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The Nature of Species



-two problems regarding biological classification:
-> how to divide organisms into species - ‘the species problem’

-> how to classify species into higher-level categories - ‘the
problem of systematics’

-different problems are raised by these two issues
-general philosophical issues:

a) why classify at all? (Locke on general terms)

b) why have a hierarchical classification?

c) are our classifications ‘real’ or ‘conventional’? -do they ‘carve nature
at its joints’?

d) is essentialism about biological taxa correct?

e) is there one true way to classity, or not



The Linnaean Hierarchy

-biologists use the Linnaean system to classify organisms

-> organisms are grouped in Species; species in genera; genera in
families; families in orders; orders in classes; classes in phyla; phyla in
kingdoms

rank

-e.g. grey wolf species Canis Lupus

-genus: Canis; family: Canidae; order: Carnivora; class: Mammalia;

phylum: Chordata; kingdom: Animalia

-species names indicate the genus to which the species belongs
-> hierarchical nature of classification

-> many biologists feel that species are ‘real’ in way that higher taxa are not
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The Species Problem

-why a problem?
answer (1): because of evolution, sharp discontinuities may not
exist

Maynard-Smith:

‘any attempt to divide all living things, past and present, into
sharply defined groups, between which no intermediaries exist, is
foredoomed to failure’

-taxonomists are ‘faced by a contradiction between the practical
necessity and the theoretical impossibility of their task’

-> division of contemporary organisms into species is less
problematic



Mockingbird (Nesomimus)
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1. Geospiza magnirostris. 2. Geospiza fortis.
3. Geospiza parvula. 4. Certhidea olivaiea.

Ymivol twv I'eaAamaykog -amnd to BiALo tov AapPitvov Journal of researches into the natural history and geology of
the countries visited during the voyage of H.M.S. Beagle round the world, under the Command of Capt. Fitz Roy, R.N.
(1845).



AapBivos (Kataywyn, ke@. 2):

[ look at the term species as one arbitrarily given, for the
sake of convenience, to a set of individuals closely
resembling each other, and that it does not essentially
differ from the term variety, which is given to less
distinct and more fluctuating forms.



The Species Problem

answer (i1): because the species concept is meant to satisty
multiple desiderata

e.g. we want con-specific organisms to:

1) look similar

i1) interbreed only with each other

ii1) be genetically similar

1iv) constitute a ‘real” evolutionary unit
v) occupy a single ecological niche

unclear whether a single concept can do all this work
-> pluralism about species concepts



2 (nTuata:

-> TIoLA Elval T KPLTNPLX ONASOTIONoNC;
OAS, oTE 2 opyaviouol avr)kouv oTo id1o €1d0g;

-> TIOLO £(vol To OVTOAOYLKO status tov £idovug;



'Evvolec eldovc (species concepts)

-TUTEOAOYIKN amoymn £idovug

-> TUTIOL OPYAVIOUWYV, LUE XOUPAKTNPLOTIKEG LOLOTNTEG

-> QVOLOKPATIKY Bewpnon (essentialism - ovolokpartia)
|essential property = ovolwong wotnTax / essence = ovola|

-> SUOKO0AO0 VA CLUPALWOEL pe SapBiLvikT) eE€AEN
-> To 10N WG ‘TTpaypata’ pe apyr Kol TEAOG (AL e aoapr) 0pLa),
TTOV TIPOEPYOVTAL ATIO AAAX €16M

-> TIOWKIAO MO P@LX NEca o€ £va 160G, OxL ATTOKALON aTtO TUTIO, AAAG N
‘KAVOVIKN KaTdoTtaon

(Ernst Mayr: typological vs population thinking)
-> TANOLVOULOKY OKEYT)

—> TolKLIAouop@ia + acamn opLa
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'Evvolec eldovc (species concepts)

-@ULVETLIKN amoymn eidovg
-> GUVOALKT) OUOLOTI)TQ TO OTUAVTLKO
-> EYEL EPYUAELOKPATLIKO YOPAKTIPA

-> Taglvounon eAeVBepn amo Bewpla Yo ‘“TPAYUATIKES
OUOSOTIOOELG

mpofBAnuata:
-sibling species (adeA@ka l6n)
-polytypic species (ToAvTLTIIKA €L0M)

