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A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

•  Throughout	
  the	
  class	
  so	
  far	
  we	
  seen	
  that	
  the	
  distribu2on	
  of	
  
an	
  organism	
  is	
  the	
  result	
  of	
  its	
  biological	
  history	
  as	
  well	
  as	
  
geologic	
  and	
  clima4c	
  history	
  

•  We	
  have	
  been	
  concentra2ng	
  on	
  the	
  field	
  of	
  historical	
  
biogeography	
  

-­‐	
  	
  	
  History	
  of	
  life	
  on	
  earth	
  
-­‐	
  	
  	
  History	
  of	
  the	
  earth	
  itself	
  

	
  



A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

•  Methods	
  of	
  biogeography	
  are	
  important	
  and	
  have	
  changed	
  
through	
  2me	
  

•  I	
  want	
  to	
  go	
  through	
  the	
  history	
  of	
  biogeographic	
  methods	
  
up	
  to	
  this	
  point	
  and	
  during	
  the	
  rest	
  of	
  the	
  week	
  we	
  will	
  
read	
  papers	
  from	
  the	
  mid-­‐20th	
  century	
  when	
  there	
  were	
  
rapid	
  advancements	
  in	
  the	
  methods	
  of	
  this	
  field	
  

	
  



A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

•  Descrip4ve	
  Biogeography	
  

•  Early	
  biogeographers	
  were	
  limited	
  by	
  a	
  lack	
  of	
  
understanding	
  on	
  process	
  

•  The	
  field	
  was	
  mostly	
  descrip2ve,	
  in	
  that	
  biogeographers	
  
were	
  mostly	
  concerned	
  with	
  describing	
  the	
  distribu2ons	
  of	
  
organisms,	
  looking	
  for	
  similarity	
  and	
  difference,	
  and	
  
forming	
  some	
  hypotheses	
  on	
  how	
  they	
  got	
  there	
  

•  Focused	
  on	
  the	
  what	
  and	
  the	
  where	
  

	
  



A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

•  Descrip4ve	
  Biogeography	
  

•  Buffon	
  noted	
  that	
  different	
  regions	
  were	
  inhabited	
  by	
  
different	
  organisms	
  

•  Candolle	
  observed	
  different	
  botanical	
  regions	
  

•  There	
  was	
  a	
  need	
  to	
  develop	
  a	
  general	
  method	
  for	
  
explaining	
  these	
  differences	
  

	
  



A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

•  Descrip4ve	
  Biogeography	
  

•  Hooker	
  set	
  out	
  to	
  classify	
  biogeographic	
  regions	
  based	
  on	
  
the	
  similarity	
  and	
  differences	
  of	
  the	
  floras	
  

•  He	
  sought	
  to	
  understand	
  the	
  origins	
  of	
  the	
  flora	
  from	
  
around	
  the	
  world	
  

•  First	
  analy2cal	
  method	
  of	
  biogeography:	
  place	
  species	
  in	
  
groups	
  that	
  summarized	
  their	
  total	
  distribu2on	
  

	
  

Joseph	
  Dalton	
  
Hooker	
  



A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

•  Descrip4ve	
  Biogeography	
  

•  By	
  using	
  this	
  method	
  he	
  described	
  bands	
  of	
  affinity	
  around	
  
the	
  world	
  for	
  flora	
  

•  From	
  this	
  he	
  suggested	
  a	
  single	
  center	
  of	
  evolu2on	
  for	
  the	
  
southern	
  flora,	
  broken	
  up	
  by	
  geologic	
  and	
  clima2c	
  causes	
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A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

•  “…	
  the	
  botanical	
  rela4onship	
  [of	
  the	
  three	
  great	
  areas	
  of	
  
land	
  in	
  the	
  southern	
  la4tudes]	
  is	
  as	
  strong	
  as	
  that	
  which	
  
prevails	
  throughout	
  the	
  lands	
  within	
  the	
  Arc4c	
  and	
  
Northern	
  Temperature	
  zones,	
  and	
  which	
  is	
  not	
  to	
  be	
  
accounted	
  for	
  by	
  any	
  theory	
  of	
  transport	
  or	
  varia4on,	
  but	
  
which	
  is	
  agreeable	
  to	
  the	
  hypothesis	
  of	
  all	
  being	
  members	
  
of	
  a	
  once	
  more	
  extensive	
  flora,	
  which	
  has	
  been	
  broken	
  up	
  
by	
  geological	
  and	
  clima4c	
  causes.”	
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A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

•  Descrip4ve	
  Biogeography	
  

•  Hooker	
  was	
  an	
  advocate	
  for	
  land	
  bridges	
  that	
  once	
  
connected	
  the	
  con2nents	
  

	
  
