
Christine	
  Stawitz	
  

3/8/2016	
  

Project	
  Update	
  Narrative:	
  NMFS/Sea	
  Grant	
  Fellowship:	
  E/I-­‐24	
  -­‐	
  Population	
  and	
  Ecosystem	
  Dynamics	
  -­‐	
  
Evaluating	
  the	
  importance	
  of	
  growth	
  variation	
  in	
  marine	
  fish	
  population	
  dynamics	
  and	
  stock	
  
assessment	
  

As	
  part	
  of	
  this	
  fellowship,	
  my	
  proposed	
  objectives	
  were	
  to	
  conduct	
  a	
  two-­‐part	
  study	
  on	
  the	
  relative	
  
importance	
  of	
  somatic	
  growth	
  to:	
  	
  

1.	
  Quantify	
  the	
  relative	
  effects	
  of	
  several	
  growth	
  and	
  recruitment	
  variability	
  patterns	
  on	
  
production	
  across	
  different	
  life	
  history	
  archetypes.	
  	
  
2.	
  Evaluate	
  the	
  consequences	
  of	
  growth	
  variation	
  on	
  management	
  reference	
  point	
  and	
  growth	
  
parameter	
  estimates	
  under	
  alternative	
  life	
  histories	
  and	
  fishing	
  pressures.	
  	
  

Below	
  I	
  detail	
  the	
  progress	
  I	
  have	
  made	
  over	
  the	
  following	
  year	
  on	
  both	
  of	
  these	
  proposed	
  objectives.	
  In	
  
summary,	
  I	
  am	
  progressing	
  towards	
  completion	
  of	
  both	
  of	
  these	
  objectives	
  in	
  the	
  next	
  year,	
  during	
  
which	
  I	
  intend	
  to	
  defend	
  my	
  PhD.	
  I	
  have	
  nearly	
  completed	
  the	
  first	
  objective	
  and	
  will	
  begin	
  the	
  second	
  
objective	
  shortly.	
  

Part	
  I:	
  Quantify	
  the	
  relative	
  effects	
  of	
  several	
  growth	
  and	
  recruitment	
  variability	
  patterns	
  on	
  
production	
  across	
  different	
  life	
  history	
  archetypes.	
  

Activities	
  carried	
  out:	
  In	
  the	
  past	
  year,	
  I	
  have	
  mostly	
  completed	
  this	
  component	
  of	
  the	
  proposed	
  work.	
  
We	
  are	
  in	
  final	
  reviews	
  of	
  this	
  paper	
  between	
  co-­‐authors	
  before	
  submitting	
  the	
  paper	
  for	
  publication.	
  
Since	
  last	
  year,	
  I	
  have	
  added	
  to	
  the	
  population	
  model	
  I	
  constructed	
  to	
  simulate	
  populations	
  of	
  fish,	
  
added	
  several	
  species	
  “archetypes”	
  to	
  the	
  set	
  of	
  simulated	
  data,	
  included	
  empirical	
  time	
  series	
  of	
  
recruitment	
  variation	
  in	
  this	
  simulation,	
  and	
  presented	
  the	
  results	
  of	
  this	
  analysis	
  to	
  an	
  audience	
  of	
  
fishery	
  scientists	
  at	
  the	
  149th	
  annual	
  meeting	
  of	
  the	
  American	
  Fisheries	
  Society	
  in	
  Portland,	
  OR.	
  	
  

In	
  this	
  study,	
  we	
  projected	
  population	
  responses	
  to	
  realistic	
  fluctuations	
  in	
  growth	
  and	
  early	
  life	
  
history	
  for	
  eight	
  fish	
  species	
  that	
  spanned	
  a	
  gradient	
  of	
  life	
  history	
  traits	
  (Table	
  1).	
  First,	
  we	
  quantified	
  
characteristics	
  of	
  time	
  series	
  (i.e.	
  autocorrelation,	
  variance)	
  of	
  compiled	
  recruitment	
  (Stachura	
  et	
  al.	
  
2014)	
  and	
  somatic	
  growth	
  (Stawitz	
  et	
  al.	
  2015)	
  anomalies	
  (deviations	
  from	
  average	
  levels),	
  which	
  were	
  
then	
  used	
  to	
  simulate	
  recruitment	
  and	
  growth	
  trajectories.	
  These	
  patterns	
  were	
  then	
  combined	
  with	
  a	
  
standard	
  age-­‐structured	
  population	
  model	
  to	
  evaluate	
  how	
  variability	
  in	
  each	
  rate	
  is	
  transmitted	
  as	
  
variability	
  in	
  population	
  biomass	
  and	
  production.	
  Three	
  alternative	
  variation	
  scenarios	
  across	
  three	
  
harvest	
  scenarios	
  were	
  run	
  for	
  each	
  species:	
  1)	
  growth	
  variability	
  only,	
  2)	
  recruitment	
  variability	
  only,	
  
and	
  3)	
  growth	
  and	
  recruitment	
  variability.	
  By	
  alternatively	
  stabilizing	
  each	
  process,	
  we	
  quantified	
  the	
  
relative	
  contribution	
  of	
  each	
  to	
  population	
  productivity.	
  	
