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There  is  nothing  more  common  than  that  the  meaning  of  an  expression  varies  in 
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lerion  of  a  state  of  affairs.  And  then  for  the  most  part  in  such  a  case  the  change  of 
meaning  is  not  noticed.  In  science  it  is  usual  to  turn  phenomena  which  allow  exact 
measurements  into  defining  criteria  of  an  expression;  and  one  is  then  inclined  to 
think  thai  now  the  genuine  meaning  has  been  found.  An  enormous  number  of 
confusions  arise  in  this  way, ﾑ Wittgenstein  (1967) 

Given  the  proliferation  of  species  concepts  in  recent  years,  it  might  seem 
that  the  species  problem ﾑ the  difficulty  of  reaching  agreement  about  the 
definition  of  the  species  category ﾑ is  as  far  from  being  solved  as  it  has  ever 
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been  solved.  Despite  the  considerable  diversity  among  contemporary  views 
on  species,  all  are  encompassed  by  a  single,  general  concept  that  equates 
species  with  segments  of  population-1evel  lineages.  Because  this  population 
lineage  concept  underlies  virtually  all  modem  ideas  about  species,  it  bears  on 
almost  every  historical  and  philosophical  question  that  one  would  care  to  ask 
about  those  ideas,  including  the  major  themes  of  this  volume.  In  this  essay,  I 
describe  the  general  concept  of  species  as  segment's  of  population  lineages 
and  show  how  it  encompasses  the  diversity  of  modem  views  on  species.  I 
then  discuss  two  assumptions  that,  despite  widespread  agreement  about  the 
general  nature  of  species,  lead  to  incompatible  species  concepts.  I  show  how 
eliminating  one  of  those  assumptions,  which  entails  reconsidering  the  denn ﾂ   
ing  properties  of  the  species  category,  effectively  solves  the  species  problem. 
I  then  use  this  perspective  to  clarify  several  philosophical  issues  concerning 
species,  including  the  role  of  the  species  concept  in  biology,  the  individuality 
                      whether  the species  category  is  a  relational  concept,  monistic 
versus  pluralistic  viewsof  species,  and  species  realism.  Finally,  I  briefly  de- 
scribe  the  history  of  the  lineage  concept  of  species   

THE  GENERAL  LINEAGE  CONCEPT  OF  SPECIES 

In  a  previous  paper  (de  Queiroz  1998),  I  argued  that  all  modern  species 
concepts  are  variants  of  asingle  general  concept  ofspecies.  In  that  paper,  I 
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presented  evidence  that  every  modem  species  definition  in  a  diverse  sample 
either  explicitly  or  implicitly  equates  species  with  segments  of  population 
lineages.  I  also  argued  that  most  of  the  differences  among  what  have  been 
called  species  concepts  in  the  literature  of  the  last  thirty  years  involve  species 
criteria,  and  I  proposed  a  revised  terminology  that  more  clearly  distinguishes 
between  the  various  concepts,  criteria,  and  definitions.1  Rather  than  repeat ﾂ 
ing  the  same  arguments  in  the  present  essay,  I  emphasize  here  how  the  most 
fundamental  differences  among  modem  views  on  species  are  nonetheless 
compatible  with  the  general  concept  of  species  as  population  lineages.  First, 
however,  I  must  describe  the  general  lineage  species  concept  itself.  Because 
the  concept  of  a  lineage  is  fundamental  to  this  concept,  I  start  by  clarifying 
some  things  about  lineages. 

