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Stages  of  Social  Behavior


Aggrega&ons	
  
•  roos&ng	
  
• aposema&sm	
  
• chemical	
  defenses	
  

Parental	
  Care	
  
• post-­‐hatching	
  a8en&on,	
  provision,	
  
and	
  protec&on	
  of	
  food	
  

•  tending	
  of	
  eggs	
  and	
  young	
  

Solitary	
  
Nes&ng	
  

• eggs	
  laid	
  in	
  structure	
  
• parents	
  tend	
  young	
  
• no	
  reproduc&ve	
  division	
  
of	
  labor	
  



Stages  of  Social  Behavior


Communal	
  
Nes&ng	
  

• adults	
  cohabit	
  single	
  nest	
  
• parents	
  clean,	
  provision,	
  and	
  
defend	
  nest	
  

Quasisociality	
   • adults	
  cohabit	
  single	
  nest	
  
• cooperate	
  in	
  brood	
  care	
  

Semisociality	
   • workers	
  sister	
  to	
  queens	
  
• no	
  genera&onal	
  overlap	
  



Eusociality

Defining	
  Proper&es:	
  
1.  division	
  of	
  reproduc&ve	
  labor	
  
2.  coopera&ve	
  parental	
  care	
  
3.  mul&genera&onal	
  colonies	
  

Advanced	
  Eusociality:	
  
• 	
  polyphenism:	
  morphological	
  differences	
  between	
  queen	
  and	
  workers	
  
• 	
  polyethism:	
  behavioral	
  differences	
  between	
  queen	
  and	
  workers	
  
• 	
  caste	
  system:	
  can	
  include	
  reproduc&ves,	
  workers,	
  and	
  soldiers	
  
•  subcastes	
  possible	
  



Darwinian  Dilemma  


How	
  can	
  gene&cally	
  
prescribed	
  selfless	
  

behavior	
  arise	
  through	
  
natural	
  selec&on?	
  



Prior  Understandings

1859:	
  Charles	
  Darwin	
  – The	
  
Origin	
  of	
  Species:	
  
◦  if	
  sterility	
  can	
  be	
  carried	
  but	
  not	
  
expressed	
  and	
  sterile	
  individuals	
  
help	
  reproduc&ve	
  individuals,	
  then	
  
the	
  sterile	
  trait	
  can	
  persist	
  



Prior  Understandings

1964:	
  W.D.	
  Hamilton:	
  
◦  inclusive	
  fitness:	
  individual	
  reproduc&ve	
  
success	
  +	
  reproduc&ve	
  success	
  of	
  others	
  
with	
  similar	
  genes	
  

◦ kin	
  selec&on:	
  favoring	
  of	
  collateral	
  
rela&ves	
  by	
  an	
  individual	
  

◦ Hamilton’s	
  rule:	
  altruism	
  is	
  
advantageous	
  if	
  rB	
  >	
  C	
  



Prior  Understandings

1971:	
  R.L.	
  Trivers:	
  
◦  reciprocal	
  altruism:	
  the	
  
cost	
  of	
  altruism	
  may	
  be	
  
beneficial	
  if	
  there	
  is	
  a	
  
chance	
  of	
  being	
  in	
  a	
  
reverse	
  situa&on	
  
◦  explains	
  how	
  selec&on	
  can	
  
operate	
  against	
  a	
  cheater	
  



Different  Selec*ve  Forces

• 	
  individual	
  direct	
  selec&on:	
  differen&al	
  personal	
  survival	
  and	
  
reproduc&on	
  of	
  each	
  colony	
  member	
  
• 	
  kin	
  selec&on:	
  (dis)favoring	
  of	
  collateral	
  rela&ves	
  by	
  an	
  individual	
  
• 	
  group	
  selec&on:	
  differen&al	
  survival	
  and	
  reproduc&on	
  of	
  en&re	
  
coopera&ve	
  groups	
  	
  



The  Debate

	
   Is	
  the	
  evolu&on	
  of	
  eusociality	
  influenced	
  more	
  by	
  kin	
  selec&on	
  or	
  by	
  
group	
  selec&on?	
  