-SLouopd LETAEY APOEVIKWV-ONAVKWYV



Drosop]zi]a persimi]is

Drosopbi]a pseudoobscura
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'Evvoleg eldovg (species concepts)

-BroAoyikn amoyn idovg (Mayr)
-> 1A €l0M WG avamapaywylkes kowvotnteg  reproductive isolation

‘eroups of actually or potentially interbreeding natural populations which are
reproductively isolated from other such groups’. (Mayr)

-£(6N TIPAYUATIKA, GAAEC TAEWVOUIKES KATNYOPIEC OXL TO LS80 TPAYUATIKEC (CUAAOYEG
ato €(6n yla Adyovug evkoAiag)

-> €101: CUVAAOYEG OPYQVIGUWYV LE TNV LKOAVOTNTO VO LOLPA{OVTUL OTIOYOVOUG

TpoBAnuata:

-hybrid zones

-ring species

-Baktnpla (Kot YEVIKA apUAETIKOL 0pyaviouol)

-GVVEKTIKN amoym eidovg (Templeton)

-> OUVEKTLIKOL unyaviopol mov 6ivouv cuvoxr) oto £(60G -0l LOVO aVATIOPOYyWYT], CAAX Kol
OLKOAOYLKOL TTAPAYOVTEG

-> 0LKOAOYIKN amoyn idovg (van Valen)
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'Evvolec eidovg (species concepts)

-> OAEG OL TP ATIAV W ATTOPELG SUOKOALN LE SLAXPOVIKESC CUYKPLOELS
LETAEY OPYAVIOUWV

-@UAOYEVETIKT) amoym ldovg  @uAoyéveon phylogeny

-0€VTpOo ™G (W1G

-OVOTIOPLOTA OAEG TIG OXECELG TIPOYOVOV-ATIOYOVOU

-TO OXNUX TOV €(val pla oA oo SIaKAASWOELS

-> 1o €101 elval Ta KAaS1a HETAED SLAKAASWOEWY

Willi Hennig -> kAadiotiky) tpoogyylon otn PoAoyikn talvounon
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'Evvolec eldovc (species concepts)

-> AUVEL TTIPOBANUA HUE 0PYAVIOUOVG TTOV HEV UTTOPOVV VA
avatoapayOouvv
TL.X. EPYATPLEG UEALOOEG

-TEPUATIONOG EL60VG o€ KABE StakAadwon;
-0xL eldoyEveon xwpls StakAadwon; (cladogenesis vs anagenesis)

-Baktnplo; Tapa TTOAAEG SLAKAXOWOELG!
-(OLVETLKT amomn viobeTeltol amo PikpoLoAdyoug

-YEVETLKI] OLOLOTNTA AVTL YL CUVOALKY);

-> OAAAQ YEVETIKO TIPO@IA UTTOpEL va AAGEEL SLAXPOVIKA



'Evvolec eldovc (species concepts)

-> 4 amOYIELg 6T ovyxpovn @lloco@ikn BLBAloypapia yia tTnv £évvola Tov £i60uG:

1: -> MAOVPAALGUOG
-> SLOLPOPETIKEG EVVOLEG EL60VGC YL SLAPOPETIKOVS OKOTIOUG

2: -> OXL TOAAEG €EvvoLEG EL60VG, aAAd 1 Evvola ToV BloAoykoV eldoug £xeL
KOTAPPEVOEL

3: (TowKIAla TNG 2NG) -> TO VA WAKUE Vi €161 XPp1OLUO, XAAX To €161 deV
VAL TIPAYUATIKEG LOVASEG GTOV KOGUO -6V VTIAPYOVV TIPAYUATIKA

4: ETILLOVY) OE HOVLIOUO
-> 1ty Queiroz: General Lineage Concept:
ta (6 elval “separately evolving metapopulation lineages” (2005, 1263)



To ovtoAoyiko status Twv BLOAOYIKWV EL6WV

-uLa atdvtnomn: ta BoAoyikd €idn (species) eival Kinds
(eidn!) natural kinds ( guoika €ién)
-> kind: cuAAoyn amo mpdyuata e kown/Eg 160t Ta /e

[vopol ¢ @uong = laws of nature - natural kKinds]

-Ghiselin + Hull: ta BloAoywa €ién elvat atopo!
-> the individuality thesis

-> glval kaBekaota (particular), avtikeipeva mov €ovv
OUYKEKPLUEVT XWPOYXPOVIKN Béon