L" Ineage5 

I  have  used  the  term  lineage  (de  Queiroz  1998;  see  also  Simpson  1961,  Hul1 
1980)  for  a  series  of  entities  forming  a  single  line  of  direct  ancestry  and  de ﾂ 
scent.  For  example,  a  lineage  can  be  traced  from  a  given  organism  backward 
though  a  parent,  grandparent,  great-grandparent,  and  so  on,  and  forward 
through  a  child,  grandchild,  great-grandchild,  and  so  on.  Biological  entities  at 
several  different  organizational  levels  form  lineages.  Thus,  biologists  speak 
of  gene  lineages,  organelle  lineages,  cell  lineages,  organism  lineages  (as 
described  in  the  above  example),  and  population  lineages.  Because  entities 
that  form  lineages  often  make  up,  or  are  made  up  of,  entities  at  different 
organizational  levels,  the  same  is  also  true  of  the  lineages  themselves.  An 
organism  lineage,  for  example,  is  (often)  made  up  of  multiple  cell  lineages, 
and  multiple  organism  lineages  make  up  a  population  lineage. 

Lineages  in  the  sense  described  above  are  unbranched;  that  is,  they  follow 
a  single  path  or  line  anytime  an  entity  in  the  series  has  more  than  one  direct 
descendant  (figure  3.  la).  Consequently,  lineages  are  not  to  be  confused  with 
clades,  clans,  and  clones ﾑ though  the  terms  are  often  used  interchangeably 
in  the  literature.2  Clades,  clans,  and  clones  include  all  paths  or  lines  of 
descent  from  a  given  ancestor  and  thus  are  branched,  which  is  to  say  that 
they  are  composed  of  multiple  lineages  (figure  3.1b).  Moreover,  clades,  clans, 
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nizational  leve1.  Thus,  the  later  segments  of  a  lineage  commonly  share  more 
recent  common  ancestors  with  separate  but  recently  diverged  lineages  than 
they  do  with  earlier  segments  of  their  own  lineage  (figure  3.2). 

Species 

Definitions  that  equate  species  with  lineages  refer  to  lineages  at  a  level  of 
organization  commonly  referred  to  as  the  population  level  (e.g.,  Griffiths 
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(b)  clades,  clans,  or  clones 

Figure  3.1  Lineages  contrasted  with  dades,  clans,  and  clones  (after  de  Queiroz  1998).  All  of 
the  branching  diagrams  represent  the  same  phylogeny  with  different  lineages  highlighted  in  (a) 
and  different  clades,  clans,  or  clones  highlighted  in  (b).  Notice  that  the  lineages  are  unbranched 
and  partially  overlapping,  whereas  the  clades,  clans,  or  clones  are  branched  and  either  nested  or 
mutually  exclusive.  Additional  (partial)  lineages  can  be  recognized  for  paths  beginning  at  various 
internal  nodes. 

Figure  3.2  Paraphyly  of  lineages.  The  later  parts@@e.g.,  (a)@@of  the  highlighted  lineage  share 
more  recent  common  ancestors  (b)  with  separate  but  recently  diverged  lineages  (x,  y)  than  they 
do  with  earlier  parts  of  their  own  lineage  (c,  d,  e). 
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(a)  sexual  reproduction (b)  asexual  reproduction 

FigUre  3.3  Population  hne 、 g 。， eS  in  sexuaI[y and  aS 。 x" ， W  「 eP ， OFOduCing  organf5ms  ね d 、 叫 。 d 
from  Brothers  1985).(a)a)Under5 。 Xu 引 ，。 P 「 oduCtion,o ， 伊 niSm  卜 。 ， 9 。 5" ， e  。 Onn 。。 卜 d  th ， 。 "gh 
the  process  of  reproduction  itself  (represented  by  connections  ["  ]  between  vertical  lines)  to  form 
a  population-1evel  lineage,  (b)  Under  asexual  reproduction,  no  such  reproductive  connections 
exist,  but  it  is  possible  that  the  organism  lineages  are  bound  into  a  population  lineage  by  other 
processes  (represented  by  the  spatial  localization  of  the  organism  lineages).  In  both  diagrams, 
organisms ・ are  represented  by  vertical  lines   
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evident  in  the  case  of  biparental  organisms,  where  the  process  of  sexual 
reproduction  continually  reconnects  temporarily  separated  organism  lineages 
to  form  a  unified  nexus  (figure  3.3a).  At  least  some  authors,  however,  believe 
that  uniparental  organisms  also  form  species  (figure  3.3b).  Because  a  general 
species  concept-  (i.e.,  one  that  can  encompass  the  diversity  of  modem  views 
about  species)  must  allow  for  this  possibility,  I  use  the  term  population  in  the 
general  sense  of  an  organizational  level  above  that  of  the  organism,  rather 
than  in  the  specific  sense  of  a  reproductive  community  of  sexual  organisms. 

