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File	
  S1	
  
	
  

Demographic	
  details	
  used	
  in	
  simulations	
  for	
  the	
  "long"	
  age	
  structure.	
  
	
  
	
  

File	
  S2	
  
Demographic	
  details	
  used	
  in	
  simulations	
  for	
  the	
  "short"	
  age	
  structure.	
  

	
  
	
  
	
  

Available	
  for	
  download	
  as	
  Excel	
  files	
  at	
  
http://www.genetics.org/lookup/suppl/doi:10.1534/genetics.112.146258/-­‐/DC1.	
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File	
  S3	
  

Supporting	
  Material	
  on	
  Simulation	
  Methods	
  

 

Age-structure 

For	
  the	
  “long”	
  age	
  structure	
  model,	
  a	
  fixed	
  mean	
  number	
  of	
  offspring	
  per	
  individual	
  for	
  each	
  

reproductive	
  age-­‐class	
  was	
  assigned	
  to	
  be	
  0.05556	
  males	
  and	
  0.05556	
  females	
  per	
  mature	
  female.	
  	
  For	
  the	
  

“short”	
  age	
  structure	
  model,	
  the	
  mean	
  number	
  of	
  offspring	
  per	
  individual	
  for	
  each	
  reproductive	
  age-­‐class	
  was	
  

0.68173	
  males	
  and	
  0.68173	
  females	
  per	
  mature	
  female.	
  	
  A	
  key	
  feature	
  of	
  this	
  equilibrium	
  age	
  distribution	
  is	
  that	
  

the	
  number	
  of	
  individuals	
  in	
  each	
  age	
  cohort	
  is	
  greater	
  than	
  or	
  equal	
  to	
  the	
  number	
  of	
  individuals	
  in	
  the	
  next	
  

older	
  age	
  cohort.	
  	
  To	
  achieve	
  a	
  stable	
  population	
  size	
  in	
  the	
  “long”	
  age	
  structure,	
  we	
  set	
  the	
  probability	
  of	
  age-­‐

specific	
  survival	
  across	
  a	
  time-­‐interval	
  for	
  juveniles	
  and	
  adults	
  to	
  be	
  0.946	
  and	
  0.980,	
  respectively;	
  maturity	
  was	
  

reached	
  after	
  20	
  breeding	
  seasons.	
  	
  For	
  the	
  “short”	
  age	
  structure,	
  the	
  probability	
  of	
  age-­‐specific	
  survival	
  across	
  a	
  

time-­‐interval	
  for	
  juveniles	
  and	
  adults	
  was	
  set	
  at	
  0.767	
  and	
  0.5,	
  respectively,	
  and	
  maturity	
  was	
  reached	
  after	
  1	
  

breeding	
  season.	
  	
  The	
  assumption	
  of	
  age-­‐independent	
  adult	
  mortality	
  is	
  realistic	
  for	
  wild	
  populations,	
  where	
  

mortality	
  is	
  largely	
  caused	
  by	
  extrinsic	
  phenomena	
  such	
  as	
  predation	
  (Charlesworth	
  1994).	
  	
  A	
  slight	
  departure	
  

from	
  the	
  theoretical	
  expectations	
  for	
  the	
  numbers	
  of	
  individuals	
  in	
  each	
  age	
  class	
  was	
  required,	
  in	
  order	
  to	
  

ensure	
  whole	
  numbers	
  of	
  individuals	
  of	
  each	
  sex	
  in	
  the	
  simulations.	
  

With	
  a	
  constant	
  population	
  size,	
  the	
  mean	
  age	
  at	
  reproduction	
  for	
  females	
  is	
  equal	
  to	
  Σxk(x)/	
  Σk(x),	
  

where	
  x	
  is	
  age,	
  and	
  k(x)	
  is	
  the	
  probability	
  of	
  survival	
  to	
  age	
  x	
  times	
  the	
  fecundity	
  at	
  age	
  x	
  (formula	
  1.47a;	
  

Charlesworth	
  1994).	
  	
  In	
  the	
  “long”	
  age	
  structure	
  simulations,	
  fecundity	
  is	
  0.05556	
  in	
  adult	
  age	
  cohorts	
  and	
  zero	
  

in	
  juvenile	
  age	
  cohorts.	
  	
  In	
  the	
  “short”	
  age	
  structure	
  simulations,	
  fecundity	
  is	
  0.68173	
  in	
  adult	
  age	
  cohorts	
  and	
  

zero	
  in	
  juvenile	
  age	
  cohort.	
  	