The ontological status of biological species

Hull/Ghiselin argument:
-natural kinds are spatiotemporally unrestricted, e.g. gold

-but species aren’t, unless we accept a phenetic account, but
phenetic accounts don’t work

-species have a birth and a death, just like organisms
therefore, species are individuals

-relation between Charles Darwin and Homo sapiens is like
the relation between a cell in Charles Darwin’s hand and
Charles Darwin himself

(implicit assumption: ‘natural kind’ vs ‘individual’ is an
exhaustive dichotomy)



The ontological status of biological species

(alleged) consequences of individuality thesis:
a) once extinct, always extinct

b) reality of species not compromised by impossibility of finding necessary and sufficient
conditions for species membership -not to be expected

c) essentialism about species refuted (perhaps)

-essentialism: kinds have essential properties, e.g. gold has essential property of having
atomic number 79

(Locke, Aristotle, Kripke)

-> if essences have to be intrinsic properties, then essentialism about species is wrong
-> but if they can include relational properties, it’s much less clear

-individuality thesis reconciles the reality of species with the impossibility of finding
necessary and sufficient conditions for species membership

-analogy between cells/organs and the whole organism, and organisms and species
-part/whole relationship doesn’t require essences, in a sense



To ovtoAoyiko status Twv BLOAOYIKWV EL6WV

-KEVTPLKO EMYEIPNUA: LOVO WC KAOEKNOTA, LTTOPOVV va ep@avidovtal, va
aAAalovv, va eEapavidovtal

-> oL opYyaviopol 8ev eivat PEAT TouG £(60VG TOUG, AAAX HEPN TOV EL80UG
TOUG

-3 TpomoL opadomoinong:
-0UVOAO - HEAOG

-0Ao (&Bpolopa) -uePOG
-LOLoTNTA

-> kinds (€idn) kauia @opd Bewpovvtal wG cVVOAX PE HEAT, AAAEG WG
OUAOEG UE AVTIKELLEVA LE KOLVT) LOLOTN T

-elval Ta Boroyikd €16 Kinds, ocUvoAa, N kaBekaota (particulars);



To ovtoAoyiko status Twv BLOAOYIKWV EL6WV

-> emiyeipnuoa Godfrey-Smith (oto ke. 7):
- elvarl T BloAoyika €i6n kinds, ocvvoAa, 1 kabékaoTa
(particulars);

- Timota amo ta 3 !
- Ta BroAoyika €i6m elval OPELG TNG 0OpYAVWOTG TOU KOG OV,
TTOV UTTOPOVUE VA TIG OKEPTOVUE e 3 SLAPOPETIKOVC

/4

TPOTIOVGC

[-Churchills vs Sto&eldlo Tov dvBpaka]

-> SLAPOPETIKA OVTOAOYIKAX TIAXLO LY, XP1|OLUA YL
SLOLPOPETIKEC OUASOTIONOELG



To ovtoAoyiko status Twv BLOAOYIKWV EL6WV

-> EYYEVELC Vs eEwYEVELC 1610t TeG (intrinsic vs extrinsic)

-> (QUAOYEVETIKEG KAL OLKOAOYIKEG LOLOTNTESG -> EEWYEVELG
-> (DALVETIKES KOl YEVETIKEC -> EYYEVELG

-> Kitcher: ta BloAoyikad €idn eivat cuvola
-> TTAOUPAALOUOG YL EVVOLEG £160UG

-> ovolokpatia (essentialism)
-> gEwyevelc ovoieg; (Okasha)



Systematics and Classification



The Problem of Systematics

-systematics is the modern name for taxonomy

-basic issue: how to organise species into a classification system?
-1.e. into higher taxa or not?

-not exactly analogous to the species problem

-> for many biologists, species are real, but higher taxa are not -
why?

-especially in 1970s and 80s, massively controversial subject
-one point of agreement: should be hierarchical

-why?

-one possible answer: evolution is a branching process, and
classification must reflect that process

-but not everyone accepts this



The Problem of Systematics

3 competing schools in systematics:
a) pheneticists
b) cladists (phylogenetic systematics)

c) evolutionary taxonomists



The Problem of Systematics

pheneticism: defines taxa by overall similarity
cladism: classification must reflect evolutionary descent

evolutionary taxonomy: a kind of mixture of phoneticist and cladism
(though it came first)

-> dispute is about methodology of classification
-> but also practical application

-> this dispute isn’t about species (we treat the species problem as solved)

example:

-humans, chimpanzees, gorillas, bonobos, orangutans and gibbons are classed
together as members of the Hominoid superfamily

-but baboons are not counted as Hominoids

-why?