Wilson  &  Hölldobler  (2005)

Model	
  A	
   Model	
  B	
  
•  altruism	
  originates	
  by	
  selec&on	
  of	
  its	
  
prescribing	
  alleles	
  through	
  kin	
  
network	
  

•  group	
  selec&on	
  from	
  environmental	
  
pressure	
  and	
  kin	
  selec&on	
  drive	
  
evolu&on	
  of	
  system	
  	
  

•  close	
  relatedness	
  precedes	
  origin	
  of	
  
eusociality	
  

•  altruism	
  originates	
  by	
  group	
  selec4on	
  
of	
  its	
  phenotypically	
  flexible	
  
prescribing	
  alleles	
  

•  kin	
  selec&on	
  is	
  absent,	
  weakly	
  binding,	
  
or	
  weakly	
  dissolu&ve	
  

•  relatedness	
  arises	
  from	
  eusociality	
  but	
  
is	
  not	
  necessary	
  condi&on	
  



Wilson  &  Hölldobler  (2005)




Discussion

Ques&on:	
  Both	
  hypotheses	
  men&on	
  prescribing	
  “eusociality”	
  alleles.	
  
What	
  might	
  be	
  the	
  mechanism	
  behind	
  these	
  alleles,	
  i.e.	
  what	
  is	
  the	
  
result	
  of	
  having	
  them?	
  
	
  
	
  
Answer:	
  
• 	
  promotes	
  altruism	
  
• 	
  promotes	
  coopera&on	
  
• 	
  causes	
  daughters	
  to	
  stay	
  in	
  the	
  colony	
  rather	
  than	
  dispersing	
  



Support  for  Model  B

1.  relatedness	
  can	
  have	
  “dissolu&ve	
  effects”	
  
◦  relatedness	
  causes	
  group-­‐wide	
  divisions	
  à	
  
compe&&on	
  amongst	
  each	
  other	
  

◦ ex.	
  in	
  Xylocopine	
  carpenter	
  bee	
  pairs,	
  subordinates	
  
only	
  prefer	
  to	
  stay	
  if	
  unrelated	
  

◦ ex.	
  primi&vely	
  eusocial	
  wasps	
  don’t	
  favor	
  close	
  over	
  
distant	
  rela&ves	
  when	
  founding	
  colonies	
  

◦ ex.	
  lack	
  of	
  favoring	
  bias	
  by	
  workers	
  of	
  their	
  
respec&ve	
  mother	
  in	
  colonies	
  with	
  mul&ple	
  queens	
  

2.  phylogene&c	
  rarity	
  of	
  eusociality	
  
3.  ecological	
  success	
  of	
  extreme	
  eusociality	
  



Support  for  Model  B

1.  relatedness	
  can	
  have	
  “dissolu&ve	
  

effects”	
  
2.  phylogene&c	
  rarity	
  of	
  eusociality	
  
◦ only	
  12	
  known	
  origins	
  in	
  arthropods	
  
◦ nature	
  has	
  set	
  “high	
  bar”	
  for	
  development	
  of	
  
eusociality	
  

◦ plas&city	
  of	
  genome	
  helps	
  it	
  be	
  molded	
  by	
  group	
  
selec&on	
  

3.  ecological	
  success	
  of	
  extreme	
  eusociality	
  



Discussion

Ques&on:	
  If	
  kin	
  selec&on	
  is	
  a	
  driving	
  factor	
  in	
  the	
  evolu&on	
  of	
  
eusociality,	
  why	
  hasn’t	
  it	
  evolved	
  more	
  in	
  other	
  lineages	
  that	
  live	
  in	
  
related	
  groups?	
  	
  
	
  
Answer:	
  
• hyperrelatedness	
  may	
  also	
  be	
  a	
  necessary	
  condi&on	
  
• presumably	
  requires	
  perfect	
  set	
  of	
  environmental	
  circumstances	
  
	
  



Discussion

Ques&on:	
  Wilson	
  &	
  Hölldobler	
  men&on	
  that	
  “extraordinary	
  
circumstances”	
  are	
  necessary	
  to	
  “vault	
  the	
  bar,”	
  but	
  what	
  might	
  
these	
  be?	
  
	
  
	
  
Answer:	
  ?????	
  but	
  possibly:	
  
• occupy	
  habitat	
  that	
  is	
  easily	
  defended	
  
• reside	
  in	
  loca&on	
  with	
  abundant	
  resources	
  to	
  support	
  large	
  
popula&ons	
  



Support  for  Model  B

1.  relatedness	
  can	
  have	
  “dissolu&ve	
  

effects”	
  
