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Key Terms

–    
-‐‑

–     
nature.

–    The  variability  among  living  organisms  from  all  sources  including  terres-‐‑

species.

–     
including  coastal  seagrasses,  tidal  marshes,  and  mangroves.  

Carbon  sequestration  –    A  long-‐‑term  storage  plan  for  carbon  dioxide  or  other  forms  of  

-‐‑

lation  of  greenhouse  gases  that  are  released  by  burning  fossil  fuels.  

–    

over   a  period  of   time   ranging   from  months   to   thousands  or  millions  of  years.  These  

-‐‑

of  the  climate  system.  

–    
a  result  of  natural  variability  or  human  activity.  

–     Quantitative   methods   used   to   simulate   the   interactions   of   the  

atmosphere,  oceans,  land  surface,  and  ice.  They  are  used  for  a  variety  of  purposes  such  

climate.

Disaster  –    Severe  alterations  in  the  normal  functioning  of  a  community  or  a  society  due  

external  support  for  recovery.

–     A   biological   environment   consisting   of   all   of   the   organisms   living   in   a  

–     -‐‑
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such  as  soil  formation,  photosynthesis,  and  nutrient  cycling.

–    

–    

to  the  exploration  and  use  of  marine  resources  including  the  production  of  energy  from  

200  nautical  miles  from  its  coast.  

–    
variations.

–      -‐‑

–     
the   thermal   infrared   range.  This  process   is   the   fundamental   cause  of   the  greenhouse  

–     

sustainability.

–    

living  in  the  system.

–    
habitats  and  bioregions  that  they  invade  economically,  environmentally,  and/or  ecologi-‐‑

–    
hydrology,  productivity,  and  trophic  interactions.

–    The  largest  long-‐‑term  average  catch  or  yield  that  

-‐‑

mental  conditions.

  –    
climate   system.  Mitigation   includes   strategies   to   reduce   greenhouse   gas   sources   and  

–     

2
)  from  the  

atmosphere.

–     The   ability   of   a   system   and   its   component   parts   to   anticipate,   absorb,  



manner  through  ensuring  the  preservation,  restoration,  or  improvement  of  its  essential  

basic  structures  and  functions.

–    The  capacity  of  the  ecosystem  to  absorb  disturbances  and  remain  largely  

unchanged.

–    

–    

–    

in  response  to  a  change  in  the  mean,  range,  or  variability  of   temperature,  or   indirect,  

level  rise.

–    

–    
such  as  salinity,  oxygenation,  density,  or  temperature  form  layers  that  act  as  barriers  to  

–    
-‐‑

ment  results  in  a  report  that  often  includes  an  estimation  of  the  amount  or  abundance  of  

can  maintain  itself  in  the  long  term.

–    
-‐‑

nological  or  biological  systems.

–     

–    
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-‐‑

•   -‐‑

•  

Table 1: Communicating Uncertainty

Strong  evidence  (established  theory,  multiple  sources,  consistent  

Moderate
Moderate  evidence  (several  sources,  some  consistency,  methods  vary  

and/or  documentation  limited,  etc.),  medium  consensus

Fair
incomplete,  methods  emerging,  etc.),  competing  schools  of  thought

Inconclusive  evidence  (limited  sources,  extrapolations,  inconsistent  

xxv
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Executive Summary

connected  to  and  dependent  on  oceans  and  marine  resources.  Marine  ecosystems  under  

-‐‑

-‐‑

communities,  and  economies  across  America  and  internationally  every  day.  

-‐‑

duce  dramatic  changes  in  the  physical,  chemical,  and  biological  characteristics  of  ocean  

literature  provides  evidence  of  the  current  impacts  of  increasing  atmospheric  carbon  di-‐‑

-‐‑

vices  and  uses,  although  it  is  predicted  that  the  vulnerability  of  ocean-‐‑dependent  users,  

communities,  and  economies  increases  in  a  changing  climate.  In  addition,  non-‐‑climatic  

-‐‑

-‐‑

tively,  climatic  and  non-‐‑climatic  pressures  on  marine  ecosystems  are  having  profound  

and  diverse  impacts  that  are  expected  to  increase  in  the  future.

atmospheric  CO
2
.  These  impacts  are  set  in  motion  through  a  collection  of  changes  in  the  

-‐‑

-‐‑

greenhouse  gases  and  protect  and  enhance  those  natural  environments  that  act  as  car-‐‑
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-‐‑

the  physical,  chemical,  and  biological  components  and  human  uses  of  marine  ecosys-‐‑

-‐‑

system,  the  connectivity  and  movement  of  species,  and  the  extensive  and  diverse  uses  

of  marine  resources  and  services  that  occur  throughout  the  Nation.  Therefore,  climate  

are  also  considered  in  the  NCA.  

report.  

Chapter 2: Climate-Driven Physical and Chemical Changes in 
Marine Ecosystems

-‐‑

spheric  carbon  dioxide  and  other  greenhouse  gases.  

•  

change  has  been  absorbed  by  the  oceans,  thereby  increasing  the  average  temper-‐‑

continue.  

•  

-‐‑

•   Arctic  ice  has  been  decreasing  throughout  the  early  21th  century.  The  summer  of  

-‐‑

volume  has  decreased  by  75%  over  the  previous  decade.

•  

mean  sea  level  rise  of  more  than  1  meter  above  present  day  sea  level  by  2100.

•   Reductions  in  ice  may  occur  more  rapidly  than  previously  suggested  by  coupled  

more  recent  modeling  predicts  that  a  seasonal  ice-‐‑free  state  could  occur  as  early  

as  2030.
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-‐‑

2
.

•   The  annual  accumulation  of  atmospheric  CO
2
  has  increased.  In  2010,  the  overall  

CO
2

Industrial  Revolution  in  1750.

•  
2
  than  the  atmosphere  and  

oceans  to  absorb  CO
2

•  

•  

events.  

•  

•  
2
  is  

•  

•  

•  

coastal  communities  because  of  the  increases  in  coastal  populations  and  infra-‐‑

•  

impairing  circulation.  
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•  

Chapter 3: Impacts of Climate Change on Marine Organisms

•  

and  alterations  in  species  interactions,  among  others.  

•  

but  high-‐‑latitude  and  tropical  areas  appear  to  be  particularly  vulnerable.

negatively  impacted,  or  “losers.”

•  

-‐‑

species.

•   Species  such  as  corals  and  other  calcifying  organisms  that  are  exposed  to  ocean  

marine  ecosystems.

non-‐‑climatic  stressors  such  as  pollution,  overharvesting,  disease  and  invasive  species.  

•   Climate-‐‑related  stressors  such  as  changes  in  temperature  can  operate  as  threat  

•   Opportunities  exist  for  ameliorating  some  of  the  impacts  of  climate  change  

through  reductions  in  non-‐‑climatic  stressors  at  local-‐‑to-‐‑regional  scales.

•   -‐‑

•   Observed  responses  to  ongoing  environmental  change  often  vary  in  magnitude  

across  space  and  time,  suggesting  that  extrapolations  of  responses  from  one  

location  to  another  may  be  challenging.  

•  

or  “tipping  points,”  that  could  result  in  rapid  ecosystem  change  are  a  particular  

area  of  concern.
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Chapter 4: Impacts of Climate Change on Human Uses of  
the Ocean

health,  tourism,  and  maritime  governance,  are  already  being  observed  and  are  pre-‐‑

dicted  to  continue  into  the  future.

•  

reduce  the  ability  of  humans  to  use  the  ocean  in  a  given  sector,  and  virtually  all  

•  

-‐‑

•  

•  

assets  and  resources  as  energy  production  moves  from  the  traditional  oil  and  

•   In  the  face  of  climate  change,  impacts  to  marine  resource  distribution,  variable  

mixed  in  others.

•   The  scale  and  scope  of  climate  impacts  such  as  increased  economic  access  and  

uses  of  the  oceans  in  the  future.

-‐‑

•   -‐‑
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change.  

•  

•  

-‐‑

food  insecurity  and  malnutrition,  rising  pollutant-‐‑related  respiratory  problems,  

and  spread  of  infectious  disease.

insight  into  societal  responses  and  adaptation  options.  

•  

economic,  and  social  systems  in  the  future.

Chapter 5: International Implications of Climate Change

distribution  and  abundance.

•  

no  longer  the  case.

•   -‐‑

•  

long-‐‑term  implementation  on  shared  marine  resources.

•  

•  

priorities.

-‐‑

•  

changing  circumstances,  particularly  unanticipated,  climate-‐‑driven  changes  in  
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•  

to  be  strengthened  or  enhanced.

long  term.

•   Changes  in  available  shipping  lanes  in  the  Arctic  created  by  a  loss  of  sea  ice  have  

generated  an  expanded  geopolitical  discussion  involving  the  relationship  among  

politics,  territory,  and  state  sovereignty  on  local,  national,  and  international  

scales.

-‐‑

tential  to  be  a  transformational  tool  in  the  implementation  of  improved  coastal  policy  

and  management.

•   A  number  of  countries  including  Indonesia,  Costa  Rica,  and  Ecuador  have  iden-‐‑

and  approaches.

Chapter 6: Ocean Management Challenges, Adaptation 
Approaches, and Opportunities in a Changing Climate

-‐‑

•  

adaptation  actions  have  been  designed  and  implemented  for  marine  systems.  

•  

•   Despite  barriers,  creative  solutions  are  emerging  for  advancing  adaptation  plan-‐‑

ning  and  implementation  for  ocean  systems.

•   Long-‐‑term  observations  and  monitoring  of  ocean  physical,  ecological,  social,  and  

economic  systems  provide  essential  information  on  past  and  current  trends  as  

•  

communities  of  practice,  and  inform  and  support  decisions  to  enhance  ocean  

resilience  in  the  face  of  climate  change.
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•  

-‐‑

ience  and  adaptive  capacity.

•  

Chapter 7: Sustaining the Assessment of Climate Impacts on 
Oceans and Marine Resources

-‐‑

adaptation  to  a  changing  climate.

marine  ecosystems.  

advance  assessment  of  impacts  of  climate  change  on  oceans  and  marine  resources.

•   Identify  and  collect  information  on  a  set  of  core  indicators  of  the  condition  of  

-‐‑

•  

-‐‑

ical,  chemical,  biological,  and  social/economic  impacts  of  climate  change  on  

oceans  and  marine  resources.

•   Increase  capacity  and  coordination  of  existing  observing  systems  to  collect,  

•  

components  and  human  uses.

•  

climate  change  on  marine  ecosystems.

•   Build  and  support  mechanisms  for  sustained  coordination  and  communication  

-‐‑

mation  needs  related  to  impacts,  vulnerabilities,  mitigation,  and  adaptation  of  

ocean  ecosystems  in  a  changing  climate  are  being  met.
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•  

in  a  changing  climate.

•   -‐‑

national  partners  for  assessing  and  addressing  impacts  of  climate  change  and  
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Chapter 1 

Introduction

-‐‑

port  an  incredible  diversity  of  species  and  habitats  (NMFS,  2009a,b)  and  provide  many  

-‐‑

-‐‑

-‐‑

-‐‑

ferent  large  marine  ecosystems  (LMEs)  (Figure  1-‐‑1).

-‐‑

-‐‑

lectively,  climatic  and  non-‐‑climatic  pressures  are  having  profound  and  diverse  impacts  

on  marine  ecosystems  (Figure  1-‐‑2b).  These  impacts  are  expected  to  increase  in  the  future  

levels.

as  human  uses  of  these  systems.  Rising  levels  of  atmospheric  CO
2
  is  one  of  the  most  se-‐‑

CO
2
  in  marine  ecosystems  are  increasing  ocean  temperatures  (IPCC,  2007a)  and  acidity  

(Doney  et  al.,  2009).  Increasing  temperatures  produce  a  variety  of  other  ocean  changes  
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et  al.,  2012).  These  and  other  changes  in  ocean  physical  and  chemical  conditions,  such  

as  changes  in  oxygen  concentrations  and  nutrient  availability,  are  impacting  a  variety  

of  ocean  biological  features  including  primary  production,  phenology,  species  distribu-‐‑

atmospheric  CO
2
.  Interactions  of  climate  impacts  vary  by  region  and  complexity.  Figure  

1.1 Scope and Purpose

-‐‑

-‐‑

emphasis  on  this  topic  for  the  2013  NCA.  