•  His	
  friend	
  Darwin	
  explained	
  these	
  distribu2ons	
  as	
  paSerns	
  
of	
  long	
  distance	
  dispersal	
  

•  However,	
  it	
  was	
  another	
  of	
  Darwin’s	
  ideas	
  that	
  changed	
  
the	
  field	
  away	
  from	
  what	
  and	
  where	
  and	
  to	
  the	
  how	
  and	
  
why	
  

	
  



A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

•  Evolu4onary	
  Biogeography	
  
	
  
•  Darwin	
  and	
  Wallace	
  gave	
  order	
  the	
  idea	
  of	
  chao2c	
  species	
  
change	
  with	
  natural	
  selec2on	
  

	
  
•  Many	
  proponents	
  of	
  evolu2on,	
  but	
  few	
  used	
  it	
  as	
  a	
  tool	
  to	
  
explain	
  biogeographic	
  paSern	
  (with	
  the	
  excep2on	
  of	
  Wallace)	
  

•  There	
  was	
  however	
  an	
  emphasis	
  on	
  how	
  a	
  species	
  changed	
  
as	
  it	
  spread	
  out	
  from	
  a	
  center	
  of	
  origin	
  

	
  



A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

•  Phylogene4c	
  Biogeography	
  

•  ShiW	
  from	
  sta2c	
  species	
  distribu2ons	
  with	
  a	
  reliance	
  on	
  
dispersal	
  events	
  to	
  a	
  more	
  dynamic	
  view	
  

•  This	
  was	
  due	
  to	
  the	
  acceptance	
  of	
  plate	
  tectonics	
  and	
  
improved	
  systema2cs,	
  the	
  classifica2on	
  of	
  species	
  

•  Willi	
  Hennig	
  was	
  to	
  systema2cs	
  what	
  Wegener	
  was	
  to	
  a	
  
dynamic	
  earth	
  

	
  



A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

•  Phylogene4c	
  (Cladis4c)	
  biogeography	
  

•  German	
  scien2st	
  who	
  is	
  considered	
  the	
  father	
  of	
  
phylogene2c	
  systema2cs	
  

•  Sent	
  to	
  Italy	
  during	
  WWII	
  to	
  fight	
  malaria,	
  captured	
  by	
  the	
  
Bri2sh	
  forces	
  and	
  during	
  his	
  2me	
  as	
  a	
  POW	
  draWed	
  Basic	
  
Outline	
  of	
  a	
  Theory	
  of	
  Phylogene4c	
  Systema4cs	
  (1950)	
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A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

•  Delinea2on	
  of	
  monophyle2c	
  groups	
  	
  
	
  	
  	
  	
  	
  	
  	
  -­‐	
  	
  	
  all	
  descendants	
  of	
  a	
  common	
  ancestor	
  

•  Direc2on	
  of	
  evolu2onary	
  change	
  
-­‐  derived	
  vs.	
  primi2ve	
  condi2ons	
  

•  Chorological	
  method	
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A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

•  Nodes	
  represent	
  	
  
	
  	
  	
  	
  most	
  recent	
  common	
  	
  
	
  	
  	
  	
  ancestor	
  

•  Further	
  back	
  on	
  the	
  	
  
	
  	
  	
  	
  tree	
  the	
  farther	
  back	
  
	
  	
  	
  	
  in	
  rela2ve	
  2me	
  

•  Ex2nct	
  clades	
  are	
  usually	
  
	
  	
  	
  	
  represented	
  by	
  abrupt,	
  	
  
	
  	
  	
  	
  short	
  branches,	
  	
  
	
  	
  	
  	
  or	
  one	
  that	
  fades	
  away	
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  in	
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  of	
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A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

	
  
•  Direc4on	
  of	
  evolu2onary	
  change	
  

•  “Close	
  rela2ons	
  between	
  species	
  and	
  space.”	
  

•  Use	
  the	
  two	
  together	
  to	
  determine	
  the	
  direc2on	
  in	
  which	
  
certain	
  transforma2ons	
  needed	
  to	
  be	
  read	
  

•  Space	
  is	
  not	
  limited	
  to	
  geographic	
  space,	
  but	
  also	
  
ecological	
  space	
  (phenology	
  changes,	
  habitat	
  shiWs)	
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A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

	
  

1.  Study	
  a	
  group	
  and	
  determine	
  derived	
  characters	
  

2.  Produce	
  a	
  phylogeny	
  

3.  Examine	
  the	
  phylogeny	
  of	
  a	
  monophyle2c	
  group	
  with	
  
respect	
  to	
  distribu2on	
  of	
  its	
  members	
  

4.  Reexamine	
  the	
  phylogeny	
  using	
  informa2on	
  from	
  the	
  
distribu2on	
  and	
  perhaps	
  make	
  changes	
  in	
  the	
  previously	
  
determine	
  derived	
  characters	
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A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