  This	
  provides	
  an	
  approximate	
  generation	
  time	
  of	
  72.466	
  time	
  units	
  and	
  2.757	
  time	
  

units,	
  respectively,	
  for	
  the	
  “long”	
  and	
  “short”	
  age	
  structure	
  simulations	
  (Table	
  S1).	
  	
  These	
  generation	
  times	
  were	
  

used	
  in	
  the	
  calculations	
  for	
  the	
  theoretical	
  expectations	
  presented	
  in	
  Tables	
  1	
  and	
  2.	
  	
  	
  

Life	
  expectancy,	
  which	
  is	
  the	
  sum	
  of	
  the	
  survival	
  probabilities	
  to	
  each	
  age	
  class	
  over	
  all	
  age	
  classes	
  

(Charlesworth	
  1994)	
  was	
  lower	
  than	
  the	
  generation	
  time,	
  and	
  equal	
  to	
  30.483	
  breeding	
  seasons	
  and	
  2.467	
  

breeding	
  seasons,	
  respectively,	
  for	
  the	
  “long”	
  and	
  “short”	
  age	
  structure	
  simulations	
  (Files	
  S1	
  and	
  S2).	
  	
  This	
  

shows	
  that	
  most	
  individuals	
  died	
  without	
  ever	
  having	
  reproduced	
  in	
  the	
  “long”	
  age	
  structure,	
  whereas	
  most	
  

individuals	
  did	
  reproduce	
  in	
  the	
  “short”	
  age	
  structure.	
  

	
  

Mating systems 

Following Nunney (1993), we treated harems as a special case of marriage, in which a group of females (as 

opposed to only one female) mate with one male each breeding season. Mate	
  pairs	
  produce	
  a	
  Poisson	
  number	
  of	
  

offspring	
  of	
  each	
  sex,	
  and	
  offspring	
  from	
  each	
  pair	
  in	
  a	
  given	
  breeding	
  season	
  are	
  therefore	
  full	
  siblings.	
  	
  An	
  

excess	
  of	
  offspring	
  is	
  produced,	
  and	
  a	
  randomly	
  selected	
  subset	
  of	
  these	
  offspring,	
  specified	
  by	
  the	
  equilibrium	
  

age	
  structure	
  (see	
  above),	
  survive	
  to	
  become	
  newborn	
  individuals	
  in	
  the	
  next	
  breeding	
  season.	
  	
  For	
  the	
  

“monogamy”	
  and	
  “harem”	
  models,	
  before	
  reproduction	
  in	
  each	
  breeding	
  season	
  individuals	
  from	
  the	
  youngest	
  

adult	
  cohort	
  (the	
  “monogamy”	
  models),	
  or	
  the	
  youngest	
  adult	
  cohort	
  plus	
  all	
  non-­‐harem	
  adult	
  males	
  (the	
  

“harem”	
  models),	
  are	
  randomly	
  assigned	
  to	
  any	
  couples	
  or	
  harems	
  that	
  experienced	
  death	
  of	
  a	
  member	
  at	
  the	
  

end	
  of	
  the	
  previous	
  breeding	
  season.	
  	
  Thus	
  the	
  death	
  of	
  a	
  partner	
  in	
  a	
  couple	
  or	
  harem	
  does	
  not	
  limit	
  the	
  

reproductive	
  success	
  of	
  the	
  survivor(s).	
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Inheritance	
  in	
  these	
  simulations	
  was	
  Mendelian:	
  each	
  offspring	
  received	
  a	
  randomly	
  selected	
  

autosomal	
  allele	
  from	
  each	
  parent	
  for	
  each	
  locus,	
  a	
  randomly	
  selected	
  X	
  chromosome	
  allele	
  from	
  their	
  mother,	
  

and	
  an	
  X	
  or	
  Y	
  allele	
  from	
  their	
  father	
  depending	
  on	
  whether	
  the	
  offspring	
  was	
  a	
  daughter	
  or	
  son	
  respectively.	
  	
  

Mitochondrial	
  DNA	
  was	
  inherited	
  maternally.	
  	
  	
  	
  

	
  

Estimating Ne from simulations of genetic systems 

The	
  time	
  taken	
  to	
  reach	
  statistical	
  equilibrium	
  variation	
  depends	
  on	
  Ne	
  and	
  µ.	
  	