Caribbean  Sea

Gulf  of  Mexico

California  Current

Pacific Islands Ecosystem Complex

Northeast
Shelf

Southeast
Shelf

Legend
noaa_eco_outer_eez

US  EEZ

States

Alaska  Ecosystem  Complex

Great  Lakes

tim.haverland@noaa.gov 06/09

Figure 1-1  Large 
marine ecosystems 
within the U.S. 
Exclusive Economic 
Zone (NOAA 
Fisheries 2009c).
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Figure 1-2 (a) Changes in (1) global mean sea level (data starting in 1800 with an upward trend; 
Jevrejeva et al., 2008), (2) summer Arctic sea-ice area (data starting just prior to 1900 with a downward 
trend; Walsh and Chapman, 2001),(3) 0-700-m ocean heat content (data starting around the mid 1900's 
with an upward trend; Levitus et al., 2009),(4) sea-surface temperature (data starting around the mid-
1800's with a general upward trend; Rayner et al., 2006), (5) mean ocean surface pH (data starting 
around 1000 with an downward trend into the future; NRC, 2010b), and (6) pCO2 (data starting around 
1000 with an upward trend tinto the future; Petit et al., 1999). Shaded region denotes projected changes 
in pH and pCO2 consistent with the Intergovernmental Panel on Climate Change’s 21st-century A2 
emissions scenario with rapid population growth. (b) Time series (as identified in figure key): trends 
in world population (solid line, data starting in the 1800s with an upward trend; Goldewijk, 2005), U.S. 
coastal population (solid line, data staring in the 1950s with a general upward trend; Wilson and Fischetti, 
2010), anthropogenic nitrogen fixation (solid line, data starting in the late 1850s with a general upward 
trend; Davidson, 2009), North American marine biological invasions (solid line, data starting in the 1800s 
with a general upward trend; Ruiz et al., 2000), global marine wild fish harvest (solid line, data starting 
in the 1950s with a general upward trend; Food Agricultural Organization [FAO] U.N., 2010), cumulative 
seagrass loss (dotted line, data starting around the mid 1920's with a general upward trend and a sharp 
increase after the mid 1970s; Waycott et al., 2009), cumulative Caribbean coral cover loss (dotted line, 
data starting around the mid 1970s with a general upward trend; Gardner et al., 2003), cumulative 
mangrove loss (dotted line, data starting around the mid 1920's with a general upward trend and a sharp 
increase after the mid 1970s; FAO U.N., 2007), cumulative global hypoxic zones (dotted line, data starting 
in the early 1900's with a general upward trend; Diaz and Rosenberg, 2008), and global mariculture 
production (dotted line, data starting around 1950 with an upward trend; FAO U.N., 2010). All time series 
in (b) are normalized to 1980 levels. Trends with <1.5-fold variation are depicted as solid lines (left axis), 
and trends with >1.5-fold variation are depicted as dotted lines (right axis) (Source: Doney et al., 2012).
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•  

ocean  physical  and  chemical  conditions  (Section  2),  biological  systems  (Section  

•   Section  5  assesses  the  international  implications  of  these  climate  impacts  

•  

Figure 1-3 Imapcts of Climate Change on Marine Ecosystems. This table is intended to provide il-
lustrative examples of how climate change is currently affecting U.S. ecosystems, the species they 
support, and the resulting impacts on ocean services. It is not intended to be comprehensive or to 
provide any ranking or prioritization. Black arrows represent impacts driven by climate change either 
directly or indirectly. Gray arrows represent countering effects of various adaptation efforts.  indi-
cates where climate change is predicted to increase the incidence or magnitude of that attribute and  
indicates attributes where the impact of climate change on that attribute is variable.
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•  

1.2 Linkages with Other Parts of the National Climate 
Assessment

•  

•  

energy;  

•   Connectivity  and  movement  of  species;  and  

•   Extensive  and  diverse  uses  of  marine  resources  and  services  that  occur  

throughout  the  Nation.

implications  for,  many  regions  and  sectors  across  the  nation  that  are  also  considered  in  

-‐‑

-‐‑

internationally.

the  NCA:

•     Seven  of  the  eight  regions  of  the  NCA  include  coastal  

areas  and  marine  ecosystems.  Climate  change  impacts  on  marine  ecosystems  

-‐‑

dent  species,  habitats,  users,  and  communities;

•     The  oceans  and  marine  resources  considered  in  this  report  are  

coastal  areas,  especially  for  marine-‐‑dependent  species,  habitats,  users,  and  

communities;

•   Marine  ecosystem  conditions  can  directly  impact  public  health  

through  harmful  algal  blooms,  contaminated  seafood,  the  spread  of  disease,  

and  other  mechanisms.  Climate  change  impacts  that  increase  these  conditions  

areas;

•   Marine  transportation  is  critical  to  the  nation’s  economy,  health,  

ecosystems,  such  as  changes  in  ocean  circulation,  storms,  and  other  features,  

system;

•   The  nation’s  energy  supply  from  marine-‐‑related  sources  is  
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Climate  change  impacts  on  marine  ecosystems,  such  as  changes  in  ocean  circula-‐‑

energy  sector;  and

•   Marine  ecosystems  are  some  of  the  nation’s  most  

complex,  biologically  rich,  and  valued  ecosystems.  Climate  change  is  already  

impacting  marine  ecosystems  and  biodiversity  and  these  impacts  are  expected  

-‐‑

dent  on  marine  resources.

Figure 1- 4 Summary of climate-dependent changes in the California Current. Observed physical chang-
es include surface warming, strengthened stratification, and a deepening thermocline that is super- 
imposed on strengthened upwelling wind stress and resultant increases in coastal and curl-driven up-
welling. Long-term declines in dissolved oxygen have resulted in intensification of shelf hypoxia and 
vertical displacement of the hypoxia horizon, which reduces the habitat for certain oxygen-sensitive 
demersal fish species and increases the inorganic carbon burden and potential for N2O flux. The surface 
inorganic carbon load has also increased because of anthropogenic CO2 uptake. Time series from the 
past two to three decades indicate increasing trends in phytoplankton biomass; longer time series for 
zooplankton indicate decreasing biovolumes over the past six decades as well as shifts toward an earlier 
and narrower window of peak abundance. Increases in oceanic larval fish have been observed as have 
declines in salmon and rockfish productivity. Seabirds have experienced more variable and, in some cas-
es, declining breeding success. Distributional shifts toward species with subtropical or southern ranges 
that are warmer and away from species with subarctic or northern ranges that are cooler have been 
evident in intertidal invertebrate, zooplankton, and seabird communities (Source: Doney et al., 2012).
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Chapter 2 

Climate-Driven Physical and Chemical 
Changes in Marine Ecosystems

Executive Summary

carbon  dioxide  and  other  greenhouse  gasses.  The  Intergovernmental  Panel  on  Climate  

-‐‑

-‐‑

2
  is  being  absorbed  by  the  oceans,  causing  a  series  of  chemical  

-‐‑

-‐‑

-‐‑

ing  CO
2

-‐‑

2
  by  the  oceans.  While  

atmospheric  data  collected  from  1970-‐‑2005  suggests  that  there  are  overriding  changes,  

-‐‑

-‐‑
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-‐‑

Key Findings

-‐‑

spheric  carbon  dioxide  and  other  greenhouse  gases.  

•  

change  has  been  absorbed  by  the  oceans,  thereby  increasing  the  average  temper-‐‑

continue.  

•  

-‐‑

•   Arctic  ice  has  been  decreasing  throughout  the  early  20th  century.  The  summer  of  

-‐‑

volume  has  decreased  by  75%  over  the  previous  decade.

•  

mean  sea  level  rise  of  more  than  1  meter  above  present  day  sea  level  by  2100.

•   Reductions  in  ice  may  occur  more  rapidly  than  previously  suggested  by  coupled  

more  recent  modeling  predicts  that  a  seasonal  ice-‐‑free  state  could  occur  as  early  

as  2030.

-‐‑

2
.

•   The  annual  accumulation  of  atmospheric  CO
2
    has  been  increasing  and  in  2010  

the  overall  CO
2

of  the  Industrial  Revolution  in  1750.

•  
2
  than  the  atmosphere  and  

oceans  to  absorb  CO
2

•  
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•  

events.  

•  

•  
2
  is  

•  

precipitation  events  are  predicted  to  become  more  intense.

•  

•  

coastal  communities  because  of  the  increases  in  coastal  populations  and  infra-‐‑

•  

circulation.  

•  

Key Science Gaps/Knowledge Needs

Many  critical  research  gaps  related  to  impacts  of  climate  change  on  physical  and  chemi-‐‑

cal  ocean  systems  remain,  including:

•  

oceans  and  associated  sea  level  rise;

•  

•   Advanced  integration  of  observations  and  predictive  modeling,  particularly  at  

regional  scales,  in  order  to  gain  insight  into  future  impacts  of  climate  change;
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•  

the  atmosphere;

•   Successful  monitoring  of  tropical  cyclone  activity  globally  for  emergence  of  

-‐‑

tion  of  future  storms;  and  

•   Improved  understanding  of  the  role  of  “blue  carbon”  science  in  ecosystem  

-‐‑

2.1 Introduction

-‐‑

nent  of   the  global  climate  system.  The  oceans  help  to  control   the  timing  and  regional  

distribution  of  the  Earth’s  response  to  climate  change,  primarily  through  their  absorp-‐‑

tion  of  carbon  dioxide  (CO
2
)  and  heat.  Changes  to  the  physical  and  chemical  properties  

level   rise   is  accelerating,   the  oceans  are  becoming   increasingly  acidic,   and   the   rate  of  

sea   ice  melt   is  steadily   increasing.  The  International  Panel  on  Climate  Change  (IPCC)  

changes  currently  being  observed  in  the  Earth’s  oceans,  including  changes  in  tempera-‐‑

-‐‑

2.2 Ocean Temperature and Heat Trapping

-‐‑

tions  of  atmospheric  carbon  dioxide  and  other  greenhouse  gases  that  increase  air  tem-‐‑

peratures.  Air  temperature  and  sea  surface  temperature  are  strongly  correlated,  and  the  

the  IPCC,  “most  of  the  observed  increase  in  globally  averaged  temperatures  since  the  

-‐‑

absorbed  by  the  oceans  (Levitus  et  al.,  2009),  thereby  increasing  the  average  temperature  

2
  emission  sce-‐‑

2
  emission  scenario  A1FI  by  the  end  of  the  21st  
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-‐‑

face  temperatures  to  increase  at  a  faster  rate  than  previously  observed  (Friedlingstein,  

2001).  The  present  CO
2

2
  is  

Ocean sea surface temperature 

The   oceans   play   a   dominant   role   in   the   Earth’s   climate   system   through   storage   and  

transport   of   heat   (Levitus   et   al.,   2009).   Observed   temperature   increases   are   uneven  

around  the  globe  and  both  gains  and  losses  in  sea  surface  temperatures  are  governed  

by   atmospheric   and   oceanic   processes.   Dominant   atmospheric   factors   driving   ocean  

oceanic  factors  include  heat  transport  by  currents  and  vertical  mixing.  Fluctuations  in  

-‐‑

Figure 2-1 Time series of global annual ocean heat content (1022 J for the 0-700 m layer (black) and 
0-100 m layer (thick red line; thin red lines indicate estimates of one standard deviation error) and equiv-
alent sea surface temperature (blue; right-hand scale). All time series were smoothed with a three-year 
running average and are relative to 1961 (Source: Barange and Perry, 2009).
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is  a  driving  force  of  atmospheric  circulation.  Evaporation  rates  are  expected  to  increase  

the  amount  of  heat  retained  in   the  atmosphere  (IPCC,  2007a).  The  potential  exists   for  

-‐‑

-‐‑

-‐‑

Observations  indicate  that  changes  in  sea  surface  temperature  in  the  tropical  North  At-‐‑

-‐‑

et  al.,  2007a).

sea  level  rise  (discussed  in  greater  detail  in  the  Coastal  Impacts,  Adaptation  and  Vulner-‐‑

ice  sheets  and  the  thermal  expansion  or  contraction  of  the  oceans.  In  the  case  of  thermal  

on  coastal  areas  for  breeding  or  haul-‐‑out  areas.  
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2.3 Loss of Arctic Ice

throughout  the  second  half  of  the  20th  century  and  the  early  21st  century  (Figure  2-‐‑3)  

-‐‑

-‐‑

75%  over  the  last  decade  (Laxton  et  al.  2013).  Every  year  since  then,  September  ice  extent  

Figure 2-2 Idealized depiction of how solar energy is absorbed by the earth’s surface, causing the 
earth to warm and to emit infrared radiation. The greenhouse gases then trap the infrared radiation, 
thus warming the atmosphere (Source: Philippe Rekacewicz, UNEP/GRID-Arendal http://www.grida.
no/graphicslib/detail/greenhouse-effect_156e).
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Sea  ice  plays  an  important  role  in  reducing  the  ocean-‐‑atmosphere  exchanges  of  heat,  

-‐‑

-‐‑

beyond.

2010).  Enhanced  heat  storage  occurs  in  the  ice-‐‑free  regions  of  the  Arctic  Ocean  and  heat  

-‐‑

Figure 2-3 Arctic sea ice extent. Satellite imagery of sea ice extent in September 1979 (outlines in 
red), and at a record low in September 2007 (Source: NASA).
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-‐‑

increasing  loss  of  the  great  polar  ice  sheets  in  Greenland  and  Antarctica  could  result  in  

global  mean  sea  level  rise  of  substantially  more  than  1  meter  above  present  day  sea  level  

predict   that   reductions  may  actually  happen  more   rapidly   than  previously   indicated.  

-‐‑

2.4 Salinity

Salinity   refers   to   the  salt   content  of   the  oceans.  Contributors   to   salinity  are   terrestrial  

-‐‑

present.  Ocean   salinity   changes   are   an   indirect   but   potentially   sensitive   indicator   for  

may  function  as  a  proxy  for  identifying  climate-‐‑driven  changes  in  the  Earth’s  hydrologi-‐‑

-‐‑

period.  Despite  an  overall  increase  in  salinity  for  the  Atlantic,  studies  conducted  in  the  

One  of  the  main  reasons  for  this  is  the  melting  of  Arctic  sea  ice  and  the  resulting  fresh-‐‑

in   the  Gulf   of  Maine   is   increased  precipitation.  Many   climate  models  predict   that   all  

-‐‑



16 OCEANS AND MARINE RESOURCES IN A CHANGING CLIMATE

-‐‑

climate-‐‑related   increases   in  precipitation  and  glacial  melt,  ocean  circulation  may  begin  

climate.

