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Histogram	
  of	
  the	
  survival	
  parameter	
  from	
  the	
  posterior	
  
distribu<ons	
  of	
  1000	
  MCMC	
  samples.	
  The	
  posterior	
  mean	
  
was	
  0.78.	
  The	
  red	
  line	
  is	
  the	
  prior	
  distribu<on	
  of	
  
frequencies.	
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Histogram	
  of	
  the	
  recruitment	
  parameter	
  from	
  the	
  
posterior	
  distribu<ons	
  of	
  1000	
  MCMC	
  samples.	
  The	
  
posterior	
  mean	
  was	
  0.28.	
  The	
  red	
  line	
  is	
  the	
  prior	
  
distribu<on	
  of	
  frequencies.	
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The	
  effect	
  of	
  day-­‐of-­‐year	
  on	
  pup	
  counts	
  using	
  1000	
  
samples	
  from	
  the	
  posterior	
  distribu<on.	
  The	
  red	
  line	
  is	
  
the	
  average	
  value	
  at	
  each	
  date.	
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Posterior Distribution of 10 Year Trends

Trend
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Histogram	
  of	
  recent	
  10-­‐year	
  trends	
  using	
  1000	
  samples	
  
from	
  the	
  posterior	
  distribu<on.	
  The	
  posterior	
  probability	
  of	
  
a	
  nega<ve	
  trend	
  was	
  0.41,	
  indica<ng	
  slightly	
  more	
  evidence	
  
for	
  an	
  increase	
  than	
  a	
  decrease.	
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FiQed	
  abundance	
  es<mates	
  from	
  1000	
  MCMC	
  samples	
  
(gray	
  lines).	
  The	
  dashed	
  lines	
  show	
  2.5%	
  and	
  97.5%	
  credible	
  
intervals	
  and	
  the	
  red	
  line	
  shows	
  the	
  average	
  abundance.	
  
The	
  blue	
  points	
  are	
  the	
  data	
  (counts).	
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Peak	
  15	
  Aug	
  

The	
  effect	
  of	
  day-­‐of-­‐year	
  on	
  non-­‐pup	
  counts	
  using	
  1000	
  
samples	
  from	
  the	
  posterior	
  distribu<on.	
  The	
  red	
  line	
  is	
  the	
  
average	
  value	
  at	
  each	
  date.	
  

Results 

Simulated	
  abundance	
  values	
  from	
  the	
  posterior	
  
distribu<on,	
  with	
  10,000	
  trajectories	
  for	
  100	
  years	
  
beyond	
  2013.	
  Colored	
  lines	
  show	
  how	
  various	
  low	
  
popula<on	
  thresholds	
  could	
  be	
  used	
  in	
  a	
  
popula<on	
  viability	
  analysis.	
  

•  We	
  es<mate	
  that	
  the	
  abundance	
  of	
  seals	
  in	
  
Iliamna	
  Lake	
  has	
  fluctuated	
  between	
  300	
  and	
  
400,	
  with	
  slight	
  evidence	
  of	
  an	
  increase	
  over	
  the	
  
past	
  10	
  years.	
  

•  The	
  best	
  dates	
  for	
  coun<ng	
  pups	
  and	
  non-­‐pups	
  
are	
  20	
  July	
  and	
  15	
  August,	
  respec<vely.	
  	
  

•  There	
  was	
  very	
  liQle	
  informa<on	
  in	
  the	
  survey	
  
data	
  for	
  es<ma<ng	
  the	
  demographic	
  parameters,	
  
but	
  the	
  flat	
  priors	
  for	
  recruitment	
  and	
  survival	
  
were	
  modified	
  slightly	
  toward	
  sensible	
  values	
  by	
  
the	
  influence	
  of	
  the	
  data.	
  

•  Projec<ng	
  the	
  model	
  forward	
  for	
  100	
  years	
  gives	
  
a	
  sense	
  of	
  the	
  u<lity	
  that	
  such	
  a	
  model	
  may	
  have	
  
for	
  tes<ng	
  the	
  effects	
  of	
  various	
  scenarios	
  for	
  
future	
  risks	
  such	
  as	
  climate	
  change	
  or	
  minerals	
  
development	
  in	
  the	
  Iliamna	
  Lake	
  drainage. 