  We	
  performed	
  

preliminary	
  simulations	
  to	
  explore	
  what	
  combination	
  of	
  population	
  size	
  and	
  mutation	
  rate	
  allowed	
  the	
  

population	
  to	
  reach	
  equilibrium	
  within	
  a	
  reasonable	
  amount	
  of	
  time,	
  while	
  also	
  minimizing	
  variation	
  in	
  θ	
  due	
  to	
  

small	
  population	
  size.	
  	
  	
  For	
  the	
  “long”	
  age	
  structure,	
  we	
  used	
  a	
  census	
  size	
  (Nc)	
  of	
  1044	
  adults	
  and	
  724	
  juveniles,	
  

and	
  a	
  mutation	
  rate	
  of	
  1.0776	
  x	
  10-­‐5	
  mutations	
  per	
  gamete	
  per	
  time	
  interval	
  for	
  the	
  “long”	
  age	
  structure.	
  	
  For	
  the	
  

“short”	
  age	
  structure,	
  we	
  used	
  a	
  census	
  size	
  (Nc)	
  that	
  was	
  almost	
  identical	
  to	
  the	
  “long”	
  age	
  structure	
  (1062	
  

adults	
  and	
  724	
  juveniles),	
  and	
  the	
  mutation	
  rate	
  was	
  set	
  at	
  5.7551	
  x	
  10-­‐6	
  mutations	
  per	
  gamete	
  per	
  time	
  interval.	
  	
  

Simulations	
  were	
  performed	
  for	
  intervals	
  of	
  400,000	
  generations	
  for	
  the	
  “long”	
  age	
  structure	
  and	
  200,000	
  

generations	
  for	
  the	
  “short”	
  age	
  structure,	
  and	
  with	
  4,000	
  independent	
  loci	
  of	
  each	
  type	
  (aDNA,	
  xDNA,	
  mtDNA,	
  

yDNA)	
  for	
  each	
  social	
  system.	
  	
  Plots	
  of	
  θ	
  and	
  the	
  ratio	
  of	
  Ne-­‐x	
  /	
  Ne-­‐a,	
  Ne-­‐mt	
  /	
  Ne-­‐a,	
  and	
  Ne-­‐y	
  /	
  Ne-­‐a	
  over	
  time	
  (Figure	
  

S1)	
  indicate	
  that	
  these	
  conditions	
  were	
  sufficient	
  for	
  the	
  populations	
  to	
  achieve	
  mutation-­‐drift	
  equilibrium.	
  	
  

These	
  simulations	
  are	
  biologically	
  unrealistic	
  in	
  the	
  sense	
  that	
  a	
  typical	
  genome	
  has	
  effectively	
  only	
  one	
  mtDNA	
  

and	
  one	
  yDNA	
  locus	
  but	
  many	
  aDNA	
  and	
  xDNA	
  loci.	
  	
  However,	
  independence	
  allows	
  us	
  to	
  obtain	
  estimates	
  of	
  

mean	
  θ	
  values	
  with	
  similar	
  and	
  maximal	
  accuracy	
  for	
  each	
  genetic	
  system.	
  	
  	
  

We	
  inferred	
  the	
  population	
  genetic	
  parameter	
  θ	
  =	
  4Neµ	
  from	
  the	
  mean	
  level	
  of	
  heterozygosity	
  at	
  

mutation	
  –	
  drift	
  equilibrium.	
  	
  In these simulations, the mean Heq was always  < 0.03, so we do not expect the non-

linear relationship between Heq and θ to substantially affect the relative values of our estimates of Ne-a, Ne-x, Ne-mt, and 

Ne-y.	
  

	
  

Theoretical	
  expectations	
  

For	
  the	
  “long”	
  age	
  structure,	
  x	
  is	
  equal	
  to	
  58/522	
  because	
  522	
  adult	
  males	
  collectively	
  sire	
  58	
  offspring	
  

in	
  a	
  given	
  breeding	
  season	
  and	
  p	
  is	
  equal	
  to	
  (1/522).	
  	
  For	
  the	
  “short”	
  age	
  structure,	
  x	
  =	
  724/531	
  because	
  531	
  

males	
  collectively	
  sire	
  724	
  offspring	
  each	
  breeding	
  season	
  and	
  p	
  =	
  (1/531).	
  	