2.5 Stratification

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑
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-‐‑

-‐‑

2.6 Changes in Precipitation and Extreme Weather Events

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

Winds

-‐‑

-‐‑

-‐‑

-‐‑
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incidence  of  hypoxic  and  anoxic  events  (see  Section  2.11).  

Precipitation 

coastal  and  marine  systems  (see  Section  2.5).  

Storms 

satellite  observations  that  began  in  approximately  1970  complicate  the  detection  of  long-‐‑

Sea  surface  temperatures  are  related  to  the  maximum  potential  intensity  of  tropical  

-‐‑
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-‐‑

-‐‑

evidence  of  this  theory.  Moreover,  because  current  climate  models  do  not  include  these  

processes,  the  role  of  hurricane-‐‑induced  mixing  in  the  ocean  on  currents  and  the  ther-‐‑

and  coastal   ecosystems,   storm  activity   is   expected   to   increase   in   the  Aleutian   Islands  

-‐‑

Figure 2- 4 This image was created from AMSR-E data on NASA's Aqua satellite and shows a 3-day 
average of actual sea surface temperatures (SSTs) for the Caribbean Sea and Atlantic Ocean from 
August 25–27, 2005. 80 degrees Fahrenheit is necessary to maintain hurricanes, during this time 
period the Gulf of Mexico up to the coast of North Carolina averaged 82 degrees Fahrenheit or above 
(Source: NASA Goddard's Scientific Visualization Studio).
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impact  larger  regions  (Overland  et  al.,  2011).  

-‐‑

to  strong  storms,  (3)  storm  surge  has  historically  been  responsible  for  the  greatest  loss  

-‐‑

pected  rise   in  sea   level   (for  more   information  please  see  Coastal   Impacts,  Adaptation  

-‐‑

on  Coasts).

2.7 Ocean Circulation

ocean  surface  are  responsible  for  global  ocean  circulation,  mixing,  and  the  formation  of  

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

circulation  may  be  an  increase  in  sea  level  rise  as  a  result  of  circulation-‐‑induced  pressure  



Climate-Driven Physical and Chemical Changes in Marine Ecosystems               21

The  “garbage  patches”  are  areas  of  marine  debris  

-‐‑

What’s In a Name? 

The  name  “garbage  patch”  is  a  misnomer.  No  is-‐‑

land  of  trash  forms  in  the  middle  of  the  ocean  nor  

-‐‑

al  photographs.  Instead,  much  of  the  debris  found  

seen  easily  from  a  boat.  

Eastern and Western Patches

•      –   Concentrations   of  

marine   debris   have   been   noted   in   an   area  

not   a   stationary   area,   but   one   that   rotates,  

moves,  and  changes.  

•      –   Another   area   of  

it   to   be   a   small   recirculation   gyre   (ocean  

feature   made   up   of   currents   that   spiral  

Impact of Climate Change

•   Floatable   marine   debris   from   land-‐‑   and  

ocean-‐‑based   sources   (e.g.,   tiny   pieces   of  

plastic)   enter   the   marine   environment  

the   ocean.   The   number   of   intense   storms  

capable  of  this  action  is  predicted  to  increase  

•   Ocean   currents   and   atmospheric   condi-‐‑

marine   debris;   changes   in   current   location  

and  strength  may  result  in  more  or  less  con-‐‑

climate  change  on  these  processes  is  uncer-‐‑

tain  (Section  2.7).  

Case Study 2-A
The "garbage patches"

This map shows the locations 
of the eastern and western 
"garbage patches.” Keep 
in mind that this is an over 
simplification of the constantly 
moving and changing features 
of the North Pacific Ocean. 
Source: NOAA



22 OCEANS AND MARINE RESOURCES IN A CHANGING CLIMATE

is  predicted  as  a  result  of  thermal  expansion  and  glacial  melt  (Yin  et  al.,  2010).  Thus,  the  

-‐‑

sen  due  to  the  amount  information  available  related  to  climate  change  impacts.  Addi-‐‑

changes  in  behavior  as  a  result  of  climate  change,  but  the  information  on  those  currents  

-‐‑

cluded  in  the  2017  report.  

California Current

-‐‑

-‐‑

Can It Be Cleaned Up? 

-‐‑

-‐‑

lenge  because:  

•   Concentration  areas  move  and  change  

throughout  the  year  

•   These  areas  are  typically  large

•   The   marine   debris   is   not   distributed  

evenly  in  these  areas

•  

•   Most   of   the   marine   debris   found   in  

these  areas  is  small  bits  of  plastic

This   all   adds   up   to   a   bigger   challenge  

than  even  sifting  beach  sand  to  remove  bits  

-‐‑

rine  debris  concentrates  so  does  marine  life.  

if  not  conducted  carefully,  clean-‐‑up  may  result  in  

more  harm  than  good  for  marine  life.  

Image of marine debris on a coral reef. Source: NOAA

Case Study 2-A (Continued)
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-‐‑

-‐‑

et  al.,  2005).

Gulf Stream

The  Gulf  Stream  transitions  from  the  Gulf  of  Mexico,  passes  through  the  Straits  of  Flor-‐‑

the  Atlantic   over   the  next   several  decades.  The  Gulf   Stream   is   one   component  of   the  

-‐‑

ent  created  by  the  Gulf  Stream  (Kelly  et  al.,  1999).  For  example,  an  anomalously  high  sea  

-‐‑

and  surface  air  temperatures  throughout  the  northern  hemisphere.  The  long-‐‑term  varia-‐‑

2.8 Climate Regimes

-‐‑

ior  of  the  physical  environment,  such  as  persistent  increases  in  ocean  and  atmospheric  

temperatures  or  shorter-‐‑term  perturbations  related  to  climatic  events.  These  shifts  have  
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-‐‑

oscillations  over  varying   time  scales  creates  challenges   for  climate  prediction  models,  

Establishing  a  clear  set  of  considerations   for  assessing  uncertainty   in  regional  climate  

change  impacts  assessments  is  vital  for  enabling  an  informed  response  to  potential  cli-‐‑

in  climate  regime  shifts.

-‐‑

North Atlantic Oscillation (NAO)

al.,   2003).  When   the  NAO   index   is   high   (positive  NAO  state),   precipitation   increases  

-‐‑

and  Deser,  2010).  Although  the  NAO  index  varies  from  year-‐‑to-‐‑year,  it  also  exhibits  a  

tendency  to  remain  in  one  phase  for  intervals  lasting  more  than  a  decade.  An  unusually  

indicates  that  the  strength  of  its  variability  is  increasing  as  phases  are  becoming  more  

strongly  positive  and  negative  (Rind  et  al.,  2005).  

Pacific Decadal Oscillation (PDO)

-‐‑
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-‐‑

tion  near  the  coast  (King  et  al.,  2011).  The  opposite  occurs  during  the  negative  phase.  

Overland  and  Wang   (2007)   suggest   that  under   the  A1B   (middle   range)  CO
2
  emission  

Establishing   a   clear   set   of   considerations   for   as-‐‑

sessing  uncertainty  in  regional  climate  change  im-‐‑

pacts  assessments  is  vital  for  enabling  an  informed  

oceans.   Global   climate   model   simulations   are   a  

on   multi-‐‑decadal   to   century   time   scales.   Climate  

model  outputs  are  routinely  used  in  a  variety  of  cli-‐‑

mate  change  impact  studies  and  assessment  prod-‐‑

a  number  of  global  climate  model  limitations  must  

-‐‑

sessing  uncertainty  in  regional  climate-‐‑marine  eco-‐‑

1.   The  spatial  resolution  of  most  global  climate  

models   is   coarse.   At   regional   scales,   model  

scale   radiative   and   circulation   changes   and  

may  not  capture  the  impact  of  unresolved  re-‐‑

-‐‑

cantly  alter  broad-‐‑scale  trends.

2.   Changes   in   climate   are   driven   by   changes  

in  radiative   forcing  arising  from  greenhouse  

gases,   aerosols,   and   other   factors   (often   re-‐‑

ferred  to  as  the  “forced  change”)  and  internal  

climate  variability.  Climate  variability  is  often  

-‐‑

3.  

on   the   direction   and   magnitude   of   multi-‐‑

decadal  changes  in  many  climate  variables  at  

continental   scales   and   above,  disagreements  

are  common  at  smaller  spatial  and  temporal  

scales.  Consideration  of  “inter-‐‑model  spread”  

is   essential   for   establishing   uncertainty   in  

regional   biases.   Although   progress   can   be  

made   using   simple   bias   corrections,   these  

long  observational  records  to  establish  mean  

climate  conditions.

only  part  of  the  challenge.  To  assess  the  ecosystem  

similar   to   climate  models,   according   to   their   reli-‐‑

ance  on  fundamental  ecological  and  physiological  

principles  expected  to  be  robust  as  climate  changes,  

and   according   to   their   ability   to   match   past   ob-‐‑

served  ecological  changes.  

Continuing   developments   in   climate   and   eco-‐‑

-‐‑

scribed   above   and   improve  our  understanding  of  

existing  tools  and  understanding  have  progressed  

-‐‑

informed  by  applications  of  present  tools.

Provided  by  Dr.  Charles  Stock,  NOAA

Case Study 2-B
Assessing confidence in regional climate ecosystem projections
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El Niño/Southern Oscillation (ENSO)

-‐‑

in  ocean-‐‑atmosphere  exchange  controls  year-‐‑to-‐‑year  ENSO  variability  and  one  or  more  

of  the  physical  processes  responsible  for  determining  the  characteristics  and  global  im-‐‑

documented  in  the  central  California  Current  region  during  El  Niño  years  (Bograd  et  

circulation  in  the  proximity  of  the  southern  California  coast  has  occurred  during  the  lat-‐‑

-‐‑

understanding  of  the  impact  of  climate  change  on  many  of  the  processes  that  contribute  

et  al.,  2010).

2.9 Carbon Dioxide Absorption by the Oceans

The   annual   accumulation   of   atmospheric   CO
2
   has   been   increasing   and,   in   2010,   the  

overall  CO
2

-‐‑

dustrial  Revolution  in  1750  (IPCC,  2007a).  The  IPCC  indicates  that  reducing  the  CO
2
  de-‐‑

in  extreme  global  changes  (IPCC,  2007a).  CO
2
  reductions  can  be  achieved  both  through  

reducing  anthropogenic  sources  of  CO
2
  and  supporting  CO

2

-‐‑

-‐‑

2  

50   times  more  CO
2

2
-‐‑

sorb  more  CO
2
  than  they  release  but  CO

2

2

2
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2
  is  absorbed  (see  Section  2.10),  

2
  

-‐‑

ments,  coastal  seagrasses,  tidal  marshes,  and  mangroves.  When  degraded  or  disturbed,  

these  systems  release  carbon  dioxide  into  the  atmosphere  or  ocean.  Currently,  carbon-‐‑

rich  coastal  ecosystems  are  being  degraded  and  destroyed  at  a  global  average  2  percent  

-‐‑

2005  (Giri,  2010;  Spaulding  et  al.,  2010).  Carbon  continues  to  be  lost  from  the  most  organ-‐‑

ic  soils  in  coastal  areas.  For  instance,  analysis  of  the  agricultural  soils  of  Sacramento’s  

CO
2
  at  rates  of  5  to  7.5  million  tCO

2

leading  to  releases  of  approximately  1  billion  tCO
2

-‐‑

-‐‑

vation  and   improved  management  of   these  systems  brings  climate  change  mitigation  

-‐‑

system  management  issues  has  implications  for  future  climate  adaptation  strategies  as  

2.10 Ocean Acidification

Ocean  chemistry  is  changing  in  response  to  the  absorption  of  CO
2
  from  the  atmosphere  

2

-‐‑

mate  process,  but  instead  a  direct  impact  of  rising  CO
2
  absorption  on  ocean  chemistry.  

-‐‑

sions   regarding   both   solutions   and   adaptation   to   climate   change   often   ignore   ocean  

-‐‑

2

2

chemical  environment  (Feely  et  al.,  2010).  Carbon  occurs  naturally  and  in  abundance  in  
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dissolved  carbon  dioxide  (CO
2
CO

3 3-‐‑
),  and  

carbonate  ions  (CO
3

2-‐‑

maintain  the  ionic  charge  balance  in  the  ocean.  The  addition  of  CO
2

excess  hydrogen  ions,  and  changes  in  the  relative  concentrations  of  bicarbonate  and  car-‐‑

-‐‑

-‐‑

2
  emission  rates,  a  further  decline  in  

2009  and  Riebesell  et  al.,  2007).  

Figure 2-6 As CO2 is absorbed by the atmosphere it bonds with sea-water to form carbonic acid. This 
acid then releases a bicarbonate ion and a hydrogen ion. The hydrogen ion bonds with free carbonate 
ions in the water to form another bicarbonate ion. This free carbonate would otherwise be available to 
marine animals for making calcium carbonate shells and skeletons. (Source: NOAA).
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2

2
  

-‐‑

cause  CO
2

2
  

-‐‑

-‐‑

-‐‑

-‐‑

systems  are  not  immune  to  such  changes.  In  fact,  the  greatest  rate  of  change  in  carbonate  

rates  decline  in  proportion  to  a  changing  carbonate  mineral  saturation  state)  but  a  con-‐‑

-‐‑

Current,  it  is  naturally  rich  in  CO
2

-‐‑

2

-‐‑

product  of  many  anthropogenic  activities  such  as  shipping,  oil  and  gas  exploration,  etc.,  



30 OCEANS AND MARINE RESOURCES IN A CHANGING CLIMATE

-‐‑

acoustic  properties   are  measured  on  a   logarithmic   scale,   and  neglecting  other   losses,  

expected  from  a  doubling  of  CO
2

modeling  suggests  that,  due  to  the  complexities  of  sound  traveling  through  the  ocean,  

sound  levels  in  the  ocean  is  an  area  that  deserves  further  study.  