Conclusions 

Abstract	
  
Harbor	
  seals	
  living	
  in	
  the	
  freshwater	
  of	
  Iliamna	
  Lake,	
  Alaska,	
  have	
  
recently	
  become	
  the	
  focus	
  of	
  concern	
  about	
  impacts	
  from	
  
minerals	
  development	
  in	
  the	
  Iliamna	
  watershed	
  and	
  from	
  
climate-­‐related	
  changes	
  in	
  Bristol	
  Bay	
  salmonids	
  that	
  	
  are	
  
important	
  prey	
  for	
  the	
  seals.	
  	
  To	
  determine	
  the	
  recent	
  	
  
abundance	
  and	
  trends	
  of	
  the	
  seals	
  in	
  the	
  lake,	
  and	
  to	
  help	
  assess	
  
their	
  future	
  prospects,	
  we	
  constructed	
  a	
  popula<on	
  viability	
  
analysis	
  model	
  (PVA).	
  The	
  PVA	
  uses	
  a	
  simple	
  demographic	
  model	
  
to	
  combine	
  survey	
  counts	
  of	
  pups	
  and	
  non-­‐pups	
  with	
  vital	
  rates	
  
and	
  subsistence	
  harvest	
  levels,	
  yielding	
  posterior	
  probability	
  
distribu<ons	
  for	
  current	
  abundance	
  and	
  recent	
  trends.	
  The	
  
Bayesian	
  hierarchical	
  framework	
  of	
  the	
  model	
  ensures	
  that	
  the	
  
uncertainty	
  stemming	
  from	
  the	
  rela<vely	
  sparse	
  data	
  set	
  is	
  
reflected	
  in	
  the	
  results.	
  By	
  comparing	
  posterior	
  and	
  prior	
  
distribu<ons,	
  the	
  model	
  results	
  can	
  easily	
  be	
  scru<nized	
  to	
  
iden<fy	
  which	
  parameter	
  es<mates	
  are	
  supported	
  by	
  the	
  data	
  
and	
  which	
  are	
  largely	
  dependent	
  on	
  prior	
  informa<on	
  (e.g.,	
  vital	
  
rates).	
  The	
  model	
  also	
  allows	
  forward	
  projec<on	
  of	
  the	
  
popula<on	
  under	
  various	
  threats	
  scenarios	
  to	
  evaluate	
  
condi<onal	
  ex<nc<on	
  risks.	
  A	
  key	
  result	
  of	
  the	
  model	
  is	
  that	
  the	
  
popula<on	
  has	
  likely	
  been	
  increasing	
  during	
  the	
  past	
  10	
  years.	
  

Background	
  
•  The	
  seals	
  have	
  been	
  surveyed	
  sporadically	
  by	
  several	
  
organiza<ons	
  since	
  the	
  1980s.	
  	
  

•  The	
  counts	
  of	
  seals	
  hauled	
  out	
  on	
  the	
  shore,	
  islets,	
  bars,	
  and	
  
ice	
  (in	
  winter)	
  tend	
  to	
  be	
  highly	
  variable,	
  as	
  is	
  common	
  for	
  
harbor	
  seals.	
  	
  

•  To	
  extract	
  as	
  much	
  informa<on	
  as	
  possible	
  for	
  es<ma<ng	
  
abundance	
  and	
  trends	
  from	
  the	
  sparse	
  and	
  variable	
  counts,	
  
we	
  developed	
  a	
  model	
  that	
  relates	
  counts	
  in	
  one	
  year	
  to	
  the	
  
previous	
  years’	
  counts	
  via	
  simple	
  popula<on	
  dynamics,	
  
including	
  harvest	
  removals	
  by	
  Alaska	
  Na<ve	
  hunters.	
  

•  By	
  including	
  model	
  parameters	
  for	
  day	
  of	
  the	
  year,	
  and	
  <me	
  
of	
  day,	
  we	
  were	
  able	
  to	
  derive	
  es<mates	
  for	
  abundance,	
  
trend,	
  <ming	
  of	
  peak	
  numbers	
  of	
  seals	
  ashore,	
  recruitment,	
  
and	
  survival.	
  