  With	
  the	
  “long”	
  age	
  structure,	
  we	
  

have	
  p1	
  =	
  58/522	
  for	
  simulations	
  with	
  a	
  harem	
  size	
  of	
  9,	
  because	
  there	
  are	
  58	
  harems	
  and	
  522	
  adult	
  males.	
  With	
  

a	
  harem	
  size	
  of	
  9,	
  58	
  harems,	
  and	
  58	
  offspring	
  produced	
  by	
  522	
  females,	
  x1	
  =	
  1.	
  When	
  the	
  harem	
  size	
  is	
  9	
  females	
  

per	
  harem,	
  ΔVm	
  for	
  the	
  “no	
  storage”	
  model	
  and	
  the	
  “seasonal	
  harem”	
  model	
  are	
  relatively	
  simular	
  (i.e.,	
  8.98	
  and	
  

8.00,	
  respectively).	
  	
  For	
  the	
  “short”	
  age	
  structure,	
  p1	
  =	
  59/531	
  and	
  ΔVm	
  for	
  the	
  “no	
  storage”	
  model	
  and	
  the	
  

“seasonal	
  harem”	
  model	
  are	
  quite	
  different	
  (0.73	
  and	
  8.00,	
  respectively).	
  	
  These	
  calculations	
  (Files	
  S1	
  and	
  S2)	
  

produce	
  values	
  that	
  agree	
  with	
  those	
  generated	
  by	
  formulae	
  in	
  Table	
  1	
  of	
  Nunney	
  (1993)	
  for	
  monogamous	
  and	
  

harem	
  social	
  system.	
  	
  However,	
  the	
  formula	
  for	
  lottery	
  polygyny	
  in	
  Table	
  1	
  of	
  Nunney	
  (1993)	
  produces	
  an	
  

estimate	
  of	
  Ne	
  that	
  corresponds	
  to	
  the	
  case	
  where	
  ΔVm	
  =	
  1.	
  	
  This	
  discrepancy	
  arises	
  because his formula assumes a 

mean of two offspring per female, because generations are discrete, whereas in our case the mean number of offspring 

per capita for a single breeding season is not necessarily equal to two.	
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Testing	
  the	
  fit	
  of	
  jackknifed	
  Ne_x/Ne_a	
  to	
  theoretical	
  expectations.	
  

We	
  used	
  a	
  permutation	
  test	
  to	
  test	
  whether	
  the	
  fit	
  of	
  the	
  jackknifed	
  Ne_x	
  /Ne_a	
  ratios	
  from	
  the	
  “harem	
  for	
  

life”	
  model	
  to	
  theoretical	
  expectations	
  with	
  independent	
  mate	
  pairing	
  was	
  significantly	
  worse	
  than	
  the	
  fit	
  of	
  the	
  

jackknifed	
  Ne_x	
  /Ne_a	
  ratios	
  from	
  the	
  “seasonal	
  harem”	
  model,	
  based	
  on	
  simulations	
  with	
  harem	
  sizes	
  of	
  2,	
  3,	
  9,	
  

and	
  18	
  females	
  per	
  harem	
  and	
  the	
  “long”	
  age	
  structure.	
  	
  The	
  null	
  hypothesis	
  is	
  that	
  the	
  jackknifed	
  ratios	
  were	
  

generated	
  from	
  the	
  same	
  distribution.	
  	
  We	
  used	
  as	
  a	
  test	
  statistic	
  the	
  observed	
  difference	
  between	
  the	
  sum	
  of	
  

the	
  squared	
  residuals	
  from	
  jackknifed	
  Ne_x	
  /Ne_a	
  ratios	
  from	
  each	
  model.	
  	
  This	
  statistic	
  was	
  compared	
  to	
  a	
  

distribution	
  of	
  statistics	
  generated	
  by	
  combining	
  the	
  data	
  and	
  recalculating	
  differences	
  from	
  random	
  halves	
  of	
  

the	
  data	
  10,000	
  times.	
  	
  The	
  P	
  value	
  of	
  this	
  test	
  is	
  equal	
  to	
  (10,000-­‐	
  the	
  rank	
  of	
  the	
  test	
  statistic	
  relative	
  to	
  this	
  

distribution)	
  /	
  10,000.	
  

	
  

Normality	
  of	
  θ  with	
  large	
  sample	
  size	
  

Consider	
  the	
  ratio	
  H/(1	
  –	
  H),	
  where	
  H	
  is	
  the	
  mean	
  heterozygosity	
  over	
  all	
  sites.	
  

