientific practice shows that the supposed infallibility or
absolute accuracy of typasbelonging to the taxotinatthey name is a mythScientific types
are also judged by independettmmon sense or communal knowledge standards.

In thinking about the scientific practice of typification, it is helpfukép in mindot
justthe structureof this symbolic systepbut also its aim.The aim of scientific typification,
recall, is tosecure a stability and coherence of nomenclature and practice in the face of ever
evolving scientific knowledgeScientists usually cede a priority of accuracy in norteare
and definitions to thenternational organizations governing these systaintypification, and
choose to locate any errort in these type standards, butheir particulartaxonomc or
measwuement practicesThey do so because this is typically the best way to secure a stability
and coherence of scientific nomenclature andtfma. However, scientists do not cede common
sense, and when scientific types falter in their ability to secure a stability and coherence of
practice, that external coherence itself becomes an independent standard by whichtke judge
accuracy anadequacy of the type When this happens, scientisan choose ttocate the errors
in the scientific typsand reviseshemaccordingly indeedall systemf typification have
clause allowing for such an optiom exceptional circumstancess we have seetn the end it
is nomenclature that serves taxonomy, not the reverse.

Although types can perform a varietyd$ciplinespecific functionsthey share a
common focal function, whichhavehereused as a basis for constructthg firstgeneral
definition ofa scientific type In addition toprovidingthis definition, | haveoutlineda novel
Duhemian philosophy dcientific typesanddemonstratethefertility of this frameworkor a
number of debateshe necessitgontingency debate in biolggthe absolute accuracy of
standardslebatdn metrology, and the definitieoorrelation debate in geology-here arether
important philosophical debatabout type$o explorewithin each of these subfields, suchtlzs
ethical debate in biology abowhether type specimens should be collected for vulnerable
specdes (Havstad®019) By offering a general definition and theory of types, | hope to provide a
foundation for further philosophical work in this areastlas there has been a productive
synegy between philosophical accounts of natural kinds and scientific taxonomic practices, so
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too there is much to be gained from developing a deeper understanding of the practices and
philosophy of scientific types.
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