
Registration	  closes	  Jan	  12th (Friday)

Session  S5 Climate  Change  impacts  on  high  latitude  systems  on  multiple  
scales  in  space  and  time.
The  session  will  be  part  of  the  4th ECCWO  conference 4-6  June  2018 in  
Washington  DC
http://meetings.pices.int/meetings/international/2018/climate-
change/program#S1
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What  is  an  Integrated  Ecosystem  
Assessment?
A. It’s  a  set  of  best  practices  and  principles  for  EBM.

B. It’s  a  process for  delivering  advice  to  management.

C. It’s  a  product:    “we  have  conducted  an  Integrated  
Ecosystem  Assessment  for  the  Bering  Sea.”

D. It’s  a  NOAA  program with  a  budget  and  deliverables.

E. All  of  the  above.





Provides	  a	  forum	  to	  
evaluate	  multiple	  
tradeoffs	  ,	  IF	  teams	  
include	  experts	  from	  
different	  perspectives

Zador et	  al.	  2017



IEA work is PLACE-BASED: 4 LMEs

• Tailored  to  stakeholders
• Can  fit  management  scale
• Model  <->  Observation  integration

• Some LMEs  get  less  attention.
• Effort  is  needed  to  maintain  consistency



Increased	  integration	  of	  fieldwork	  and	  
management	  advice
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• Fisheries  Ecosystem  Plans  (FEPs)
• Conceptual  Models
• Ecosystem  Models
• Ecosystem  Indicators
• Ecosystem  Assessment  Document
• Risk  Assessments
• Management  Strategy  Evaluations

IEA Products
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What is a Risk Assessment?

(Image	  from	  Dolan	  et	  al.	  2016)



Initial  plans  “general  scoping  
and  framing”,  not  living  
documents.

Upcoming:    Bering  Sea  FEP,  
a  “living”  document  or  plan.

Fisheries Ecosystem Plans



Bering Sea Fisheries Ecosystem Plan



Holsman	  et	  al.	  2017	  



Holsman	  et	  al.	  2017	  



Qualitative	  modeling	  
with	  quantitative	  flair

• Focus:	  shellfish	  aquaculture	  in	  two	  
data-‐variable	  food	  webs

• Drivers:	  OA,	  new	  culture	  practices,	  
invasive	  species,	  eutrophication,	  
predators

• Jon	  used	  a	  method	  called	  Qualitative	  
Network	  Modeling	  (QNM)	  for	  
analyses

Willapa	  Bay
(Reum	  et	  al.	  2015,	  MEPS)

South	  Puget	  Sound
(Reum et	  al.	  2015,	  ICES	  J	  Mar	  Sci)



Indicators	  for	  each	  trophic	  level

Report	  Cards	  for	  different	  conceptual	  model	  components
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Bering ROMS (Regional 
Oceanographic model)

2004  JUN 2008  JUN

cold  
pool

Ice  cover  
&  algae

Ice  cover  
&  algae



• Included  in  annual  ecosystem  chapter  (November  prediction  for  
following  summer)

• Strong  traction/interest  in  fishing  community
• Forecast  led  to  increased  oceanographic  field  presence  in  2015  
(unprecedented  warmth  forecast)

• Validation	  funded	  under	  NOAA	  MAPP	  Program

9-month (seasonal) 
forecast - cold pool



Current  EFH  1982-2012  

EFH  2030-40  CMIP3  ensemble  Current  EFH  walleye  pollock

Shifts  in  Essential  Fish  Habitat
Rooper,	  Ortiz,	  Laman,	  Hermann,	  Wilborn



CEATTLE (Multi-species  stock  assessment  model)

Walleye  pollock  
(Gadus  chalcogrammus)  

Arrowtooth  flounder
(Atheresthes  stomias)  

Pacific  cod
(Gadus  macrocephalus)  

Eastern  Bering  Sea,  Alaska,  USA

W@Age~f(Temperature)
Pred/prey~f(Temperature)

Holsman, Ianelli and Aydin



Mean  R/S

Mean  R/S  +  Food

CEATTLE  Recruitment  –
ROMS/NPZ  forced  forecasts
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FEAST	  	  (Forage	  Euphausiid	  Abundance	  in	  Space	  and	  Time)	  model	  

2004

2008

Pollock Cod Arrowtooth

Circles	  are	  bottom-‐trawl	  data;	  shading	  is	  FEAST	  modeled	  distribution

(Ortiz,	  Kearney,	  Hermann,	  Aydin)



Pooled  NFS  trips  show  areas  of  
maximum  energy  expenditure/  
demand  (pink,  blues  shows  
decreasing  energy)