	
  

The	
  expectation	
  and	
  variance	
  of	
  the	
  population	
  value	
  of	
  H	
  are	
  µ = θ/(1 + θ)	
  and	
  σ2,	
  respectively;	
  with	
  a	
  

mean	
  over	
  a	
  large	
  number	
  of	
  sites,	
  m,	
  and	
  with	
  small	
  µ,	
  σ2	
  is	
  approximately	
  θ/3m,	
  the	
  infinite	
  sites	
  value.	
  

	
  

From	
  the	
  central	
  limit	
  theorem,	
  when	
  m	
  is	
  large	
  (as	
  here),	
  H	
  will	
  be	
  normally	
  distributed.	
  The	
  question	
  

is	
  whether	
  H/(1	
  –	
  H)	
  is	
  approximately	
  normal	
  as	
  well.	
  

	
  

We	
  have	
  	
  

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  d[H/(1	
  –	
  H)]/dH	
  =	
  1/(1	
  –	
  H)2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (1)	
  

	
  

so	
  that	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  di[H/(1–H)]/dHi	
  =	
  	
  	
  	
  i!/(1	
  –	
  H)i+1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (2)	
  	
  	
  	
  	
  

	
  

	
  

It	
  follows	
  that	
  the	
  Taylor’	
  series	
  expansion	
  of	
  the	
  deviation	
  of	
  θ from	
  its	
  expectation,	
  δθ,	
  is	
  given	
  by:	
  

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  
	
  

Since	
  δH	
  << 1, the	
  variance	
  of	
  H/(1	
  –	
  H)	
  is	
  well	
  approximated	
  by:	
  	
  

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  V	
  =	
  σ2/(1	
  –	
  µ)4	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (4)	
  	
  

	
  

Now	
  consider	
  the	
  3rd	
  moment	
  of	
  δH.	
  	
  	
  

	
  

From	
  Eqn.	
  (3),	
  	
  we	
  have:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  E{(δθ)3}	
  =	
  E{(δH)3/(1–µ)6[1	
  –	
  δH/(1–µ)]3} 

 δθ = ∑
i  = 1

∞

 
(1 – µ)i   + 1

(δH)i  +1
    = 

(1 – µ)  [1 –  (1 – µ) δH/     ]
δH               (3)2
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Since	
  δH	
  << 1, 	
  this	
  can	
  be	
  approximated	
  by:	
  	
  

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  E{(δH)3/(1–µ)6[1	
  –	
  3δH/(1–µ)]}	
  	
  

	
  

which	
  is	
  turn	
  is	
  approximately:	
  

	
  

E{(	
  δH)3[1	
  +	
  3(δH)/(1–µ)]/(1–µ)6}	
  

	
  

Given	
  that	
  H	
  is	
  normally	
  distributed,	
  so	
  that	
  its	
  odd	
  moments	
  about	
  its	
  mean	
  are	
  zero,	
  this	
  gives:	
  	
  

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  M3θ 	
  =	
  3M4H	
  /(1–µ)7	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (5)	
  

	
  

where	
  M3θ	
  is	
  the	
  3rd	
  moment	
  of	
  θ	
  about	
  its	
  mean,	
  and	
  M4H	
  is	
  the	
  4th	
  moment	
  of	
  H	
  about	
  its	
  mean,	
  which	
  is	
  equal	
  

to	
  3σ4.	
  The	
  skewness	
  of	
  θ, S θ,	
  is	
  measured	
  by	
  the	
  ratio	
  of	
  M3θ to	
  Vθ
3/2	
  =	
  σ3	
  /(1	
  –	
  µ)6:	
  

	
  

	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  S θ	
  =	
  	
  9σ	
  /(1	
  –	
  µ)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (6)	
  

   	
  

Given	
  that	
  σ 	
  is	
  of	
  order	
  1/√m,	
  the	
  skewness	
  is	
  <<	
  1	
  for	
  large	
  m,	
  as	
  in	
  this	
  case.	
  