The  population  level  is  really  a  continuum  of  levels.  Lineages  at  lower 
levels  in  this  continuum  (e.g.,  demes  or  deme  lineages)  often  separate  and  re ﾂ 
unite  over  relatively  brief  time  intervals.  Toward  the  other  end  of  the  con- 
tinuum,  lineage  separation  is  more  enduring  and  can  even  be  permanent   
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Thus,  when  I  say  that-  a  lineage  is  unbranched,  I  do  not  mean  that  it  can 
never  exhibit  internal  branching;  however,  any  such  branching  that  it  ex ﾂ 
hibits  would  have  to  be  judged  as  ephemera1.  In  any  case,  most  authors 
equate  species  with  lineages  toward  the  latter  end  of  the  continuum,  though 
they  differ  with  regard  to  the  precise  point  that  they  consider  the  line  of 
demarcation  for  species. 

Under  the  lineage  concept  of  species,  species  are  not  equivalent  to  entire 
population  lineages,  but  rather  to  segments  of  such  lineages.  Just  as  a  cell 
lineage  is  made  up  of  a  series  of  cells  and  an  organism  lineage  of  a  series  of 
organisms,  a  species  (population)  lineage  is  made  up  of  a  series  of  species. 
Not  just  any  lineage  segment  qualifies  as  a  species,  however.  Instead,  a 
species  corresponds  with  a  lineage  segment  bounded  by  certain  critical 
events.  Authors  disagree,  however,  about  which  events  are  critica1. 

1n  short,  species  are  segments  of  population-1evel  lineages.  This  definition 
describes  a  very  general  conceptualization  of  the  species  category  in  that 
L  eXPl 、 in ， the  b 、 ， i 。 n 、 t" ， e  Of ， Pe 。 I 。 ， wLh 。 "t ， P 。 。 吋 in8  。 M 。 rthe  。 、 " ，、 1 
processes  responsible  for  their  existence  or  the  operational  criteria  used  to 
recognize  themin  practice.4  It  is  this  deliberate  agnosticismwith  regard  to 
causal  processes  and  operational  criteria  that  allows  the  concept  of  species 
just  described  to  encompass  virtually  all  modem  views  on  species,  and  for 
this  reason,  I  have  called  it  the  general  lineage  concept  of  species  (de  Queiroz 
1998). 

THE  UNITY  AND  DIVERSITY  OF  SPECIES  CONCEPTS 

By  identifying  the  unity  of  contemporary  species  concepts,  the  general  lin- 
eage  concept  of  species  provides  a  context  for  understanding  their  diversity. 
Stated  in  the  most  general  terms,  that  diversity  results  from  different  authors 
emphasizing  different  aspects  or  properties  of  the  entities  conforming  to  the 
general  lineage  concept.  In  the  remainder  of  this  section,  I  describe  some  of 
the  major  differences  among  contemporary  ideas  about  species  as  well  as  the 
relationship  of  those  ideas  to  the  general  lineage  concept.  This  exercise  is 
not  intended  to  describe  the  diversity  of  such  ideas  exhaustively,  but  rather 
to  illustrate  that  even  what  seem  to  be  the  most  fundamental  differences 
among  contemporary  views  on  species  are  compatible  with  the  general  lin ﾂ 
eage  concept. 