Underlying  modeled  pollock  
energy  density  distribution  by  
age  from  FEAST  provides  
energy  availability  

Matching  Northern  Fur  Seal  
energy  demand  to  pollock  
energy  availability

(Sterling,	  Ortiz)

https://www.afsc.noaa.gov/Science_blog/FurS
eal_2017_main.htm



(Mordy,	  Kuhn,	  De	  Robertis,	  Sterling)



LEO Network: www.leonetwork.org



Bering Sea Fisheries Ecosystem Plan



Ecosystem Risk Assessment

Holsman	  et	  al.	  2017	  
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• Knowledge  and  understanding  are  always  evolving,  so  build  
the  IEA  to  allow  for  that  evolution

• If  an  IEA  reflects  a  narrow  viewpoint,  or  a  discrete  set  of  
priorities  it  will  become  obsolete  

• It  is  extremely  important  to  create  formal  collaborations  that  
intentionally  span  perspectives  and  backgrounds

• IEA  can  then  provide  the  consistent  place  for  ecosystem  
knowledge  to  be  discussed  and  shared



Putting	  the	  Pieces	  Together:	  Initial	  Steps	  
Establishing	  an	  IEA	  for	  the	  Gulf	  of	  Alaska

Models

Indicators

Ecosystem
Assessment

Ecosystem	  Based	  
Management	  Goals

Stakeholders

Ecosystem	  Status	  
Report	  Card



Timing	  is	  Right

-‐ Gulf	  of	  Alaska	  Integrated	  Ecosystem	  Research	  Program	  
interdisciplinary	  study	  of	  the	  GOA

-‐ Gulf	  of	  Alaska	  (climate)	  Regional	  Action	  Plan
document	  on	  climate	  affect	  on	  GOA	  Ecosystem	  production

-‐ Fisheries	  Management	  Council	  Actively	  Implementing	  
EBFM



#1.	  Conceptual	  Model

Species-‐specific	  ResponsesBiological	  &	  Physical	  Variables

Community	  Health	  &	  Resilience



Qualitative	  Network	  Models



Sand	  Point

Kodiak
Sitka



#2.	  Placed-‐based	  IEA	  in	  Sitka



#3.	  Engage	  Other	  Stakeholders	  &	  Develop	  Products

North	  Pacific	  Fishery	  
Management	  Council

Coastal	  Communities



Parting	  Thoughts

Know	  your	  stakeholders

Each	  region	  & IEA	  is	  going	  to	  be	  different

IEAs	  are	  a	  way	  of	  doing	  business	  



End	  Slides



SEAK	  IEA	  (Sitka	  Sound	  -‐ Cross	  Sound)

Partners:
• ALFA,	  SSSC,	  Sitka	  Tribes,	  Sitka	  Conservation	  Society
• SE	  Trollers Assoc.,	  NSRAA,	  ADF&G,	  UAS,	  Allen	  Marine	  (potentially)

Interests:
• Understanding	  of	  how	  inside	  waters	  and	  seasonal	  patters	  affect	  groundfish
• Understand	  plankton,	  forage	  fish,	  and	  marine	  mammal	  interactions	  in	  Sitka	  

Sound
• Ocean	  habitat	  quality	  for	  salmon
• Common	  frame	  work	  for	  understanding	  why/how	  axillary	  information	  is	  used	  

in	  opening	  and	  closing	  fisheries
• Ocean	  acidification

Products:
• Troll	  logbook	  database	  program	  (reinstate)	  
• Basic	  predator/prey/ecosystem	  model	  of	  Sitka	  Sound
• Leading	  indicator	  for	  harmful	  algal	  blooms
• Management	  tools



Timeline of ecosystem-based 
fisheries management science

1980s:    Proactive  ecosystem  measures  in  Alaska
Ecosystem  models,  2M  MT  cap,  forage  fish  ban

1990s:    What  is  ecosystem-based  management?  
Academic  panel  reports  (nationwide),  development  of  Alaska  
Ecosystem  Status  Report  (“Ecosystem  Considerations”)

2000s:    Product  and  tool  development
Models,  analysis  tools,  extended  observations,  conceptual  models

2010s:    Development  of  formalized  programs
National  and  Local  Roadmaps,  Integrated  Ecosystem  Assessments



Fishing	  Scenarios

Climate-‐enhanced	  
Biological	  Models

Future	  
Climate	  Scenarios

https://www.afsc.noaa.gov/REFM/REEM/ACLIM.htm



Increased	  integration	  of	  fieldwork	  and	  
management	  advice



Bering ROMS/NPZ 
(Regional Oceanographic model with nutrients and plankton 
dynamics)