	
  

	
  Similarly,	
  	
  

	
  E{(δθ)4}	
  =	
  E{(δH)4/(1–µ)8[1	
  –	
  δH/(1–µ)]4}	
  

	
  

which	
  can	
  be	
  approximated	
  by:	
  

	
  

E{(δθ)4}	
  =	
  E{(δH)4/[1	
  +	
  	
  6(δH)2/(1–µ)2](1–µ)8}	
  

	
  

i.e.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
   	
   M4θ 	
  =	
  [M4H	
  /(1	
  –	
  µ)8	
  ]+	
  [6M6H	
  /(1–µ)9	
  ]	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  

	
  	
  	
  	
  	
  	
  	
  =	
  	
  [3σ4/(1–µ)8]	
  +	
  [90σ6/(1–µ)9]	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (7)	
  

	
  

The	
  kurtosis	
  of	
  θ	
  is	
  measured	
  by	
  K θ	
  =	
  M4θ /Vθ
2	
  –	
  3,	
  so	
  that:	
  

	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

K θ	
  =	
  [90σ2 /(1	
  –	
  µ)]	
  –	
  3	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (8)	
  
	
  
	
  
Again,	
  since	
  σ	
  is	
  O(1/m),	
  this	
  approaches	
  zero	
  for	
  large	
  m.	
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Figure	
  S1	
  	
  	
  Plots	
  of	
  θ	
  (Theta)	
  versus	
  breeding	
  season	
  and	
  the	
  relative	
  θ	
  (Ratio)	
  versus	
  breeding	
  season.	
  	
  In	
  plots	
  
of	
  θ	
  versus	
  breeding	
  season,	
  mean	
  values	
  of	
  θaDNA,	
  θxDNA,	
  θmtDNA,	
  and	
  θyDNA	
  across	
  replicates	
  are	
  indicated	
  in	
  black,	
  
red,	
  blue,	
  and	
  green	
  respectively.	
  	
  In	
  plots	
  of	
  the	
  relative	
  θ	
  versus	
  breeding	
  season, estimates	
  of	
  θxDNA	
  /	
  θaDNA,	
  
θmtDNA	
  /	
  θaDNA,	
  and	
  θyDNA	
  /	
  θaDNA	
  are	
  indicated	
  in	
  black,	
  blue,	
  and	
  green	
  respectively,	
  and	
  horizontal	
  lines	
  indicate	
  
a	
  relative	
  θ value	
  of	
  0.75	
  or	
  0.25.	
  In	
  three	
  plots	
  of	
  θ	
  versus	
  breeding	
  season,	
  black	
  arrowheads	
  indicate	
  atypically	
  
high	
  θyDNA	
  values	
  that	
  were	
  sampled	
  at	
  400,000	
  generations	
  (“long”	
  age	
  structure,	
  “no	
  storage”	
  model)	
  or	
  at	
  
200,000	
  generations	
  (“short”	
  age	
  structure,	
  “seasonal	
  monogamy”	
  and	
  “no	
  storage”	
  models)	
  that	
  led	
  to	
  a	
  
significantly	
  higher	
  Ne-­‐y	
  estimate	
  compared	
  to	
  theoretical	
  expectations.	
  	
  In	
  the	
  “harem	
  for	
  life”	
  simulations	
  for	
  
the	
  “short”	
  age	
  structure,	
  red	
  arrowheads	
  indicate	
  atypical	
  values	
  for	
  θaDNA,	
  θxDNA,	
  and	
  θxDNA	
  /	
  θaDNA.	
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“Long”	
  Age	
  structure;	
  simulated	
  θ	
  and	
  θ Ratios	
  versus	
  generation	
  plots	
  
	
  
“Seasonal	
  monogamy”	
  Model	
  (4000	
  loci,	
  400,000	
  breeding	
  seasons)	
  

	
  
“Monogamy	
  for	
  life”	
  Model	
  (4000	
  loci,	
  400,000	
  breeding	
  seasons)	
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“Seasonal	
  Harem”	
  Model	
  (4000	
  loci,	
  400,000	
  breeding	
  seasons)	
  

	
  
“Harem	
  for	
  life”	
  Model	
  (4000	
  loci,	
  400,000	
  breeding	
  seasons)	
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“No	
  storage”	
  Model	
  (4000	
  loci,	
  400,000	
  breeding	
  seasons)	
  

	
  
“Half	
  Storage”	
  Model	
  (4000	
  loci,	
  400,000	
  breeding	
  seasons)	
  
	
  

	
  
“All	
  Storage”	
  Model	
  (4000	
  loci,	
  400,000	
  breeding	
  seasons)	
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“Short”	
  Age	
  structure;	
  simulated	
  θ	
  and	
  θ Ratios	
  versus	
  generation	
  plots	
  
	
  
“Seasonal	
  monogamy”	
  Model	
  (4000	
  loci,	
  200,000	
  breeding	
  seasons)	
  