Populations  and  Lineages 

One  of  the  major  differences  among  contemporary  views  on  species  con ﾂ 
cerns  the  terms  used  to  describe  the  entities  in  question  and  the  temporal 
perspectives  that  they  imply.  Some  authors  describe  species  as  populations 
(e.g.,  Wright  1940;  Mayr  1942,  1963;  Dobzhansky  1950,  1970;  Paterson 
1978;  Rosen  1979;  Templeton  1989),  whereas  others  describe  them  as  lin ﾂ 

eages  (e.g.,  Simpson  1951,  1961;  Van  Valen  1976;  Wiley  1978,  1981;  Mishler 
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1985).  These  two  classes  of  species  definitions  are  not  at  odds  with  one  an ﾂ 
other,  and  both  are  entirely  consistent  with  the  general  lineage  concept  of 
species.  As  has  been  noted  by  several  authors,  a  lineage  (at  the  population 
level)  is  a  population  extended  through  time,  whereas  a  population  (in  itself) 
is  a  short  segment@@a  more  or  less  instantaneous  cross  section@@of  a  lineage 
(see  Simpson  1951,  1961;  Meglitsch  1954;  George  1956;  Newell  1956; 
Rhodes  1956;  Westoll  1956).5  Thus,  definitions  that  equate  species  with  pop- 
ulations  consider  the  entities  of  interest  over  relatively  short  time  intervals, 
whereas  those  definitions  that  equate  species  with  lineages  consider  them  over 
longer  time  intervals.  In  other  words,  the  two  categories  of  definitions  do 
not  describe  different  concepts  of  species;  they  merely  describe  time-1imited 
and  time-extendedversions  of  the  same  species  concept   

Processes  and  Products 

Related  to  the  difference  in  the  timescale  within  which  species  are  considered 
is  a  difference  in  whether  to  emphasize  the  processes  responsible  for  the 
existence  of  population-1evel  lineages  or  the  products  of  those  processes ﾑ 
the  lineages  themselves.  Because  putative  unifying  processes,  such  as  gene 
flow  and  natural  selection,  are  most  easily  studied  in  the  present,  those 
processes  tend  to  be  emphasized  by  neontologists,  particularly  population 
biologists  (e.g.,  Wright  1940;  Dobzhansky  1950,  1970;  Mayr  1942,  1963; 
Paterson  1985;  Templeton  1989).  But  even  species  that  exist  in  the  present 
are  not  restricted  to  that  time  plane,  and  most  of  the  species  that  have  ever 
existed  are  long  extinct.  Because  it  is  difficult  to  study  processes  such  as 
gene  flow  and  natural  selection  as  they  occurred  in  the  past,  the  lineages 
themselves,  rather  than  their  putative  unifying  processes,  tend  to  be  empha ﾂ 
sized  by  paleontologists  (e.g.,  Simpson  1951,  1961;  Rhodes  1956;  Westol1 
1956;  Newell  1956;  George  1956;  Polly  1997).  In  any  case,  processes  and 
their  products  are  intimately  related,  so  that  an  emphasis  on  one  or  the  other 
does  not  reflect  a  fundamental  difference  regarding  ideas  about  the  nature  of 
species   

Relative  Importance  of  Different  Processes 

Even  authors  who  emphasize  unifying  processes  disagree  about  the  relative 
                        different  processes  for  the  existence  of  species.  Many  have 
considered  interbreeding ﾑ or  more  generally,  gene  flow ﾑ the  most  impor- 
tant  process  (e.g.,  Dobzhansky  1937,  1950,  1970;  Mayr  1963,  1969;  Grant 
1963).  Others  have  called  attention  to  the  maintenance  of  apparently  sepa ﾂ 
rate  species  despite  interbreeding  between  their  component  organisms  (e.g., 
Simpson  1951;  Van  Valen  1976;  Templeton  1989)  and  have  favored  natural 
selection  as  the  process  responsible  for  maintaining  separation  (e.g.,  Ehrlich 
and  Raven  1969;  Van  Valen  1976;  Andersson  1990).  Still  others  have  dis ﾂ 
cussed  common  descent  and  the  processes  that  underlie  genetic,  develop- 