	
  
•  Phylogene4c	
  Systema4cs	
  –	
  Tasks	
  and	
  Methods	
  of	
  
Taxonomy	
  

•  Details	
  Hennig’s	
  chorological	
  method	
  and	
  the	
  idea	
  of	
  
Rassenkreis	
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  Hennig	
  



A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

	
  
•  “Every	
  species	
  originally	
  occupies	
  a	
  certain	
  area,	
  and	
  the	
  
breaking	
  up	
  of	
  a	
  species	
  into	
  several	
  reproduc4ve	
  
communi4es	
  usually,	
  if	
  not	
  always,	
  is	
  closely	
  related	
  to	
  the	
  
dispersal	
  of	
  the	
  species	
  in	
  space.”	
  

•  The	
  distribu2on	
  of	
  the	
  closest	
  reproduc2ve	
  communi2es	
  
can	
  be	
  used	
  as	
  the	
  vicariance	
  criterion	
  for	
  the	
  phylogene2c	
  
rela2onships	
  between	
  them	
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A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

	
  
•  These	
  vicarying	
  reproduc2ve	
  communi2es	
  should	
  be	
  
viewed	
  as	
  subspecies	
  of	
  a	
  single	
  species	
  

	
  
•  Species	
  groups	
  belonging	
  to	
  a	
  community	
  of	
  decent	
  are	
  
restricted	
  to	
  unit	
  areas	
  that	
  are	
  unbroken	
  

•  “Within	
  the	
  con4nuous	
  range	
  of	
  a	
  monophyle4c	
  group	
  it	
  is	
  
also	
  possible…	
  under	
  certain	
  circumstances	
  with	
  certain	
  
transforma4on	
  series	
  of	
  characters,	
  to	
  determine	
  the	
  
direc4on	
  in	
  which	
  it	
  must	
  be	
  read.”	
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A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

	
  
•  Specia2on	
  goes	
  parallel	
  with	
  progression	
  in	
  space	
  

•  Specia2on	
  goes	
  through	
  a	
  stage	
  in	
  which	
  the	
  daughter	
  
species	
  are	
  vicariant	
  

•  “This	
  need	
  not	
  be	
  vicariance	
  in	
  geographic	
  space.”	
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Rassenkreis	
  
“Ring	
  Species”	
  



A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

•  Larus	
  Gulls	
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A	
  Revolu2on	
  in	
  	
  
Biogeographical	
  Methods	
  

•  Biogeography	
  has	
  moved	
  from	
  a	
  descrip2ve	
  field	
  without	
  
much	
  analy2cal	
  theory,	
  to	
  a	
  field	
  based	
  on	
  evolu2onary	
  
principle,	
  to	
  one	
  that	
  recognized	
  the	
  dynamic	
  earth	
  and	
  
the	
  dynamic	
  distribu2on	
  of	
  its	
  species	
  

•  Hennig	
  is	
  the	
  father	
  of	
  modern	
  systema2cs	
  and	
  pushed	
  the	
  
field	
  toward	
  using	
  closely	
  related	
  groups	
  of	
  species	
  to	
  infer	
  
distribu2onal	
  paSern	
  

•  We	
  see	
  evidence	
  of	
  the	
  history	
  of	
  dynamic	
  species	
  and	
  
dispersal	
  in	
  Rassenkreis	
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Main	
  Points	
  



Ques2ons	
  on	
  the	
  reading?	
  



Discussion	
  Point	
  1	
  

•  “…the	
  geographic	
  dimensions	
  of	
  the	
  environment	
  are	
  of	
  
par2cular	
  importance	
  to	
  phylogene2c	
  systema2cs.”	
  

•  What	
  evidence	
  did	
  Hennig	
  show	
  to	
  back	
  up	
  this	
  
statement?	
  

•  How	
  does	
  this	
  relate	
  to	
  ecological	
  space?	
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Discussion	
  Point	
  2	
  

•  “Once	
  a	
  monophyle4c	
  group	
  has	
  been	
  recognized,	
  the	
  next	
  
task	
  of	
  phylogene4c	
  systema4cs	
  is	
  always	
  to	
  search	
  for	
  its	
  
sister	
  group.”	
  	
  

•  “Every	
  monophyle4c	
  group,	
  together	
  with	
  its	
  sister	
  group	
  
(or	
  groups),	
  forms	
  –	
  and	
  forms	
  only	
  with	
  them	
  –	
  a	
  
monophyle4c	
  group	
  of	
  a	
  higher	
  rank.”	
  

•  Does	
  this	
  statement	
  remind	
  you	
  of	
  any	
  points	
  we	
  have	
  
been	
  making	
  in	
  the	
  past	
  few	
  weeks?	
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