-cladists and pheneticists would answer this question differently



Phenetic Approaches

-also called ‘numerical taxonomy’
-aim: classify on the basis of ‘overall similarity’

-pheneticists would say that the Hominoid species share traits
that the baboons lack

-e.g. absence of tail

-hence baboons should be excluded

-underlying philosophy: empiricism
-biological taxa must be operationally definable

-classification should be ‘theory free’



Phenetic Approaches

-problem: similar in what respects?

-what is overall similarity

-> different similarity measures yield different classifications
-no way of choosing between them

-is ‘theory-free’ classification possible?
-many say no

-> pheneticism about higher taxa faces similar problems to pheneticism
about species

-note that pheneticism doesn’t care about genealogical relationships of
species to one another
-but only about observable phenotypic traits



Cladism

-key idea: classification must reflect evolutionary
relationships

-cladists insist that all taxa must be
monophyletic

-according to them, any non-monophyletic taxa
are not real, but mere artificial groupings

Willi Hennig

-concept of monophyly 1913-1976
-a monophyletic group is a group composed of an ancestor species, all of its
descendants species, and no-one else

-> when we ask if a group of species is monophyletic, this doesn’t mean ‘do they
share a common ancestor?’

-the answer to that question is always yes

-rather, it means ‘do they share a common ancestor that’s not ancestral to any
species outside the group’

-> cladists don’t care about the phenotypic appearances
-for them, classification should go exclusively by evolutionary relationship



New world Old world

monkeys monkeys Apes  Humans
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Cladism

-> this 1s not just an academic dispute
-example of Reptilia (reptile class)

-cladists insist that Reptilia should be abandoned
-because it’s not monophyletic

-pheneticists say that’s crazy

-in practice, unlikely that Reptilia will be abandoned



Tetrapoda

Vertebrata
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Cladism

-cladists attack others for allowing paraphyletic and polyphyletic groups (which are
accepted by evolutionary taxonomists)

-paraphyletic groups contain only descendants of a single ancestral species, but not
all of them
-polyphyletic groups contain species that share no common recent ancestor

-how to decide whether a monophyletic group is a genus, family, class, order etc?
-most cladists say, it’s totally arbitrary
-i.e. ranks in Linnaean hierarchy are just conventions

-> rank-free taxonomy

-> cladism provides a clear justification why classification should be hierarchical.:
-apply criterion of monophyly to a branching process, and you get a hierarchical
classification

-> branching process and a reticulate process

-pheneticists have no comparable justification for the hierarchy assumption

-there is no obvious reason why similarity relationships should be nested



Cladism

advantages of cladism

a) it’s unambiguous, at least in principle

b) implies there’s a uniquely correct way to classify

c) justification for hierarchical classification

d) in a way the most ‘natural’ view -something intuitive about the
idea that only monophyletic groups are ‘real’

disadvantages of cladism

a) very revisionary

b) has radical implications, e.g. abandon Reptilia

c) how do we find out if a group is monophyletic or not? -this is the
‘problem of phylogenetic inference’



Evolutionary taxonomy

-> evolutionary taxonomists: genealogy sometimes can override
overall similarity, but not always

-aim: to include paraphyletic groups, but exclude polyphyletic
groups

-method: use derived and ancestral homologies to identify
groups, rather than just the latter

-> cladists use only shared derived homologies to determine
classification
-neither group uses analogies



The Problem of Phylogenetic Inference

-basic issue: how to discover the phylogenetic (evolutionary) relations
between species?

-e.g. three species A, Band C
-two possible hypotheses

-how to decide which is most plausible?
-key cladistic idea: we use the principle of parsimony

-we pick the hypothesis that requires the fewest number of
evolutionary changes

-> but two problems:
i) how do we discover the primitive state of the character?
i1) is there any real justification for the principle of parsimony?



The Problem of Phylogenetic Inference

Hypothesis (AB)C Hypothesis A(BC)
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natural kinds - species
higher taxa avwTtepa Taca
metapopulation

Richard Boyd

HPC - homeostatic property cluster kind