1.  Monism,  Pluralism,  Unity  and  Diversity 



55 

menta1,  ecologica1,  and  historical  constraints  (e.g.,  Mishler  and  Donoghue 
1982;  Templeton  1989).  To  the  extent  that  all  of  these  proposals  are  theories 
about  the  process  or  processes                               unifying  organism  lineages  to 
form  population  lineages,  advocacy  of  any  one  (or  more)  of  them  is  entirely 
compatible  with  the  general  lineage  concept  of  species   

Sexual  and  Asexual  Reproduction 

Related  to  the  differences  about  the  processes  responsible  for  the  existence 
of  species  is  a  difference  regarding  whether  asexual  (uniparental)  organisms 
form  species.  Some  authors  (e.g.,  Dobzhansky  1937;  Hull  1980)  maintain  that 
asexual  organisms  do  not  form  species,  whereas  others  (e.g.,  Meglitsch  1954, 
Templeton  1989)  argue  that  they  d0.6  Whether  asexual  organisms  form 
species  is  more  or  less  the  same  question  as  whether  sexual  reproduction 
(gene  flow)  is  the  only  process  that  unites  organism  lineages  to  form  popu ﾂ 

lations  and  thus  population-1evel  lineages  (figure.  3.3).  Not  surprisingly, 
those  authors  who  believe  that  asexual  organisms  form  species  also  tend 
to  view  processes  other  than  gene  flow  as  important  for  the  existence  of 
population-1evel  lineages  (e.g.,  Templeton  1989),  whereas  those  authors  who 
believe  that  only  sexual  (biparental)  organisms  form  species  tend  to  view  gene 
flow  as  the  most  important,  if  not  the  only,  process.  In  any  case,  disagree- 
ments  about  the  existence  of  species  in  asexual  organisms  only  reinforce  the 
equation  of  species  with  population-1evel  lineages  in  that  they  boil  down  to 
a  disagreement  about  whether  asexual  organisms  form  such  lineages. 

Theory  and  Operations 

Another  major  difference  concerning  views  on  the  species  category  is  a 
preference  for  theoretical  versus  operational  definitions.  Theoretical  defini- 
tions  emphasize  ideas  about  the  underlying  nature  of  species;  operational 
definitions  emphasize  the  methods  and  evidence  used  to  recognize  species  in 
practice  (e.g..  Hull  1968,  1997).  It  should  be  clear  from  these  descriptions 
that  the  difference  between  the  two  positions  reflects  a  difference  in  em ﾂ 

phasis  on  ontology  versus  epistemology  rather  than  fundamentally  different 
conceptualizations  of  the  species  category.  Considering  views  at  opposite 
ends  of  the  theoretical  to  operational  spectrum  supports  the  basic  compati- 
bility  of  those  views. 