2.11 Hypoxia

-‐‑

Figure 2-7 Calculated saturation states of aragonite, a form of calcium carbonate often used 
by calcifying organisms. By the end of this century, polar and temperate oceans may no longer be 
conducive for the growth of calcifying organisms such as some mollusks, crustaceans, and corals. 
(Source: Feely, Doney, and Cooley, 2009).
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-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

2

2 2,  

-‐‑

ported  eutrophication-‐‑related  problems  included  hypoxia,  losses  of  submerged  grasses,  

numerous  occurrences  of  nuisance  and  toxic  harmful  algal  blooms,  and  excessive  algal  
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-‐‑

-‐‑

-‐‑

the  expected  long-‐‑term  ecological  changes  favor  progressively  earlier  onset  of  hypoxia  

each  year  and,  possibly,  longer  overall  duration  (Boesch  et  al.,  2007).  Increasing  average  

-‐‑

oxygen  consumption  and  nutrient  recycling.  

-‐‑

Figure 2-8 Relative magnitude and contribution (the larger the arrow, the larger the contribution) of 
land management practices versus climate change factors to the expansion or contraction of low-
dissolved oxygen. (Source: modified from Diaz and Breitberg, 2009).
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et   al.,   2007).  Climate  predictions   for   the  Mississippi  River  basin   suggest   a   20  percent  

average  extent  of  hypoxia  on   the  northern  Gulf  of  Mexico   shelf   (Greene  et   al.,   2009).  

In  August  1972,  scientists  found  severe  hypoxia  in  

of   this   seasonally   hypoxic   region   in   the   Gulf   of  

largest  eutrophication-‐‑related  hypoxic  area  in  the  

from  the  Mississippi/Atchafalaya  Rivers.  Because  

Dead  Zone.”

Not   surprisingly,   discovery   of   the   Dead  

cause  of  hypoxic  conditions.  Investigators  soon  

agreed   that   the  most   probable   cause   of   these  

-‐‑

-‐‑

-‐‑

trients   such   as   nitrogen   and   phosphorus   that  

-‐‑

systems.   An   overabundance   of   nutrients   can  

-‐‑

-‐‑

ganisms  in  the  system.  Excess  algae  can  reduce  

to  decompose.

southern  boundaries  of  the  Gulf  of  Mexico,  along  

Case Study 2-C
Hypoxia in the Gulf of Mexico

Algal blooms in Gulf of Mexico. Dead zones are 
areas of oxygen-depleted waters that form when 
nutrients stimulate the growth of algae blooms 
(Source: NASA).
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-‐‑

-‐‑

umn  suppressed  aeration,  created  hypoxic  condi-‐‑

-‐‑

bate  both  naturally  occurring  and  eutrophication  

-‐‑

ful   algal   blooms.   Changes   in   temperature,   pre-‐‑

ecological  changes  that  favor  progressively  earlier  

onset  and  duration  of  hypoxia  each  year.  Climate  

predictions  for  the  Mississippi  River  basin  suggest  

expected  to  increase  the  average  extent  of  hypoxia  

on  the  northern  Gulf  of  Mexico  and  result   in  the  

continued  expansion  of  the  Gulf  of  Mexico  Dead  

Zone.

These displaced surface waters are replaced by cold, nutrient-
rich water that wells up from below (Source: NOAA).

Case Study 2-C (Continued)



               35

Chapter 3 

Impacts of Climate Change on  
Marine Organisms

Executive Summary

-‐‑

to   changes   in   the   timing  of   life-‐‑history  events,   and  ecosystem  regime  shifts.  Climate-‐‑  

related  impacts  on  ocean  systems  include  shifts   in  species’  phenology  and  ranges,   in-‐‑

creases  in  species’  invasions  and  disease,  and  changes  in  the  abundance  and  diversity  

of  marine  plants  and  animals,  among  others.  Observations  and  research  have  demon-‐‑

strated  high  variability   in   the  vulnerability  and  responses  of  organisms  to  changes   in  

are  negatively  impacted,  or  “losers.”

ecosystems  and  the  nonlinear  interactions  of  multiple  stressors  on  organisms  and  eco-‐‑

systems.  Progress  is  being  made  in  forecasting  the  ecological  responses  of  ocean  systems  

-‐‑

ture,  including  potentially  novel  environments,  remains  a  challenge.

Climate  change  is  often  a  threat  multiplier,  meaning  that   it   impacts  marine  organ-‐‑

pressure.  Although  in  many  cases  these  “multiple  stressors”  are  simply  additive  in  their  

-‐‑

-‐‑

reducing  non-‐‑climatic  stressors  at  local-‐‑to-‐‑regional  scales  can  provide  an  opportunity  to  

enhance  the  resilience  of  marine  ecosystems  to  climate  change.

-‐‑

points”,  an  area  of  concern.  The  sustained,  long-‐‑term  monitoring  of  ecological  responses,  
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-‐‑

Research  is  also  needed  to  improve  understanding  of  the  processes  and  mechanisms  

-‐‑

sponses  of  marine  organisms  and  ecosystems  to  climate  change  can  provide  important  

-‐‑

-‐‑

ismal  responses  to  climate  change,  meaning  that  conclusions  regarding  responses  to  en-‐‑

vironmental  change  at  one  location  cannot  necessarily  be  used  to  predict  responses  in  

can  genetically  adapt  to  climate-‐‑driven  environmental  change  is  highly  uncertain.  

Key Findings 

•  

and  alterations  in  species  interactions,  among  others.  

•  

but  high-‐‑latitude  and  tropical  areas  appear  to  be  particularly  vulnerable.

negatively  impacted,  or  “losers”.

•  

-‐‑

species.

•   Species  such  as  corals  and  other  calcifying  organisms  that  are  exposed  to  ocean  

marine  ecosystems.

non-‐‑climatic  stressors  such  as  pollution,  overharvesting,disease    and  invasive  species.  

•   Climate-‐‑related  stressors  such  as  changes  in  temperature  can  operate  as  threat  

•   Opportunities  exist  for  ameliorating  some  of  the  impacts  of  climate  change  

through  reductions  in  non-‐‑climatic  stressors  at  local-‐‑to-‐‑regional  scales.

•   -‐‑
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•   Observed  responses  to  ongoing  environmental  change  often  vary  in  magnitude  

across  space  and  time,  suggesting  that  extrapolations  of  responses  from  one  

location  to  another  may  be  challenging.  

•  

or  “tipping  points”,  that  could  result  in  rapid  ecosystem  change  are  a  particular  

area  of  concern.

Key Science Gaps/Knowledge Needs

-‐‑

-‐‑

•  

can  genetically  adapt  to  rapid  environmental  change.

•   Determine  the  cumulative  impacts  of  multiple  climatic  and  non-‐‑climatic  

•   Improve  understanding  and  prediction  of  environmental  and  ecological  condi-‐‑

tions  that  lead  to  non-‐‑linearities  and  tipping  points  in  coastal  and  marine  

ecosystems.

•   Enhance  the  development  of  spatially-‐‑explicit  predictions  of  ecosystem  

responses  to  climate  change,  particularly  for  local-‐‑to-‐‑regional  scales,  including  

estimates  of  uncertainty.  

•   Further  the  ability  to  measure  and  forecast  physical  variables  at  scales  and  reso-‐‑

lutions  that  are  relevant  to  ecological  responses.

•   Improve  understanding  and  valuation  of  climate-‐‑related  impacts  on  ocean  

ecosystem  services.

3.1 Physiological Responses

Considerable   progress   has   been   made   in   understanding   physiological   responses   of  

and  non-‐‑climate-‐‑related   stressors   interact   in   their   impacts   on  marine   organisms,   and  

that  physiological  responses  to  these  stressors  can  be  highly  variable  across  species  and  

life-‐‑history  stages.  
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-‐‑

-‐‑

ro,   2011)  and   recent   studies  have  also  begun   to  explore   the   important   impacts  of   the  

-‐‑

-‐‑

made  in  understanding  physiological  and  ecological  responses  to  climate  change,  and  in  

more  clearly  understand  the  impacts  of  the  temporally-‐‑  and  spatially-‐‑complex  changing  

environment  on  marine  organisms  and  ecosystems.  Advances  in  molecular  technology  

for  detecting  physiological  responses  of  organisms  to  stress  and  the  genetic  underpin-‐‑

-‐‑

Some  evidence  exists  for  local  adaptation  of  marine  organisms  to  high-‐‑stress  environ-‐‑

ments.  For  example,  marine  snails  on  the  Oregon  coast  experience  higher  levels  of  aerial  

southern  populations  of  the  same  species  in  California  (Kuo  and  Sanford,  2009).  Adult  

snails  in  Oregon  have  higher  thermal  tolerance  than  do  their  counterparts  at  cooler  Cali-‐‑

populations  have  genetically  adapted  to  the  more  extreme  conditions  they  experience  

adaptation  to  thermal  stress  by  corals  and  their  symbionts  may  help  reefs  to  maintain  

-‐‑
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Effects of temperature change 

-‐‑

-‐‑

-‐‑

lead  to  an  increase  in  the  metabolic  oxygen  organisms  need,  and  ultimately  to  oxygen  

-‐‑

problematic  in  the  future  as  increasing  ocean  temperatures  are  expected  to  exacerbate  

-‐‑

organisms  such  as  mammals  and  birds  must  maintain  a  relatively  constant  body  tem-‐‑

perature;  therefore,  changes  in  the  ambient  temperature  outside  of  their  preferred  range  

-‐‑

fects  can  occur.  For  example,  manatees   living   in  Florida  experience  a  cold  stress  syn-‐‑

include  emaciation,  immunosuppression,  and  increased  mortality  (Bossart  et  al.,  2002).  

-‐‑

have  negative   impacts   on   endothermic  marine   species   and   repeated  mortality   events  

resulting  from  thermal  stress  can  lead  to  population  decreases.

-‐‑

ambient  environmental  conditions.  Although  some  marine  organisms  exhibit  broad  tol-‐‑

-‐‑

diversity  because  hundreds  of  invertebrate  species  rely  on  mussel  beds  for  habitat  (Smith  

-‐‑

tiply  the  detrimental  impacts  of  climate  change  on  ocean  ecosystems  (Gedan  and  Bert-‐‑
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-‐‑

-‐‑

bleaching,”  is  not  necessarily  immediately  fatal,  but  it  can  lead  to  severe  reductions  in  

-‐‑

climate  change  and  local  stressors.  Loss  of  coral  cover  and  reef  three-‐‑dimensional  com-‐‑

-‐‑

For  some  marine  animal  species,   increasing  food  supply  can  result   in  higher  levels  of  

thermal   tolerance   (Schneider   et   al.,   2010).  Climate   change   is   expected   to   impact   indi-‐‑

vidual  nutrition  status  as  prey  species  shift  geographic  and  depth  ranges,  altering  the  

-‐‑

creased  exposure  to  unfavorable  environmental  conditions  may  exacerbate  nutritional  

Ocean acidification impacts

As  the  oceans  absorb  increasing  levels  of  atmospheric  carbon  dioxide,  chemical  reactions  
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-‐‑

-‐‑

-‐‑

Guldberg  and  Bruno,  2010).  The  higher  solubility  of  CO
2

-‐‑

species  such  as  salmon  depend  heavily  on  them  as  prey  (Fabry  et  al.,  2009).  

2
  

-‐‑

-‐‑

example,  increased  acidity  can  decrease  thermal  tolerance  of  some  marine  animals  due  

in  the  responses  of  ecologically  and  economically  important  species,  and  long-‐‑term  im-‐‑

-‐‑
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accretion  stops  at  atmospheric  CO
2

-‐‑

ble  at  atmospheric  CO
2
  levels  of  550  ppm  (Silverman  et  al.,  2009).  A  study  based  on  cores  

-‐‑

CO
2

-‐‑

2
  are  rapidly  released  into  the  atmosphere  (Zachos  

changes  in  CO
2

-‐‑

ing  a  magnitude  of  ocean  change  that  is  potentially  unparalleled  in  at  least  the  past  ~300  

-‐‑

intact  ecosystems  remain  critically  necessary  topics  for  future  research.

Commercial  bivalve  production  on  the  West  Coast  

-‐‑

ter  hatcheries  providing  most  of  the  seed  used  by  

-‐‑

-‐‑

al   strain   on   the   limited   seed   supply.   Potential  

-‐‑

-‐‑

pect  elevated  CO
2
  as  the  culprit  and  sent  samples  

Marine  Environmental  Laboratories  for  analyses.  

Case Study 3-A
Ocean acidification impacts on the oyster industry
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Bay.   In   addition,   larval   oysters   are   strongly   sen-‐‑

-‐‑

shell  material  consists.