	
  
“Monogamy	
  for	
  life”	
  Model	
  (4000	
  loci,	
  200,000	
  breeding	
  seasons)	
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“Seasonal	
  Harem”	
  Model	
  (4000	
  loci,	
  200,000	
  breeding	
  seasons)	
  

	
  
	
   	
  
“Harem	
  for	
  life”	
  Model	
  (4000	
  loci,	
  200,000	
  breeding	
  seasons)	
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“No	
  storage”	
  Model	
  (4000	
  loci,	
  200,000	
  breeding	
  seasons)	
  

	
  
“Half	
  Storage”	
  Model	
  (4000	
  loci,	
  200,000	
  breeding	
  seasons)	
  

	
  
“All	
  Storage”	
  Model	
  (4000	
  loci,	
  200,000	
  breeding	
  seasons)	
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2"females"per"harem Ne#mt Ne#x Ne#a Ne#y Ne#mt)/)Ne#a Ne#x)/)Ne#a Ne#y)/)Ne#a

Theoretical"expectation 182.0 544.2 724.4 180.2 0.251 0.751 0.249
"Seasonal"harem" 195.9"""""""""""""""""

(156.9"–"235.0)
563.6"""""""""""""""""

(498.0"–"629.6)
684.5"""""""""""""""""

(612.0"–"757.4)
209.9"""""""""""""""""

(170.6"–"249.3)
0.286"""""""""""""""""

(0.226"–"0.353)
0.823"""""""""""""""""

(0.698"–"0.967)
0.307"""""""""""""""""

(0.240"–"0.376)
"Harem"for"life" 194.2"""""""""""""""""

(143.6"–"244.8)
480.9"""""""""""""""""

405.9"–"555.8)1,3
560.1"""""""""""""""""""

(482.9"–"637.4)1,3
119.0"""""""""""""""""

(80.5"–"157.5)1,3
0.346"""""""""""""""""

(0.269"–"0.447)
0.858"""""""""""""""""

(0.691"–"0.975)
0.212"""""""""""""""""

(0.148"–"0.242)

3"females"per"harem
Theoretical"expectation 182.0 542.5 721.0 178.5 0.252 0.752 0.248
"Seasonal"harem" 202.2"""""""""""""""""

(162.7"–"241.7)
540.6"""""""""""""""""

(476.2"–"605.2)
713.4"""""""""""""""""

(639.8"–"787.5)
149.3"""""""""""""""""

(115.8"–"182.9)
0.283"""""""""""""""""

(0.226"–"0.349)
0.769"""""""""""""""""

(0.635"–"0.882)
0.212"""""""""""""""""

(0.165"–"0.264)
"Harem"for"life" 193,4"""""""""""""""""

(142.9"–"243,9)
382.6"""""""""""""""""

(313.7"–"451.5)1,3
416.6"""""""""""""""""

(347.5"–"485.8)1,3
94.7""""""""""""""""""""

(59.4"–"130.0)1,3
0.464"""""""""""""""""

(0.341"–"0.586)2
0.918""""""""""""""""

(0.785"–"1.278)
0.227"""""""""""""""""

(0.153"–"0.274)

18"females"per"harem
Theoretical"expectation 182.0 517.7 672.9 156.4 0.270 0.769 0.232
"Seasonal"harem" 198.2"""""""""""""""""

(160.1"–"236.5)
522.6"""""""""""""""""

(459.0"–"586.6)
675.0"""""""""""""""""

(603.5"–"746.9)
160.6"""""""""""""""""

(125.9"–"195.5)
0.294"""""""""""""""""

(0.231"–"0.369)
0.774"""""""""""""""""

(0.648"–"0.923)
0.238"""""""""""""""""

(0.185"–"0.297)
"Harem"for"life" 177.6"""""""""""""""""

(141.5"–"213.9)
105.1"""""""""""""""""

(78.1"–"132.3)1,3
94.6"""""""""""""""""

(68.4"–"120.9)1,3
21.8""""""""""""""""""""

(8.1"–"35.5)1,3
1.872"""""""""""""""""

(1.343"–"2.679)2
1.111""""""""""""""""

(0.618"–"1.359)
0.230"""""""""""""""""

(0.084"–"0.386)

!Table!S1!!!Results!from!simulations!with!harem!sizes!of!2,!3!or!18!females!with!the!"long"!age!structure.

Abbreviations"and"superscripts"follow"Table"1
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