1deas  commonly  termed  phenelic  species  concepts  exemplify  an  operational 
emphasis.  These  ideas  are  commonly  characterized  as  describing  an  athe0- 
retical  extreme  in  which  species  are  treated  as  if  they  are  nothing  more  than 
groups  of  similar  organisms ﾑ that  is,  without  regard  for  the  relationships  of 
those  organisms  in  terms  of  biological  processes  such  as  interbreeding  and 
common  descent  (e.g.,  Kitcher  1984,  Ridley  1993,  Hull  1997).  This  charac- 
terization  misrepresents  many  of  the  views  in  question.  Although  advocates 
of  phenetic  definitions  have  called  attention  to  the  reliance  of  theoretical 
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definitions  on  phenetic  criteria  for  practical  application  (Michener  1970, 
Sokal  and  Crovello  1970,  Sneath  and  Sokal  1973),  at  least  some  of  the 
authors  in  question  have  explicitly  acknowledged  the  importance  of  the0- 
retical  considerations  (e.g.,  Michener  1970).  Other  advocates  of  operational 
approaches  have  even  attempted  to  incorporate  theoretical  considerations 
about  interbreeding  and  ecology  into  the  procedures  they  use  to  analyze 
species  (e.g.,  Rogers  and  Appan  1969,  Doyen  and  Slobodchikoff  1974). 
More  recent  species  definitions  stated  in  terms  of  diagnostic  characters  (e.g., 
Nixon  and  Wheeler  1990)  and  identifiable  genotypic  clusters  (e.g.,  Mallett 
1995)  also  tend  to  emphasize  operational  considerations,  but  never  with 
total  disregard  for  theory  (cf.  Nanney,  chapter  4  in  this  volume). 

At  the  other  end  of  the  spectrum  are  ideas  commonly  designated  evolu ﾂ 
tionary  species  concepts.  These  ideas  are  sometimes  characterized  as  represent ﾂ 
ing  a  theoretical  extreme  in  which  operational  criteria  are  ignored  to  the 
point  that  the  concepts  are  useless  in  practice  (e.g.,  Sokal  and  Crovello  1970, 
Mayr  1982).  This  characterization  is  also  a  misrepresentation.  Far  from 
ignoring  operational  criteria  for  recognizing  species,  advocates  of  evolution- 
ary  definitions  discuss  such  criteria  in  considerable  detail  (e.g.,  Simpson  1951, 
Wiley  1981).  For  both  operational  and  theoretical  ends  of  the  continuum, 
misrepresentations  seem  to  result  from  considering  only  the  explicit  species 
definitions  per  se  and  ignoring  associated  discussions.  Although  authors 
often  differ  greatly  in  their  emphasis  on  operational  versus  theoretical  con ﾂ 
siderations,  those  differences  exist  within  the  context  of  a  single  general 
concept  of  species. 

Models  of  Speciation 

Other  differences  among  contemporary  views  on  species  involve  properties 
related  to  general  models  of  speciation.  The  differences  in  question  concern 
the  relationship  between  cladogenesis  and  speciation  (e.g.,  Hennig  1966, 
Wiley  1981,  Ridley  1989)  and  the  persistence  of  ancestral  species  through 
speciation  events  (contrast  the  views  of  Hennig  [1966]  and  Ridley  [1989] 
with  those  of  Bell  [1979]  and  Wilkinson  [1990]).  Despite  describing  impor ﾂ 
tant  conceptual  differences,  the  general  unity  of  these  views  can  be  seen  by 
considering  the  properties  in  question  as  the  basis  for  a  classification  of  gen ﾂ 
eral  models  of  speciation  (figure  3.4;  modified  from  Wagner  and  Erwin  1995, 
Foote  1996).  The  anagenetic  or  phyklic  transformation  model  refers  to  speci ﾂ 
ation  within  an  unbranched  lineage  segment  (figure  3.4a).  In  contrast,  the 
cladogenetic  model  equates  speciation  with  cladogenesis  or  lineage  splitting 
(figures  3.4b  and  3.4c).  Within  the  cladogenetic  mode1,  the  bifurcation  model 
describes  situations  in  which  ancestral  species  fail  to  persist  through  speci- 
拙 。 n  。 V ， nt ， (Hg" ， e  3 ・ 4b) ， wh 。 m ， the  &f の f"ff 。 n  m 。 del7describeS ， 而 、 tionS 
in  which  ancestral  species  persist  through  speciation  events  (figure  3.4c).  The 
difference  between  the  anagenetic  and  cladogenetic  models  concerns  the 
relationship  between  speciation  and  processes  that  affect  lineages.  The  ana- 

1.  Monism,  Pluralism,  Unity  and  Diversity 




































