-‐‑

responds   to   atmospheric   CO
2
   levels   predicted  

thus  serve  as  a  “canary  in  the  coal  mine”  for  other  

2
   levels  have  not  yet  

delayed   response   to   carbonate   chemistry   during  

Why   are   oyster   larvae   so   dependent   on   the  

from  having  no   shell   at   all   to  having   70  percent  

of   their   mass   consist   of   shell   mineral   material.  

During   this   period,   they   depend   on   carbonate  

reserves   for   shell   carbon.   In   addition,   lipid   (i.e.,  

fat)   reserves   are   severely   depleted,   highlighting  

the  need  for  additional  energy  during  this  critical  

Together,  these  results  paint  a  picture  of  larval  

development   that  depends  on   favorable  ambient  

conditions  during  critical  and  energetically  expen-‐‑

not  express  themselves  clearly  until  later  in  the  or-‐‑

operations  for  favorable  conditions  and  even  con-‐‑

CO
2
  levels  rise.    

Relative larval production 
at Whiskey Creek Shellfish 
Hatchery in response to the 
favorability of ambient waters 
with respect to aragonite ( A). 
Relative production is positive 
when growth exceeds mortality; 
in the waters adjacent to the 
Hatchery, this condition is met 
at A ~1.7, corresponding to a 
pCO2 of ~450 µatm. Reproduced 
from Barton et al., 2012

Case Study 3-A (Continued)
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Exposure to toxicants 

Toxicants  are  poisonous  substances  that  can  be  produced  by  organisms  (i.e.,  biotoxins),  

released  from  geologic  stores  such  as  heavy  metals  and  some  hydrocarbons,  or  result  

from  a  variety  of  anthropogenic  sources  such  as  persistent  organic  pollutants,  petroleum  

change  can  alter  toxicant  exposure  levels  for  marine  organisms  through  changes  in  the  

other  toxins.  Climate-‐‑related  changes  can  also  occur  through  alterations  in  ocean  cur-‐‑

estuaries.  Additionally,  changes  in  feeding  ecology  can  propogate  toxicants  throughout  

-‐‑

-‐‑

-‐‑

Effects on life history tradeoffs and larval dispersal 

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

temperature  may  alter  these  oscillations  and  therefore  the  relative  abundance  of  these  

species  in  the  future.

Phenology,  the  timing  of  annual  life-‐‑history  events  such  as  migration  and  breeding  

can  provide  valuable  insight  into  the  impacts  of  climate  change.  Thermal  stress  has  been  

-‐‑

-‐‑
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-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

1997;  Kristiansen  et  al.,  2011).  Larval  stages  of  some  marine  organisms  are  more  vulner-‐‑

-‐‑

3.2 Population and Community Responses

There   is  strong  evidence  that  climate-‐‑driven  changes   in  environmental  conditions  are  

-‐‑

-‐‑

are  highly  variable  due  to  the  impacts  of  local  environmental  conditions  including  non-‐‑

-‐‑

and  predation.  In  addition,  strong  evidence  indicates  that  many  marine  species  appear  

Collectively,  these  impacts  are  leading  to  observed  changes  in  community  composition  

and  ecosystem  processes.  Exploring  the  relative  sensitivity  of  marine  species  and  their  

Primary productivity

Marine  primary  productivity  by  both  microscopic  and  macroscopic  photosynthetic  or-‐‑
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also   provide   nearshore   habitat   and   food   sources   to   a   diversity   of  marine   organisms.  

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

future  climate  change  scenarios.  On  a  global  scale,  a  recent  study  suggested  that  the  past  

et  al.,  2011).  Primary  productivity  in  the  central  and  southern  California  Current  System  

-‐‑

climate  change  and  marine  primary  productivity.

-‐‑

increased  in  duration,  number,  and  species  diversity  over  the  past  three  decades  (Ander-‐‑

-‐‑

matically  under  high  CO
2

the  red  tide  organism  Karenia  brevis
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2009).  Although  brevetoxin  exposure  increases  during  K.  brevis  blooms,  the  persistence  

are  unclear  (Fire  et  al.,  2007).  Domoic  acid,  a  potent  neurotoxin  produced  by  the  diatom  

-‐‑

-‐‑

toxins  on  marine  organisms  and  humans.  

Blooms  of  “nuisance”  macroalgae  may  shade  out  other  benthic  primary  producers,  

either   seagrasses  or  perennial  macroalgae,   and  negatively   impact   coral   reefs   through  

-‐‑

Many  mechanisms  are  potentially  responsible  for  the  expansion  of  algal  blooms  into  

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑
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-‐‑

-‐‑

together,  resulting  in  an  alternative  habitat  state  (e.g.,  the  formation  of  sea  urchin  bar-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

2
-‐‑

2
  may  be  particularly  

sensitive  to  increases  in  CO
2

-‐‑

nity  for  future  research.

Shifts in species distribution

Analyses  of  shifts  in  species  distributions  have  demonstrated  that  marine  systems  ap-‐‑

-‐‑

mate-‐‑related  shifts  often  occur  at  range  boundaries,  but,  due  to  the  importance  of  local  
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Corals   and   macroalgae   are   the   dominant   com-‐‑

petitors   for   primary   space   on   many   coral   reefs.  

-‐‑

indirectly   by   substances   released   by  macroalgae  

-‐‑

-‐‑

-‐‑

-‐‑

human   activities   tend   to   shift   the   competitive  

balance   in  favor  of  macroalgae  at   the  expense  of  

-‐‑

-‐‑

als.  On  many  reefs,  these  processes  have  already  

or   gradual,   from   coral-‐‑dominated   reefs   to   algal-‐‑

amplify  the  impacts  of  these  non-‐‑cli-‐‑

matic   stressors   on   corals.  The  dino-‐‑

sensitive   to   slight   increases   in   tem-‐‑

perature  than  are  the  macroalgae  that  

are  commonly  found  on  reefs.  Coral  

2007).  Even  if  corals  do  survive,  they  

may  succumb  to  disease  after  expe-‐‑

riencing  thermal  stress;  for  example,  

living  coral  cover  died  from  diseases  (Miller  et  al.,  

-‐‑

-‐‑

ing  and  pollution   is   the  best   short-‐‑term   strategy  

for   increasing   coral   resilience   to   climate   change  

that  reefs  remote  from  local  human  impacts,  such  

as  the  uninhabited  Northern  Line  Islands  that  are  

-‐‑

tional  Monument,   still   remain   relatively   healthy  

-‐‑

severely  compromise   the  ability  of  corals   to  out-‐‑

Case Study 3-B
Shifting interactions between corals and macroalgae

Overgrowth of coral by the alga Boodlea in Hawaii (Photo 
Credit: NOAA).
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et  al.,  2011).  Forecasts  of   future  responses  to  climate  change  based  on  observations  of  

indicated  above  (see  Section  3.1),  the  pace  and  precise  location  of  these  changes  remain  

-‐‑

fects  of  these  changes  on  interacting  organisms,  the  spatial  and  temporal  heterogeneity  

-‐‑

ing  conditions  (Denny  et  al.,  2009;  Nye  et  al.,  2011;  Sagarin  and  Gaines,  2002;  Sanford  

and  Kelly,  2011).

-‐‑

-‐‑

-‐‑

Kelletia  kelletii   in  California  dem-‐‑

-‐‑

rennial  species,  such  as  barnacles  and  mussels,  to  annual  native  and  invasive  species.  A  

of  climate  change  on  larval  dispersal  due  to  changes  in  currents  and  alterations  in  the  

timing  of  reproduction  may  lead  to  shifts  in  species  distributions.  

-‐‑

-‐‑



Impacts of Climate Change on Marine Organisms                51

-‐‑

-‐‑

-‐‑

-‐‑

havior  resulting  from  shifting  prey  distribution  and  abundance.  Arctic  regions  are  par-‐‑

result  of  high  ocean  temperatures  (Springer  et  al.,  2007).  In  the  same  region,  reduced  sea  

-‐‑

-‐‑

bution  for  coastal  and  marine  systems  (Sorte  et  al.,  2010b).

Marine diseases

-‐‑

to  have  marine  counterparts.  The  impacts  of  climate  change  on  disease  emergence  and  
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-‐‑

tion  of  individuals  carrying  disease  vectors,  introductions  from  terrestrial  systems  into  

marine  environments,  impacts  to  pathogen  ability  to  reproduce,  and  increased  environ-‐‑

mental  stress  that  leads  to  increased  susceptibility  of  hosts  to  infection  (Mills  et  al.,  2010).

by  climate  change.  In  some  cases,  these  changes  could  limit  disease;  in  other  cases,  dis-‐‑

et  al.,  1999).  Pathogens,  including  macro-‐‑  and  micro-‐‑parasites,  are  in  a  constant  state  of  

interactions  as  either   the  host  becomes  more   susceptible   to  disease  or   the  pathogen’s  

virulence   increases.  Variations   in  species’  ranges  may  alter  pathogen  distribution  and  

-‐‑

sponsible  for  the  enhanced  survival  of  certain  marine  Vibrio

Pathogens  novel   to  marine  organisms  can  enter  coastal  and  oceans  systems  as   ter-‐‑

Sarcocystis  neurona,  a  

al.,  2010b).  In  addition,  the  emergence  and  pathogenesis  of  the  disease  leptospirosis  has  

The  impacts  of  climate  change  on  future  rates  of  marine  disease  are  uncertain.  Chang-‐‑

es  in  environmental  conditions  may  lead  to  range  shifts  of  macro-‐‑  and  micro-‐‑parasites,  

contain  barriers  to  the  spread  of  disease  through  ecological  interactions  such  as  competi-‐‑

-‐‑

plete  various  stages  of  their  life  cycle  are  particularly  sensitive  to  climate  change  because  
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in  non-‐‑climatic   stressors  provided  by  protected  areas  may  potentially   reduce  disease  

ability   to  predict   future  climate-‐‑related  changes   in   infection  prevalence  and  intensity,  

-‐‑

-‐‑

provide  insight  into  current  and  future  impacts  of  climate  change  on  marine  diseases.  

The   emergence   and   pathogenesis   of   a   serious  

emerging   human   and   animal   disease,   leptospi-‐‑

Lep-‐‑

tospira -‐‑

years,  this  disease  has  re-‐‑emerged  

have  been  noted.   Increased   lepto-‐‑

increases   in   precipitation   and  

-‐‑

ber   of   reported   cases   of   leptospi-‐‑

months  of  the  year  (Gaynor  et  al.,  

Leptospirosis   is   endemic   in   California   sea   li-‐‑

-‐‑

over  300  sea   lions  died  along   the  central  Califor-‐‑

the   coasts   of   Oregon,   Washington,   and   British  

Case Study 3-C
Leptospirosis disease in California sea lions

California sea lion being treated for leptospirosis at The 
Marine Mammal Center, Sausalito, California (Photo: The 
Marine Mammal Center).
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Invasive species

centuries   and   species   introductions   have   been   documented   in  most  marine   habitats  

-‐‑

drivers  have  also  been  reported  (Firth  et  al.,  2011;  Reid  et  al.,  2007).  In  addition,  climate  

in  as-‐‑of-‐‑yet  uninvaded  habitats  (de  Rivera  et  al.,  2011).  For  example,  climate  change  is  

that  the  number  of  species  capable  of  invading  the  polar  region  may  be  limited  (Sigler  

movement  for  the  introduced  Asian  green  mussel,  Perna  viridis,  may  be  currently  lim-‐‑

-‐‑

sea   lions   either   die   at   sea   or   are   stranded   on  

-‐‑

creased  disease  transmission  to  terrestrial  animals  

can  occur.  Leptospira  bacteria  has  been  found  to  

-‐‑

ies,  thereby  increasing  the  possibility  of  transmis-‐‑

sion  of  the  bacteria  to  domestic  animals,  terrestrial  

et  al.,  2009;  Zuerner  et  al.,  2009).  Recent  informa-‐‑

chronic,  or  “inapparent,”  carriers  of    Leptospirosis  

and  that  the  seasonal  movements  of  these  animals  

may  contribute  to  the  geographical  spread  of  the  

disease  (Zuerner  et  al.,  2009).  In  the  future,  the  ex-‐‑

posure   to   and   incidence   of   leptospirosis   in   both  

humans   and   marine   mammals   may   increase   in  

response  to  the  combination  of  human  population  

populations  and  expansions  of  the  ranges  of  ma-‐‑

rine  mammals  and  changes  in  environmental  con-‐‑

2010).

Case Study 3-A (Continued)
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temperature  tolerance  ranges  than  their  native  counterparts  (Abreu  et  al.,  2011;  Braby  

2002a).  Climate-‐‑mediated  invasions  and  range  shifts  may  also  alter  species  interactions  

-‐‑

threat  to  the  persistence  and  interactions  of  native  marine  species  in  a  changing  climate.  

Protected species 

species  such  as  marine  mammals,  sea  turtles  (Case  Study  3-‐‑D),  and  sea  birds,  and  these  

to  be  primarily  due   to   shifts   in  productivity  and  prey  availability,   changes   in   critical  

shifts  in  coastal  currents  (see  Section  2).  Climate  change  is  a  challenge  for  the  sustainable  

2007;  Wassmann  et  al.,  2011).  