•  The	
  model	
  also	
  serves	
  as	
  a	
  framework	
  for	
  evalua<ng	
  the	
  
viability	
  of	
  this	
  small	
  popula<on	
  under	
  various	
  future	
  
scenarios,	
  but	
  this	
  use	
  has	
  not	
  yet	
  been	
  extensively	
  
explored. 
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Key	
  to	
  Model	
  Rela<onships	
  	
  

Key	
  to	
  Model	
  Variables	
  	
  
Observables	
  (data):	
  

Xt,i 	
  ith	
  pup	
  count	
  in	
  year	
  t	
  
Yt,i 	
  ith	
  non-­‐pup	
  count	
  in	
  year	
  t	
  
St,i 	
  ith	
  count	
  in	
  year	
  t	
  year	
  (when	
  pups	
  not	
  counted	
  separately)	
  
dt,i 	
  day	
  of	
  year	
  for	
  the	
  ith	
  count	
  in	
  year	
  t	
  
ht,i 	
  hour	
  of	
  day	
  for	
  the	
  ith	
  count	
  in	
  year	
  t	
  
Vt-­‐1 	
  harvest	
  in	
  year	
  t-­‐1	
  

Latent	
  variables,	
  defined	
  algebraically:	
  
γt 	
  underlying	
  popula<on	
  (mean	
  expected	
  count)	
  of	
  pups	
  in	
  year	
  t	
  
θt 	
  underlying	
  popula<on	
  (mean	
  expected	
  count)	
  of	
  non-­‐pups	
  in	
  year	
  t	
  
λt,i 	
  covariate-­‐adjusted,	
  expected	
  pup	
  numbers	
  in	
  the	
  ith	
  count	
  in	
  year	
  t	
  
µt,i 	
  covariate-­‐adjusted,	
  expected	
  non-­‐pup	
  numbers	
  in	
  the	
  ith	
  count	
  in	
  year	
  t	
  

The Model 
We	
  constructed	
  a	
  Bayesian	
  hierarchical	
  model	
  
for	
  survey	
  count	
  data,	
  including:	
  
•  A	
  simple	
  underlying	
  popula<on	
  of	
  pups	
  and	
  non-­‐pups.	
  
Each	
  year	
  a	
  por<on	
  of	
  the	
  non-­‐pups	
  survive	
  to	
  the	
  
following	
  year	
  (termed	
  survival);	
  some	
  por<on	
  of	
  the	
  the	
  
non-­‐pups	
  produces	
  pups	
  that	
  survive	
  and	
  enter	
  the	
  non-­‐
pup	
  popula<on	
  the	
  following	
  year	
  (termed	
  recruitment).	
  A	
  
density-­‐dependent	
  subsistence	
  harvest	
  is	
  taken	
  from	
  the	
  
non-­‐pups;	
  

•  A	
  process	
  model	
  for	
  the	
  number	
  of	
  seals	
  on	
  shore	
  and	
  
available	
  for	
  coun<ng,	
  which	
  depends	
  on	
  day	
  of	
  the	
  year	
  
and	
  hour	
  of	
  the	
  day;	
  

•  A	
  data	
  model	
  for	
  the	
  random	
  varia<on	
  in	
  coun<ng	
  seals	
  
from	
  aerial	
  surveys;	
  and	
  

•  A	
  correc<on	
  factor	
  for	
  seals	
  missed	
  during	
  surveys	
  
because	
  they	
  were	
  in	
  the	
  water	
  or	
  away	
  from	
  known	
  haul-­‐
out	
  sites;	
  a	
  distribu<on	
  for	
  this	
  factor	
  was	
  constructed	
  by	
  
expert	
  judgment	
  and	
  not	
  updated	
  by	
  the	
  model.	
  

•  The	
  model	
  was	
  fiQed	
  using	
  standard	
  Markov	
  Chain	
  Monte	
  
Carlo	
  (MCMC)	
  methods.	
  

Latent	
  variables,	
  with	
  prior	
  distribu@ons:	
  
αh, 	
  hour	
  of	
  day	
  effect	
  on	
  pup	
  counts,	
  linear	
  and	
  quadra<c	
  
αd, 	
  day	
  of	
  year	
  effect	
  on	
  pup	
  counts,	
  linear	
  and	
  quadra<c	
  
βh, 	
  hour	
  of	
  day	
  effect	
  on	
  non-­‐pup	
  counts,	
  linear	
  and	
  quadra<c	
  
βd, 	
  day	
  of	
  year	
  effect	
  on	
  non-­‐pup	
  counts,	
  linear	
  and	
  quadra<c	
  
δt-­‐1 	
  survival	
  rate	
  (non-­‐pups)	
  
φt-­‐1 	
  recruitment	
  rate	
  (includes	
  pup	
  survival)	
  
ψ 	
  correc<on	
  for	
  seals	
  missed	
  in	
  surveys	
  