2.  phylogene&c	
  rarity	
  of	
  eusociality	
  
3.  ecological	
  success	
  of	
  extreme	
  eusociality	
  
◦ ants	
  and	
  termites:	
  2%	
  of	
  insect	
  species	
  but	
  >1/2	
  
total	
  insect	
  biomass	
  

◦ groups	
  can	
  dominate	
  central,	
  stable	
  areas	
  of	
  
habitat	
  

◦ be8er	
  to	
  live	
  in	
  a	
  group	
  and	
  sacrifice	
  
reproduc&on	
  than	
  to	
  live	
  as	
  a	
  solitary	
  
reproduc&ve	
  individual	
  



Wilson  &  Hölldobler  (2005)  Conclusions

	
   If	
  their	
  alterna&ve	
  hypothesis	
  (Model	
  B)	
  is	
  correct:	
  
◦  the	
  evolu4on	
  of	
  eusociality	
  is	
  driven	
  by	
  group	
  selec4on	
  rather	
  than	
  kin	
  
selec&on	
  

◦  relatedness	
  is	
  a	
  consequence	
  rather	
  than	
  a	
  cause	
  of	
  eusociality	
  



Wilson  &  Hölldobler  vs.  Hughes  et.  al.




Hughes  et.  al.  (2008)  Terminology

• 	
  polygyny:	
  one	
  male	
  ma&ng	
  with	
  
mul&ple	
  females	
  
•  reduces	
  relatedness	
  among	
  siblings	
  

• 	
  polyandry:	
  one	
  female	
  ma&ng	
  with	
  
mul&ple	
  males	
  
•  reduces	
  relatedness	
  among	
  siblings	
  

• 	
  monandry:	
  female	
  with	
  one	
  ma&ng	
  
partner	
  
• 	
  to&potency:	
  ability	
  of	
  a	
  cell	
  to	
  
differen&ate	
  into	
  any	
  other	
  cell	
  type	
  



Hughes  et.  al.  (2008)  Predic*ons

IF	
  Wilson	
  &	
  Hölldobler	
  are	
  INCORRECT	
  that	
  group	
  selec&on	
  >	
  kin	
  
selec&on	
  and	
  high	
  relatedness	
  is	
  not	
  a	
  necessary	
  condi&on	
  for	
  the	
  
evolu&on	
  of	
  eusociality,	
  THEN:	
  
◦ monandry	
  should	
  be	
  ancestral	
  state	
  
◦ polyandry	
  should	
  only	
  evolve	
  amer	
  workers	
  have	
  lost	
  reproduc&ve	
  
to&potency	
  

◦  func&onal	
  polygyny	
  should	
  not	
  be	
  ancestral	
  state	
  



Discussion

Ques&on:	
  The	
  authors	
  hypothesized	
  that	
  polyandry	
  should	
  only	
  evolve	
  
if	
  workers	
  had	
  already	
  lost	
  reproduc&ve	
  to&potency.	
  Why	
  is	
  this?	
  
What	
  is	
  the	
  evolu&onary	
  advantage	
  of	
  developing	
  polyandry	
  as	
  a	
  
derived	
  state?	
  
	
  
Answer:	
  Polyandry	
  reduces	
  relatedness	
  of	
  sisters.	
  If	
  kin	
  selec&on	
  is	
  
important,	
  then	
  workers	
  would	
  be	
  more	
  likely	
  to	
  undermine	
  the	
  queen	
  
and	
  reproduce	
  on	
  their	
  own	
  if	
  their	
  sisters	
  were	
  no	
  longer	
  
hyperrelated.	
  However,	
  ma&ng	
  mul&ply	
  allows	
  queens	
  to	
  introduce	
  
gene&c	
  varia&on	
  into	
  the	
  colony.	
  



Hughes  et.  al.  (2008)  Methods

• 	
  collected	
  data	
  set	
  of	
  female	
  ma&ng	
  frequencies	
  and	
  worker	
  
reproduc&ve	
  to&potency	
  for	
  267	
  species	
  of	
  social	
  Hymenoptera	
  
• 	
  mapped	
  data	
  onto	
  phylogeny	
  
• 	
  carried	
  out	
  ancestral	
  state	
  reconstruc&on	
  for:	
  