-‐‑

-‐‑

stages.  For  example,  marine  turtles  may  cross  entire  ocean  basins  throughout  their  life-‐‑

times  and  can  occupy  diverse  habitats  such  as  sandy  beaches,  mangroves,  and  seagrass  

-‐‑

-‐‑

-‐‑
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phenology  of  protected  seabirds  (Bertram  and  Kaiser,  1993;  Chastel  et  al.,  1993;  ,  Grémil-‐‑

let  and  Boulinier,  2009;  Montevecchi  and  Myers  1997).  For  example,  declines  in  oceanic  

-‐‑

cent  reduction   in   the  survival  of  red-‐‑footed  booby  and  red-‐‑tailed  tropicbird  eggs  and  

-‐‑

The  common  murre  has  also  exhibited  a  declining  trend  in  reproductive  success  in  the  

-‐‑

-‐‑

-‐‑

-‐‑

son  et  al.,  2011;  Kovacs  et  al.,  2010;  Thomas  and  Laidre,  2011;  Wassman  et  al.,  2011),  and  

densities   than  normal.   Similar   impacts   are  occurring   for  pinnipeds;  harbor  porpoises  

are  appearing  in  northern  areas  and  harp  seals  are  being  sighted  in  northern  locations  

-‐‑

-‐‑

2005).   Polar   bears   are   spending  more   time   on   land,   resulting   in   declines   in   survival,  

-‐‑

resting  platforms  (Kovacs  et  al.,  2010).  These  examples  illustrate  some  of  the  challenges  

facing  marine-‐‑protected-‐‑species  managers  in  a  changing  climate.

3.3 Ecosystem Structure and Function

-‐‑
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A   great   deal   of   uncertainty   remains   regarding  

-‐‑

ent   geographic   regions   during   their   various   life  

exploit   their   environment   for   food   as   compared  

to  adults  in  their  species,  and  as  such,  are  consid-‐‑

ered  more  susceptible   to  oceanographic  variabil-‐‑

that   the  number  of   turtles   that   reach   sexual  ma-‐‑

turity   is   strongly   correlated   to   ocean   conditions  

particular,   the   Atlantic   Multidecadal   Oscillation  

2011).  When  prey   items   are   scarce,  mortality   in-‐‑

loggerhead   nesting   counts   over   the   past   several  

-‐‑

amined  potential  impacts  of  future  climate  change  

-‐‑

-‐‑

ger   than   average   Gulf   Stream   current,   helping  

leading  to  increased  productivity  and  population  

perform  best  under  anomalously  cold  conditions.  

Therefore,  available  climate  data  indicate  the  po-‐‑

-‐‑

Case Study 3-D
Loggerhead turtles and climate change

Adult loggerhead turtle (Photo: Sarah Dawsey) and juvenile loggerhead turtle (Photo: 
Steve Hillebrand).
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species  distributions  and   interactions  are   also  beginning   to   create  novel,   “no-‐‑analog”  

environmental   change   in   the   future.  Although  progress   is   being  made   in   forecasting  

marine  communities  present  additional  uncertainty  and  challenges  for  natural  resource  

-‐‑

-‐‑

Species interactions and trophic relationships

of  species  interactions,  including  competition,  predation,  parasitism,  and  mutualism  (re-‐‑

Environmental  change  can  alter  an  organism’s  physiology  and  behavior  and,  there-‐‑

-‐‑

perature  and  chemistry  can  alter  the  per  capita  feeding  rate  of  an  individual  consumer  

stress  on  predators  and  their  prey  can  lead  to  altered  species  interactions  (Yamane  and  

Gilman,  2009);   for  example,  due  to  temperature-‐‑related  changes   in  metabolism,  expo-‐‑

mussel   prey   (Sanford.   1999)   until   temperatures   exceed   thermal   optima   and   feeding  

conditions  (Large  et  al.,  2011).

Climate  change  alters  species  interactions  via  changes  in  the  population  density  of  

-‐‑

ing   increases   or  decreases   in  population   abundance   can   trigger   chains   of   indirect   ef-‐‑

-‐‑

disproportionately  to  maintaining  community  structure  and  ecosystem  function  (Paine,  

1992);  for  example,  the  salt  marsh  grass  Spartina  patens  reduces  salinity  stresses  acting  
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-‐‑

these  interactions  are  sensitive  to  environmental  conditions,  they  may  act  as  “leverage  

-‐‑

Climate-‐‑related  shifts   in   the  geographic  distribution  of  marine  species  are  altering  

2010b).  Analogous  shifts  in  the  vertical  distribution  of  sessile  intertidal  species  have  in-‐‑

-‐‑

-‐‑

part  et  al.,  2003).  Climate-‐‑related  shifts  in  species  dominance  have  also  been  observed  

-‐‑

-‐‑

complex  responses  of  marine  species  to  environmental  disturbance  improves  and  cou-‐‑

pled  biophysical  models  of  marine  ecosystems  become  available,  the  ability  to  predict  

near-‐‑term,  observations  and  monitoring  systems  provide  the  best  method  of  detection  

-‐‑

-‐‑

-‐‑

model  complex  ecosystem  responses  to  climate  change.  
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Biodiversity

The  accelerating  changes  in  species  distributions  resulting  from  climate  change  and  as-‐‑

in  the  composition  and  diversity  of  marine  communities,  leading  to  the  potential  for  eco-‐‑

through  initiatives  such  as  the  Census  of  Marine  Life  (Fautin  et  al.,  2010)  in  order  to  gain  

baseline   understanding   and  monitor   changes   through   time.  Climate-‐‑related  distribu-‐‑

tion  shifts  have  already  altered  community  composition  and  biodiversity  of  many  sys-‐‑

and  Veit,  2003).  These  changes  in  community  composition  are  a  function  of  both  local  

corresponded  to  gradual  shifts  from  the  mussel-‐‑dominated  communities  typical  of  such  

-‐‑

2
  seeps,  cal-‐‑

-‐‑

-‐‑

also  support  the  hypothesis  that  marine  biodiversity  increases  ecosystem  stability  and  

-‐‑

-‐‑

tems,  including  impacts  on  resilience,  stability,  and  the  provisioning  of  the  ecosystem  

loss  of  biodiversity  reduces  ecosystem  productivity  and  stability  (Cardinale  et  al.,  2011;  

If  species  cannot  migrate  or  adapt  to  a  changing  environment,  they  face  local  or  even  
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degrades  their  preferred  habitats  and  invasions  occur  from  temperate  regions.  For  ex-‐‑

diversity  and  appear  to  have  driven  certain  species  locally  extinct  (Smith  et  al.,  2011).  

Quantitative  estimates  of  species  losses  based  on  historical  comparisons,  measured  

-‐‑

(Purvis   et   al.,   2000),   but   changing   climate   has   contributed   to   several  mass   extinction  

-‐‑

mate  is  expected  to  exacerbate  the  impacts  of  these  other  drivers  in  the  coming  century  

3.4 Regime Shifts and Tipping Points

As  a  result  of  environmental  and  ecological  complexity  in  response  to  climatic  and  non-‐‑

climate   stressors,   rapid   changes   in   ecosystem   structure   and   function   are   a   particular  

area  of  concern.  Evidence  of  rapid  phase,  or  regime,  shifts   is  emerging  across  diverse  

gradually  and  continuously  to  changes   in  environmental  conditions  until  a  particular  

et  al.,  2001,  2009).   In  many  instances,   these  “replacement”  assemblages  are   less  desir-‐‑

ecological,   economic,   and  human   social   systems   (Mumby   et   al.,   2011b).   Systems   that  

and  are  therefore  more  susceptible  to  climate-‐‑related  regime  shifts  and  tipping  points  

Bay,  eelgrass  (Zostera  marina)  died  out  almost  completely  during  the  record-‐‑hot  sum-‐‑

mers  of  2005  and  2010,  evidently  because  too  many  days  exceeded  the  species’  tolerance  
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(Lindsay  and  Zhang,  2005).  Coral  reefs  are  undergoing  rapid  phase  shifts  from  coral-‐‑

dominated   to  macroalgal-‐‑dominated   systems   (Case   Study   3-‐‑B)  due   to   a   combination  

-‐‑

have  recently  emerged  as  a  novel  phenomenon  due  to  changes  in  the  timing  and  dura-‐‑

indicates  that  reducing  non-‐‑climatic  stressors  such  as  overharvesting  and  pollution  can  

-‐‑

or  to  the  overall  condition  of  a  marine  system  in  

-‐‑

tive  Impact  Assessments  are  designed  to  provide  

-‐‑

-‐‑

-‐‑

some   locations,   non-‐‑climatic   stressors   represent  

the   dominant   impact   (e.g.,   land-‐‑based   stressors:  

In  each  of   the  regional  assessments   that  have  

-‐‑

in  driving  overall  impacts  to  marine  systems.  For  

can  dominate  impacts  over  global  sources;  for  ex-‐‑

-‐‑

and   can   therefore   be   addressed   in   part   through  

2011).   Climate-‐‑related   increases   in   precipitation  

-‐‑

-‐‑

hypoxia   is   increasing   (CENR   2010,  Doney   et   al.,  

2012).

Case Study 3-E
Cumulative impacts assessment
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Cumulative impact map of 25 different human activities on 19 different marine ecosystems within 
the California Current and impact partitioned into climate change impacts alone (n = 3 layers) and 
other stressors (land-based sources of stress (n = 9 layers), all types of fishing (n = 6 layers), and 
other ocean- based commercial activities (n = 7 layers). Figure adopted from Halpern et al., 2009b.

Case Study 3-E (Continued)
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Chapter 4

Impacts of Climate Change on Human 
Uses of the Ocean and Ocean Services

Executive Summary

-‐‑

climate  change.

-‐‑

-‐‑

-‐‑

-‐‑

ism,  human  health,  maritime  security,  transportation,  and  governance.

-‐‑

-‐‑

-‐‑

indirect   climate   impacts   on  productivity   and   location;   others   stem   from   impacts   that  

-‐‑

-‐‑

tions  are  shifting;  for  others,  climate-‐‑induced  shifts  in  marine  ecosystems  have  brought  
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-‐‑

-‐‑

ful   algal   blooms   that   can   extend   the   spatial   or   temporal   scope   of   a   bloom  or   release  

Species  cultured   in   temperate  regions,  predominantly  salmon  and  cod  species  have  a  

to  the  salmon  farming  sector  (DeSilva  et  al.,  2009).  On  the  other  hand,  certain  aspects  of  

climate  change  and  industry  reaction  to  these  changes  involves  an  even  larger  number  

-‐‑

critical  factors  include,  but  are  not  limited  to,  geographic  location;  local,  regional,  and  

international  policies  and  regulations;  the  industry’s  standards  of  ethical  practice;  and  

-‐‑

travel  and  recreational  total  sales  are  supported  by  tourism  (OTTI,  2011a,  b).  In  addition,  

-‐‑

-‐‑

man  vulnerability  and  sensitivity  in  the  future  (McGeehin,  2007).  These  include,  but  are  

-‐‑
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Finally,  security,  transportation,  and  governance  issues  are  also  at  play  in  terms  of  

the  future  of  ocean  governance,  including  marine  resource  and  ecosystem-‐‑based  man-‐‑

accessibility  in  the  Arctic.  National  security  concerns  and  threats  to  national  sovereignty  

-‐‑

-‐‑

portunities  for  partnership  and  cooperation  on  local,  national,  and  international  scales  

-‐‑

Key Findings

health,  tourism,  and  maritime  governance,  are  already  being  observed  and  are  pre-‐‑

dicted  to  continue  into  the  future.

•  

reduce  the  ability  of  humans  to  use  the  ocean  in  a  given  sector,  and  virtually  all  

•  

-‐‑

•  

•  

assets  and  resources  as  energy  production  moves  from  the  traditional  oil  and  
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•   In  the  face  of  climate  change,  impacts  to  marine  resource  distribution,  variable  

mixed  in  others.

•   The  scale  and  scope  of  climate  impacts  such  as  increased  economic  access  and  

uses  of  the  oceans  in  the  future.

-‐‑

•   -‐‑

change.  

•  

•  

-‐‑

food  insecurity  and  malnutrition,  rising  pollutant-‐‑related  respiratory  problems,  

and  spread  of  infectious  disease.

insight  into  societal  responses  and  adaptation  options.  

•  

economic,  and  social  systems  in  the  future.

4.1 Introduction

The  biophysical  impacts  of  climate  change  on  oceans  described  in  Sections  2  and  3  also  

-‐‑

-‐‑

-‐‑

haviors,  industries,  infrastructure,  and  communities.  This  leads  to  one  of  the  limitations  
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in  our  current  ability  to  assess  these  socio-‐‑economic  impacts:  uncertainty  regarding  

-‐‑

able  to  climate  change.  The  direction  of  these  changes  may  be  clear  but  the  rate  and  

clear.

-‐‑

in  marine  resources  that  are  clearly  related  to  climate  change,  based  on  our  current  

understanding  of  the  biophysical  impacts  of  climate  change  (see  Sections  2  and  3  for  

more  detail).