  

Participants:	
  My	
  primary	
  collaborator	
  in	
  this	
  work	
  was	
  my	
  advisor,	
  Dr.	
  Timothy	
  E.	
  Essington	
  of	
  the	
  
School	
  of	
  Aquatic	
  and	
  Fishery	
  Sciences	
  at	
  the	
  University	
  of	
  Washington.	
  I	
  also	
  worked	
  with	
  Dr.	
  Trevor	
  A.	
  
Branch	
  of	
  UW	
  and	
  Dr.	
  Melissa	
  A.	
  Haltuch	
  and	
  Dr.	
  Anne	
  B.	
  Hollowed	
  of	
  NOAA	
  Fisheries.	
  	
  

Results:	
  We	
  found	
  that	
  somatic	
  growth	
  variability	
  often	
  has	
  at	
  least	
  as	
  much	
  influence	
  as	
  recruitment	
  on	
  
marine	
  fish	
  population	
  dynamics	
  (Figure	
  1).	
  This	
  counters	
  the	
  widely	
  held	
  notion	
  that	
  recruitment	
  
variation	
  is	
  the	
  primary	
  cause	
  of	
  fluctuations	
  in	
  fish	
  biomass	
  (Hjort	
  1914,	
  Cushing	
  1982).	
  Our	
  results	
  
suggest	
  that	
  the	
  relative	
  effect	
  of	
  different	
  types	
  of	
  demographic	
  variation	
  on	
  population	
  variability	
  



differs	
  across	
  species.	
  Unexpectedly,	
  we	
  did	
  not	
  find	
  strong	
  correlations	
  between	
  life	
  history	
  
characteristics	
  and	
  the	
  importance	
  of	
  different	
  processes	
  (Figure	
  2).	
  Rather	
  the	
  magnitude	
  and	
  
autocorrelation	
  of	
  variation	
  time	
  series	
  were	
  more	
  influential	
  towards	
  how	
  each	
  process	
  drives	
  
productivity.	
  More	
  severe	
  age	
  truncation	
  (through	
  fishing)	
  did	
  increase	
  the	
  impact	
  of	
  recruitment	
  
variation	
  on	
  biomass	
  variation,	
  as	
  expected,	
  but	
  either	
  did	
  not	
  affect	
  or	
  decreased	
  the	
  effect	
  of	
  growth	
  
variation	
  on	
  biomass	
  variation.	
  



 

Figure 1 - 95% quantiles (lines) and medians (points) of spawning stock biomass CV across 
three harvest rates. “Growth” denotes scenarios with growth variation only, “Rec” denotes 
scenarios with recruitment variation only, and “Both” denotes scenarios with both types of 
variation. 



  

Figure 2- Colors and bubble size indicate relative dominance of growth (purple) or recruitment 
(red) variation (as measured by the difference of the median output CVs of annual production 
under medium harvest), against (a) the catabolic coefficient (A) compared with mortality rate 
(M) and (b) the standard deviation of recruitment deviations compared with autocorrelation of 

growth deviations. 

	
  

Challenges	
  encountered:	
  None	
  significant.	
  

Changes	
  in	
  project	
  direction:	
  None,	
  this	
  is	
  exactly	
  what	
  I	
  proposed.	
  

	
  
Part	
  II:	
  Evaluate	
  the	
  consequences	
  of	
  growth	
  variation	
  on	
  management	
  reference	
  point	
  and	
  growth	
  
parameter	
  estimates	
  under	
  alternative	
  life	
  histories	
  and	
  fishing	
  pressures.	
  	
  
	
  

Activities	
  carried	
  out:	
  Thus	
  far,	
  I	
  have	
  not	
  completed	
  any	
  analysis	
  on	
  this	
  component	
  of	
  the	
  project	
  
beyond	
  brainstorming.	
  	
  

Participants:	
  I	
  intend	
  to	
  collaborate	
  with	
  Dr.	
  Timothy	
  E.	
  Essington	
  and	
  Dr.	
  Melissa	
  A.	
  Haltuch,	
  my	
  NMFS	
  
mentor,	
  on	
  this	
  project.	
  



Results:	
  N/A	
  

Challenges	
  encountered:	
  N/A	
  

Change	
  in	
  project	
  direction:	
  N/A	
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