• Developed  with  NSF/North Pacific Research Board
• Ongoing  IEA  partnership  (AFSC/PMEL)
• Significant  advances  in  ice  modeling,  ice  plankton

• Products
• 40-year  hindcast  (1971-2012)
• Nowcasts  (annual)
• 9-month  forecast  (annual)
• Forecasts  to  2100  with  IPCC  outputs
• Rapid  Climate  Assessment
• EFH  maps



Bering ROMS (Regional Oceanographic model)2004  JUN 2008  JUN

cold  
pool

Ice  cover  
&  algae

Ice  cover  
&  algae



9-month (seasonal) forecast - cold pool

• Included  in  annual  ecosystem  chapter  (November  prediction  for  
following  summer)

• Strong  traction/interest  in  fishing  community
• Forecast  led  to  increased  oceanographic  field  presence  in  2015  
(unprecedented  warmth  forecast)

• Validation	  funded	  under	  NOAA	  MAPP	  Program



Current  EFH  1982-2012  

EFH  2030-40  CMIP3  ensemble  Current  EFH  walleye  pollock

Shifts  in  Essential  Fish  Habitat
Rooper,	  Ortiz,	  Laman,	  Hermann,	  Wilborn



CEATTLE (Multi-species  stock  assessment  model)

Holsman, Ianelli and Aydin

Walleye  pollock  
(Gadus  chalcogrammus)  

Arrowtooth  flounder
(Atheresthes  stomias)  

Pacific  cod
(Gadus  macrocephalus)  

Eastern  Bering  Sea,  Alaska,  USA

W@Age~f(Temperature)
Pred/prey~f(Temperature)



Mean  R/S

Mean  R/S  +  Food

CEATTLE  Recruitment  – ROMS/NPZ  forced  
forecasts
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FEAST	  	  (Forage	  Euphausiid	  Abundance	  in	  Space	  and	  Time)	  model	  

2004

2008

Pollock Cod Arrowtooth

Circles	  are	  bottom-‐trawl	  data;	  shading	  is	  FEAST	  modeled	  distribution

(Ortiz, Kearney, Hermann, Aydin)



Pooled  NFS  trips  show  areas  of  
maximum  energy  expenditure/  
demand  (pink,  blues  shows  
decreasing  energy)

Underlying  modeled  pollock  
energy  density  distribution  by  
age  from  FEAST  provides  
energy  availability  

Matching  Northern  Fur  Seal  
energy  demand  to  pollock  
energy  availability

(Sterling,	  Ortiz)

https://www.afsc.noaa.gov/Science_blog/FurSeal_2017
_main.htm



(Mordy,	  Kuhn,	  De	  Robertis,	  Sterling)



Graphic:  J.  Overland,  P.  Stabeno,  M.  Wang,  C.  Ladd,  
N.  Bond,  and  S.  Salo,  PMEL/NOAA

Bering  Sea  “Cold  Pool”  
2001-2017

Summ
er

MORE  ICE  

MORE  FOOD

MORE  FISH

HIGHER  CATCH

2001 2002 2003 2004

2005 2006 2007 2008

2009 2010 2011 2012

2013 2014 2015 2016

2017



NOW

Ice  loss  of  
3.7  %  per  decade

Delay  of  ice  formation  
of  >3  weeks

http://nsidc.org/arcticseaicenews/

National  Sea  Ice  Data  Center



BLUE=	  LESS	  ICE

http://nsidc.org/arcticseaicenews/

RED	  =	  MORE	  ICE
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What does Ecosystem-based management look 
like to you?
• What sorts of data and knowledge are included? (e.g., survey based data, Local or 

Traditional Ecological Knowledge, Citizen or cooperatively collected data)

• Who is (or should be) involved?

• How do you collectively consider different sources of knowledge and data?

• What are the connections and in-roads to management decisions?

• How has the ecosystem approach evolved over time in your experience?



Photo:	  Mark	  Holsman

What is the advantage of an Ecosystem 
Approach to managing marine systems?
• What is the value added of an ecosystem approach?

• What does management look like if it doesn’t include ecosystem –perspective and 

information?

• What are some successful examples where ecosystem science helped?



Photo:	  Mark	  Holsman

What are the challenges of an Ecosystem 
Approach to management?
• Are there times when ecosystem information is difficult to interpret? and why?

• How do you resolve differences in data collection and information?

• What are the biases and challenges that are unique to ecosystem-based 

management?

• What are some examples of when an ecosystem approach didn’t work, and why?