-‐‑

The  ocean  economy,  the  portion  of  the  economy  that  relies  directly  on  ocean  at-‐‑

tributes,  in  2000  contributed  more  than  $117  billion  to  American  prosperity  and  

supported  well  over  two  million  jobs.  Roughly  three  quarters  of  the  jobs  and  half  

the  economic  value  were  produced  by  ocean-‐‑related  tourism  and  recreation  (Figure    

4-‐‑1).  For  comparison,  ocean-‐‑related  employment  was  almost  1½  times  larger  than  

agricultural  employment  in  2000,  and  total  economic  output  was  2  ½  times  larger  

than  that  of  the  farm  sector.  (

The  report  also  notes,  “Standard  government  data  are  not  designed  to  measure  

-‐‑

prevented  Americans  from  fully  understanding  and  appreciating  the  economic  im-‐‑

As  described  in  earlier  sections,  the  physical  changes  in  marine  environments  ex-‐‑

lead  to  impacts  on  ocean  organisms,  such  as  shifts  in  the  distribution  of  species,  pop-‐‑

-‐‑

-‐‑

critical  for  enhanced  understanding  of  the  socio-‐‑economic  impacts  of  these  changes  
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impacts  of  climate  change  on  the  socio-‐‑economic  uses  of  marine  resources.

exploitation  of  particular  species  in  particular  geographic  environments,  human  popu-‐‑

geographic  proximity  to  the  human  communities,  as  the  distributions  of  those  species  

to  adapt  either  through  increased  vessel  transit  time,  the  migration  of  shore-‐‑side  human  

communities,  or  both  to  stay  in  proximity  to  their  “traditional”  species  of  exploitation.  

crustaceans,  being  no  longer  viable  in  their  present  locations,  or  perhaps  not  being  vi-‐‑

-‐‑

-‐‑

Figure 4-1 Value of the oceans. The 
ocean economy includes activities that 
rely directly on ocean attributed or take 
place on or under the ocean. In 2000, 
Tourism and Recreation was the largest 
sector in the ocean economy, providing 
approximately 1.6 million jobs (Source: 
USCOP, 2004).
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-‐‑

from  available  data  and  information.  The  second  approach  is  the  construction  of  gen-‐‑

-‐‑

ronments.   Finally,   the   implications   of   these   changes   for  marine   resource   governance  

-‐‑

rial  and  case  studies  for  most  regions  has  been  included.  

4.2 Climate Effects on Capture Fisheries

Fishing   is   a   production   activity   that   takes   place   under   uncommonly   uncontrolled  

-‐‑

ies,  unlike  most  other  types  of  economic  production,  we  …  have  to  make  do  with  what  

nature  decides  to  make  available..  

-‐‑

percent  of  the  nation’s  commercial  harvest.  In  addition,  individual  states  retain  manage-‐‑

-‐‑

-‐‑
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on  metrics,  such  as  maximum  sustainable  yield  (MSY),  that  depend  on  productivity,  the  

-‐‑

ers  respond  to  those  changes.

-‐‑

-‐‑

Table 4-1: 2009 economic impacts of the United States seafood industry

Jobs

Commercial  harvesters

Seafood  processors  &  dealers

Importers

Retail

  

Table 4-2: 2009 economic impacts of recreational fishing expenditures 

Jobs

For  hire 17,217 1,039,705

Private  boat

Shore 35,293

Retail
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-‐‑

on  communities  of  out-‐‑migration,  especially  in  rural  areas  (Lal  et  al.,  2011).  On  the  other  

-‐‑

exacerbate  this  trend,  but  the  exact  degree  or  even  direction  of  any  of  these  economic  

al.,  1999);  and  choices  based  on  social  and  cultural  factors.

-‐‑

-‐‑

-‐‑

-‐‑

and  climate  change).

Effects on the productivity and location of fish stocks

-‐‑

-‐‑

-‐‑

port  those  populations,  by  altering  primary  productivity  (Boyce  et  al.,  2010;  Sarmiento  

-‐‑

-‐‑

cies  (Allison  et  al.,  2011;  Cooley  and  Doney  2009;  Doney  et  al.,  2009;  Gaines  et  al.,  2003;  
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-‐‑

-‐‑

Economic effects on commercial fisheries and fishing-dependent communities

-‐‑

Section  2  for  details  on  ENSO).  

-‐‑

Bay  for  Albacore  tuna  (Thunnus  alalunga Oncorhynchus  tshawytscha),  

Loligo  opalescens -‐‑

-‐‑

(Sardinops  sagax)  and  Northern  anchovy  (Engraulis  mordax -‐‑

numbers  of  active  vessels  and  ex-‐‑vessel  prices  (Dalton,  2001).  
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-‐‑

-‐‑

Southern  California.  

-‐‑

found  that  blue  crab,  Callinectes   sapidus

other   crab   species   (Walther   et   al.,   2009,   2010),   and   that   commercially   important   crab  

and  perhaps  most,  commercially  important  species.  

-‐‑

-‐‑

-‐‑

economic   security   (NRC,  2010b)  and  particularly   to   the  potential  negative   impacts  of  
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-‐‑

tribution  to  the  total  economic  activity  at  a  national  and  international  level,  the  impacts  

-‐‑

-‐‑

Regional effects of climate change on fisheries

-‐‑

-‐‑

-‐‑

munities   and   local   economies   depend   on   and   are   engaged   in   subsistence   harvesting  

-‐‑

vironmental   changes  are   already  having  a  notable,   although  unpredictable   and  often  

-‐‑

-‐‑

-‐‑
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(Moore  and  Gill,  2011;  Mueter  et  al.,  2011)  and  has  altered  physical  access  to  the  region  

-‐‑

change  are  being  experienced  not  directionally,  but  in  terms  of  greater  inter-‐‑annual  and  

-‐‑

pendix  A  for  a  description  of  the  extent  of  marine  mammal  subsistence  hunting  done  in  

and  threaten  local  adaptive  strategies,  including  times  and  modes  of  travel  for  hunting,  

-‐‑

-‐‑

-‐‑

sure   produced   a   “perfect   storm”   for   a   food   security   crisis,   especially   in   combination  

Gerlach,  2010).  
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-‐‑

-‐‑

as   increases   in  diabetes   and  heart  disease,   depression,   and   alcoholism.  Each  of   these  

-‐‑

precedent  for  action  over  long-‐‑term  climate  change  impacts.

PACIFIC.  

related  shifts   in  atmospheric  conditions,  ocean  properties,  and  ecosystem  interactions  

number  of  researchers.  

-‐‑

-‐‑

sented  in  Appendix  A.

-‐‑

-‐‑

ing  grounds  is  guaranteed  to  these  tribes  through  government-‐‑to-‐‑government  treaties  

range   shifts   (Mantua   et   al.,   2010),   the   implications   for   geographically-‐‑bounded   tribal  

temperatures  and  prey  ranges  shift  (refer  to  Section  3  for  more  detail).  Further  informa-‐‑

change  is  presented  in  Appendix  A.

-‐‑

tentially  impacted  by  changes  in  the  abundance  and  range  habitats  of  targeted  nearshore  
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-‐‑

extraction  of  locally-‐‑caught  seafood  represents  a  coping  strategy  for  such  food  insecuri-‐‑

ty,  potential  nearshore  climate  change  impacts  present  livelihood  and  nutritional  issues  

-‐‑

-‐‑

Climate   change   could  have  both  direct   and   indirect   ef-‐‑

Table 4-3: Known or expected direction of social and economic impacts 
on some major northeast commercial and recreational species

Ambiguous

Ambiguous

Ambiguous

Ambiguous  but  perhaps  positive

Ambiguous

King  and  tanner  Crabs Ambiguous
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end  of  the  21st  century.  The  loss  of  live  corals  results  in  local  extinctions  and  a  reduced  

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

mer,  higher  average  temperatures  could  diminish  

thus   increasing  mortality.     Warm-‐‑

-‐‑

determined   early   in   marine   life  

mortality   typically   sets   year   class  

-‐‑

dence  of  the  actual  impacts  at  these  

various  life  cycle  stages  is  accumu-‐‑

information  on  abundance  binned  

by  latitude  across  the  exceptionally  

-‐‑

mid-‐‑1970s   to   the   late   1990s   and   has   since   been  

detrimental   changes   in   the  migratory   timings   of  

-‐‑

ments  (Kovach  et  al.  2013).  

Case Study 4-A
The effects of climate change on Pacific salmon

Chinook Salmon (Source: NOAA).
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-‐‑

acteristics  of  the  target  species.  These  include  the  

Studies   have   found   that   although   a   north-‐‑

colder   than   average   years   in   the   Bering  

-‐‑

advantage  over  those   in  the  south.  The  re-‐‑

-‐‑

is   driven   by   the   pursuit   of   valuable   roe-‐‑

-‐‑

north  for  marginal  increases  in  catchability.

both   retrospective   analyses   and   predic-‐‑

-‐‑

This   complicates   the   separation   of   the   direct   ice  

-‐‑

ering   the   economic,   institutional,   and   ecologi-‐‑

Case Study 4-B
The effects of climate change on pollock and Pacific cod

Local Cod Depletion Study (Source: NOAA)..
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-‐‑

-‐‑

-‐‑

-‐‑

using   an   environmentally-‐‑based   harvest   control  

rule   to   determine   the   annual   harvest   level.   The  

harvest   control   rule   is   intended   to  prevent  over-‐‑

biomass  decreases  or  if  ocean  conditions  become  

modeling  capabilities  on  socio-‐‑economic   impacts  

-‐‑

potential  scenarios  that  could  occur  in  the  Eastern  

in   ocean   temperature   due   to   climate   change   is  

Case Study 4-C
The effects of climate change on Pacific sardine

Pacific sardine harvest-control rule implements a decreasing exploitation fraction in cool years 
based on a 3-year moving average of SST at Scripps Pier, San Diego, California. ‘Harvest’ is the 
guideline harvest level in metric tons (mt), ‘Biomass’ is current biomass estimate, ‘Cutoff’ is the 
lowest level of estimated biomass at which harvest is allowed (150,000 mt), and ‘Fraction (SST)’ is 
the environmentally-based percentage of biomass above the cutoff that can be harvested (Source: 
M. Dalton, pers. comm.).
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al.,  2011a).1

-‐‑

-‐‑

as   food  (Bell  et  al.,  2011b).  Further  description  of  expected  climate  change   impacts   to  

-‐‑

Futuna.

-‐‑

in  Canada’s  EEZ,  and,  depending  on  the  extent  of  

corresponding   increase   in   economic   activity   and  

The  second  scenario  assumes  that  an  increase  

in  ocean  temperature  results  in  a  northerly  expan-‐‑

sion   of   the   entire   subtropical  marine   biota.   This  

-‐‑

focus  on  their  predators  to  expand  along  the  entire  

-‐‑

economic  value  are  expected.

Case Study 4-C (Continued)
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-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

from  rising  sea  levels  and  more  severe  storms.  

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

Given  limita-‐‑

-‐‑
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-‐‑

activities.

-‐‑

-‐‑

increased  headboat  activity.  

is  provided  in  Appendix  A.

-‐‑

-‐‑

that  depend  on  them,  the  most  relevant  changes  are  those  occurring  to  the  ocean  of  the  

-‐‑

-‐‑

Atlantic  cod  (Gadus  morhua

-‐‑

er   (Micropogonias  undulatus

-‐‑

-‐‑

economic  and  social  impacts  are  potentially  high  (Cooley  and  Doney,  2009;  McCay  et  al.,  
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-‐‑

current  coastline.  In  the  Northeast,  many  smaller  ports  have  already  lost  infrastructure  

-‐‑

Many   challenges   remain   for   assessing   the   social   and   economic   impacts   of   climate  

-‐‑

a  clearer  picture  of  biological  impacts.  Further  description  of  expected  climate  change  

Fisheries and communities adapting to climate change 

-‐‑

Table 4-4: Known or expected direction of social and economic impacts on 
some major northeast commercial and recreational species

Atlantic  cod  (Gadus  morhua) Negative

Micropogonias  undulatus) Positive

Atlantic  lobster  (Homarus  americanus) Ambiguous,  but  perhaps  more  negative

Atlantic  sea  scallop  (Placopecten  magellanicus) Negative

Blue  crab  (Callinectes  sapidus) Negative
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-‐‑

-‐‑

and  protected  areas  that  tie  management  choices  to  particular  geographic  areas  may  be  

-‐‑

positive  impacts.  

Cod   are   sensitive   to   increases   in   ocean   tem-‐‑

impacts  varies.  Some  concern  has  also  been  voiced  

that  certain  prey  species  may  not  move   in  synch  

-‐‑

completely  out  of  the  Gulf  of  Maine  (Fogarty  et  al.,  

-‐‑

fect  on  a  species,  social  and  economic  impacts  can  

of  Maine   to  Argentina   (ASMFC  2011),  but   in   the  

-‐‑

-‐‑

mercial   species,   representing   only   0.7   percent   of  

total  Mid-‐‑Atlantic  landings  revenue  and  2  percent  

of   Mid-‐‑Atlantic   landed   pounds.   but   it   is   one   of  

caught.  

-‐‑

mass  of   the  population   is   forecast   to   increase  by  

-‐‑

-‐‑

(1999)   and   Loomis   and   Crespi   (1999)   note   that  

-‐‑

-‐‑

-‐‑

pected   to   be   negatively   impacted   by   increasing  

Case Study 4-D
The effects of climate change on Atlantic cod and croaker
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time  (OECD,  2010).

-‐‑

-‐‑

-‐‑

-‐‑

coral  bleaching.

-‐‑

farm  products.  

Socio-‐‑economic   factors,   including   age,   gender,   education,   occupation,   livelihoods,  

-‐‑

ceptions  of   their  household’s  vulnerability   to  certain   types  of  extreme  climate  events.  

household  had  a  medium  level  of  vulnerability  across  nearly  all  event  types  except  for  

-‐‑

ic  variables  did  not  uniformly  explain  these  perceptions  across  all  types  of  events.  More  

-‐‑

-‐‑

-‐‑

-‐‑
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to  develop  locally  relevant,  socially  feasible,  and  sustainable  solutions  that  can  result  in  

more  climate-‐‑resilient  communities.  