• monandry/polyandry	
  
• polygyny	
  

• 	
  used	
  phylogene&c	
  independent	
  contrasts	
  to	
  analyze	
  rela&onship	
  
between	
  to&potency	
  and	
  polyandry	
  



Hughes  et.  al.  (2008)  Conclusions

• 	
  monandry	
  was	
  ancestral	
  state	
  for	
  all	
  eight	
  independent	
  origins	
  of	
  
eusociality	
  
• 	
  worker	
  reproduc&ve	
  to&potency	
  associated	
  with	
  monandry	
  
• obligate	
  or	
  high	
  polyandry	
  are	
  derived	
  and	
  occur	
  only	
  in	
  species	
  whose	
  
workers	
  lack	
  the	
  ability	
  to	
  become	
  primary	
  breeders	
  

• 	
  func&onal	
  polygyny	
  was	
  derived	
  state	
  





Hughes  et.  al.  (2008)  Conclusions

• 	
  monandry	
  was	
  ancestral	
  state	
  for	
  all	
  eight	
  independent	
  origins	
  of	
  
eusociality	
  
• 	
  worker	
  reproduc&ve	
  to&potency	
  associated	
  with	
  monandry	
  
• obligate	
  or	
  high	
  polyandry	
  are	
  derived	
  and	
  occur	
  only	
  in	
  species	
  whose	
  
workers	
  lack	
  the	
  ability	
  to	
  become	
  primary	
  breeders	
  

• 	
  func&onal	
  polygyny	
  was	
  derived	
  state	
  





Hughes  et.  al.  (2008)  Conclusions

• 	
  monandry	
  was	
  ancestral	
  state	
  for	
  all	
  eight	
  independent	
  origins	
  of	
  
eusociality	
  
• 	
  worker	
  reproduc&ve	
  to&potency	
  associated	
  with	
  monandry	
  
• obligate	
  or	
  high	
  polyandry	
  are	
  derived	
  and	
  occur	
  only	
  in	
  species	
  whose	
  
workers	
  lack	
  the	
  ability	
  to	
  become	
  primary	
  breeders	
  

• 	
  func&onal	
  polygyny	
  was	
  derived	
  state	
  

Kin	
  selec4on	
  and	
  high	
  relatedness	
  have	
  played	
  a	
  decisive	
  role	
  in	
  the	
  
evolu4on	
  of	
  eusociality	
  





Danforth  (2001)

• 	
  when	
  reversals	
  from	
  
primi&ve	
  eusociality	
  to	
  
solitary	
  nes&ng	
  do	
  
occur,	
  they	
  
correspond	
  with	
  
decreases	
  in	
  
relatedness	
  



Discussion

Ques&on:	
  Wilson	
  &	
  Holldobler	
  a8empted	
  to	
  provide	
  an	
  alterna&ve	
  
hypothesis	
  for	
  the	
  evolu&on	
  of	
  eusociality,	
  but	
  it	
  was	
  shot	
  down	
  by	
  
Danforth	
  (2001)	
  and	
  Hughes	
  et.	
  al.	
  (2008).	
  
What	
  did	
  Wilson	
  &	
  Holldobler	
  do	
  wrong?	
  
	
  
Answer:	
  “From	
  observing	
  the	
  growth	
  of	
  a	
  hair,	
  can	
  we	
  learn	
  anything	
  
concerning	
  the	
  genera&on	
  of	
  a	
  man?”	
  –	
  David	
  Hume	
  
• 	
  cherry-­‐picked	
  examples	
  
• 	
  ignored	
  evolu&onary	
  history	
  
• 	
  used	
  only	
  qualita&ve	
  analyses	
  



Publishing  and  Reputa*on

E.O.	
  Williams:	
  
• 	
  “father	
  of	
  sociobiology”	
  
• 	
  developed	
  theory	
  of	
  island	
  biogeography	
  
• 	
  Harvard	
  University	
  graduate	
  à	
  professor	
  
• 	
  two-­‐&me	
  winner	
  of	
  Pulitzer	
  Prize	
  for	
  
General	
  Non-­‐Fic&on	
  
• 	
  three-­‐&me	
  New	
  York	
  Times	
  bestseller	
  



Takeaway  Points

• no	
  single	
  trait	
  or	
  model	
  is	
  sufficient	
  to	
  conclusively	
  explain	
  the	
  
evolu&on	
  of	
  eusociality	
  
•  the	
  origins	
  likely	
  involved	
  combina&on	
  of	
  pre-­‐condi&ons,	
  environmental/
ecological	
  factors,	
  and	
  gene&c	
  influences	
  

• phylogenies	
  and	
  evolu&onary	
  history	
  must	
  always	
  be	
  used	
  when	
  
trying	
  to	
  discern	
  cause/effect	
  

• even	
  scien&fic	
  literature	
  should	
  be	
  taken	
  with	
  a	
  grain	
  of	
  salt	
  and	
  
regarded	
  with	
  a	
  certain	
  degree	
  of	
  skep&cism	
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