4.3 Implications of Climate Change for Aquaculture

-‐‑

-‐‑

amounts  of  barramundi,  seabass,  seabream,  and  other  species.  

potential   impacts  of  climate  change  on  North  America  may  include  rising  sea  surface  

-‐‑

-‐‑

-‐‑

a  net  removal  of  CO
2

Direct impacts of climate change

-‐‑
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Silva  and  Soto,  2009).  

-‐‑

al.,  2011).

Indirect impacts of climate change

-‐‑

-‐‑

est  source  being  menhaden  and  the  second-‐‑largest  source  coming  from  trimmings  as-‐‑

Due  to  climate  change,  biological  productivity  in  the  North  Atlantic  is  predicted  to  

-‐‑

available.  
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protein  and  lipid  sources  (Rust,  2002).  Already,  commercial  salmon  diets  contain  a  frac-‐‑

Ocean acidification and aquaculture

-‐‑

-‐‑

-‐‑

-‐‑

coordination.

to  mitigate  some  global  climate  change  impacts  and  provide  a  net  reduction  in  ocean  

-‐‑

-‐‑

2
  and  nutrients  from  the  ocean  

time,  it  merits  further  investigation.

Social impacts of climate change on aquaculture 

-‐‑

culture  industry  is  on  human  health.  Seafood  consumption  may  have  a  number  of  health  

reduced  macular  degeneration,  reduced  mental  depression,  and  higher  IQ,  among  oth-‐‑
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4.4 Offshore Energy Development

Oil and gas 

industry  and  its  consumers  are  facing  compulsory  adaptation  to  climate  changes  that  

-‐‑

-‐‑

-‐‑

cation;  local  policies  and  regulations;  the  company’s  ethics;  and  their  combined  perfor-‐‑

understood  in  a  broad  context  given  that  the  oil  and  gas  industry  delivers  oil  and  gas  as  

Administration   announced   a  proposed  Central  Gulf   of  Mexico   oil   and  gas   and   lease  

-‐‑

ergy  Management  (BOEM)  in  the  Central  and  Western  Gulf  of  Mexico.  In  addition,  in  

Figure 4-2 The number of days in which oil exploration 
activities on the tundra are allowed under the Alaska 
Department of Natural Resources standards has halved 
over the past 30 years due to permafrost thaw, which 
is disrupting transportation; damaging buildings and 
assets  particularly pipelines; and increasing the risk of 
pollution. Operational costs are increasing for oil and 
gas companies (ACIA, 2004)
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IMPACT   FACTORS.  

  Changing   rainfall   amounts,   availability  

sustaining  the  production  of  oil  and  gas.

-‐‑

ter-‐‑treatment   technologies.  As  an  example  of   the   impact  of  climate  change  on  these  

reached.  

Table 4-5: Bureau of Ocean Energy Management lease sales 
schedule, 2012-2017

229 Western  Gulf  of  Mexico 2012

227 Central  Gulf  of  Mexico 2013

233 Western  Gulf  of  Mexico 2013

2013

225 Eastern  Gulf  of  Mexico

231 Central  Gulf  of  Mexico

Western  Gulf  of  Mexico

235 Central  Gulf  of  Mexico 2015

Beaufort  Sea 2015

Western  Gulf  of  Mexico 2015

Eastern  Gulf  of  Mexico

Central  Gulf  of  Mexico

237

Western  Gulf  of  Mexico

Central  Gulf  of  Mexico 2017
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  Not  only  are  environmental  conditions  chang-‐‑

ing  at  most  locations  on  the  globe,  but  the  oil  and  gas  industry  is  also  exploring  poten-‐‑

-‐‑

4
-‐‑

and  revenue  drivers.  Beyond  the  safety-‐‑driven  increases  noted  above,  insurance  costs  

-‐‑

-‐‑

dustry  based  on  their  particular  climate  change  policies  and  regulations.  Fish  and  marine  

-‐‑

-‐‑

platforms.

IMPACTS  ON  INDEPENDENT  AND  NATIONAL  OIL  AND  GAS  COMPANIES.  In-‐‑
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-‐‑

-‐‑

limiting  access   to   reserves,   resulting   in   investments  by   independent  oil   companies   in  

-‐‑

nies  may   feel  direct   impacts,   such  as  on-‐‑site   changes  of  environmental   conditions,  or  

impact  of  climate  policies  and  environmental  protections  that  restrict  access  to  reserves,  

in  addition   to   the  development  of   resources   in   less  accessible   locations  every  year,   is  

invest   in  alternatives   to   fossil   fuels  and  develop  cleaner  and  more  sustainable  energy  

Figure 4-3 Combined financial impact of climate policies and restricted access to oil and gas reserves 
(range of possible outcomes and most likely impacts) (Source: Austin and Sauer, 2002).
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-‐‑

performance   (e.g.,  Asset  Lifecycle  Management;  Acclimatise,   2009b).  Also,   companies  

-‐‑

turn,  the  global  economy  is  expected  to  recover  and  lead  to  increasing  levels  of  prosper-‐‑

insurance  premiums,  among  other  factors.

The  great  dilemma   that   society   and  oil   and  gas  

-‐‑

-‐‑

of  the  economy  versus  climate  change  impacts  on  society  and  ultimately  the  economy  

-‐‑

-‐‑

-‐‑

Oil  and  gas  companies  are  beginning  to  act  on  clear  signals  that  climate  change  is  un-‐‑
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gas   industry  or  b)  any  adverse   impact  of   the  oil  and  gas   industry  on  climate  change.  

-‐‑

Renewable energy (wind, ocean waves, and currents) 

Although  coastal  and  marine  environments  do  not  currently  host  commercial  facilities  

-‐‑

and  solar.  The  Bureau  of  Ocean  Energy  Management  (then  the  Minerals  Management  

Service)  prepared  a  Programmatic  Environmental  Impact  Statement  (PEIS;  BOEM,  2007)  

-‐‑

-‐‑

approved  for  development  and  several  others  have  been  proposed.  Wave  energy  is  most  

-‐‑

able  area  for  ocean  current  development  is  the  Gulf  Stream  along  the  southeast  coast  of  

evaluated   as  mitigation  measures  because   they  do  not  directly   result   in   emissions  of  

stronger  currents,  or  sediment  erosion;  and

height,   or   ocean   current   intensity   or   direction.   These   changes   could   have   either   a  

-‐‑

2011).

-‐‑

-‐‑

ing  industry.  
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4.5 Tourism and Recreation

-‐‑

-‐‑

tourism  (OTTI,  2011a,  b).  

Coastal  tourism  and  recreation  is  used  to  describe  all  tourism,  leisure,  and  recreation-‐‑

-‐‑

-‐‑

ditionally,   infrastructure,   including  hotels,   restaurants,  vacation  homes,  marinas,  dive  

shops,  harbors,  and  beaches,  is  needed  in  coastal  areas  to  support  these  tourism  and  rec-‐‑

-‐‑

trips   in  paid   accommodations  or   travel   to  destinations   50   or  more  miles   from  home,  

2012).  

-‐‑

er  conditions,  and  extreme  events  such  as  typhoons  and  hurricanes  are  expected  to  pose  

-‐‑

these  industries  is  still  in  its  early  stages.

Many  coastal  and  marine  tourism  and  recreational  activities  depend  upon  favorable  

-‐‑

tures  rise,  preferred  locations  for  these  and  other  types  of  recreation  and  tourism  may  
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climate  for  more  time  throughout  the  year  and  others,  such  as  Miami,  Florida,  to  expe-‐‑

rience  a  decrease  in  desirability  for  tourism  because  of  increased  temperatures,  except  

seabird  migrations,  or  Arctic  cruise  tourism.  With  changing  sea  surface  temperatures,  

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

surface  temperatures  increase,  impacts  upon  cetaceans  are  predicted  to  include  changes  

in   species’   distribution   ranges,   individual   occurrence   and   abundance,  migration   tim-‐‑

ing   and   length,   reproductive   success,   mortality   levels,   and   community   composition  

-‐‑

bert  et  al.,  2010).  In  some  cases,  operators  may  choose  to  move  their  business  to  a  more  

changes   there  are  predicted  to  be  greater   than   in  other  regions.  Cetacean  species   that  

cannot   easily  move   as   temperatures   increase   are   expected   to   experience  more   severe  

impacts.  Additionally,   tours   that   focus   on   resident  marine  mammal  populations   that  

-‐‑

sea  surface  temperatures.  
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-‐‑

-‐‑

plications  for   local  and  state   tax  revenues.  As  a  result,  Morgan  et  al.   (2010)  estimated  

-‐‑

red  tide  events  during  the  previous  year.  Given  that  the  geographic  and  temporal  scale  

-‐‑

physical  environment  occur,  indicating  that  investments  in  educational  and  media  mes-‐‑

sages  could  be  prudent  expenditures.

4.6 Human Health

In  addition  to  current  and  future  climate  change  impacts  on  the  biophysical  and  socio-‐‑

-‐‑

human  health  in  a  number  of  primary  areas  (Baer  and  Singer,  2009).  In  fact,  according  to  

Our   increasing  understanding  of   climate   change   is   transforming  how  we  view   the  

boundaries  and  determinants  of  human  health.  While  our  personal  health  may  seem  

to  relate  mostly  to  prudent  behavior,  heredity,  occupation,  local  environmental  expo-‐‑

sures,  and  health-‐‑care  access,  sustained  population  health  requires  the  life-‐‑supporting  

“services”  of   the  biosphere.  Populations  of  all  animal  species  depend  on  supplies  of  

food  and  water,   freedom  from  excess   infectious  disease,  and  the  physical  safety  and  

comfort  conferred  by  climatic  stability.  The  world’s  climate  system  is  fundamental  to  

this  life-‐‑support.  (McMichael  et  al.,  2003,  page  2)

-‐‑
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tourism   destination   and   a   popular   recreational  

shore  of  O’ahu,  and  is  home  to  a  number  of  ma-‐‑

-‐‑

million  room  nights  that  generated  approximately  

Given   the   popularity   and   economic   impor-‐‑

been  an  ongoing  concern.  Recent  recognition  that  

-‐‑

provement  Association  commissioned  a  study   to  

visitor  expenditure  related  to  food  and  beverage,  

entertainment  and  recreation,  retail  and  transpor-‐‑

tation  but   excluding   lodging,   and   the   associated  

General  Excise  Tax   (GET)   and  Transient  Accom-‐‑

and  2).  To  supplement  the  secondary  data,  the  re-‐‑

searchers  subcontracted  a  visitor  intercept  survey  

Beach.

-‐‑

Based   on   these   survey   results,   an   estimated  

-‐‑

crease  in  daily  visitors,  lost  hotel  room  revenue  is  

potential   loss   in   room   revenue,   other   hotel   rev-‐‑

enues,  such  as  those  generated  by  food  and  bev-‐‑

Case Study 4-E
Economic impacts of the potential erosion of Waikiki Beach

2007 Waikiki visitor expenditures and estimated losses with completely  
eroded beach

$1.2  billion

Total  expenditure  (excluding  lodging) ($1.5  billion)

$5.2  billion ($2  billion)
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-‐‑

nutrition;  rising  pollutant-‐‑related  respiratory  problems;  and  increased  spread  of  infec-‐‑

Health and vulnerability

Complex  social  and  ecosystem  conditions  inform  the  reach  and  range  of  climate  change  

must  be  evaluated  in  a  larger  socio-‐‑cultural  context”  (Baer  et  al.,  2003:5).  Although  the  

for   expenditures   other   than   lodging   expenses.  

Applying  the  average  daily  expenditure  per  per-‐‑

son  per  day  for  retail,  food  and  beverages,  trans-‐‑

portation,   entertainment,   and   recreation   to   the  

erosion   is   estimated   to   cost  nearly  $2  billion  per  

year  in  overall  visitor  expenditures.  Additionally,  

These   estimated   impacts   highlight   the   im-‐‑

portance   of   beaches   to   the   tourism   industry   in  

coastal  states.  Reducing  these  estimated  losses  in  

all  regions  should  be  a  priority  that  could  be  ad-‐‑

dressed   through  a  variety  of  approaches  such  as  

-‐‑

beach  accommodations.

2007 Waikiki TAT and GET tax revenues and estimated losses with completely 
eroded beach

Total  

Case Study 4-E (Continued)
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the  role  of  climate  change  in  determining  health,  especially  because  it  merges  theory  and  

-‐‑

research  exploring  connections  among  climate  change,  marine  resource  contamination  

to  be  marine  resource  users.  

Waterborne and foodborne diseases

Vibrio  family,  especially  V.  

cholera

Vibrio  species,  includ-‐‑

ing  V.  parahaemolyticus   and  

-‐‑

nual  cases  of  V.  parahaemolyticus  and  207  cases  of  

highest  concentrations  of  Vibrio   infections  are  in  the  Mid-‐‑Atlantic  states  that  surround  

-‐‑

Reported  expansion  of  V.  parahaemolyticus  

Figure 4-4 Number of cases 
of Vibrio infections by state 
and region, 2009 (Source: 
CDC, 2011).
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V.  parahaemolyti-‐‑

cus

is  perhaps  the  most  important  pathogenic  Vibrio

-‐‑

  can  be  

et  al.,  2011).  Additionally,  

-‐‑

ed  cuts,  and  seafood  handling  (Weis  et  al.,  2011).  One  study  reported  that  almost  70  per-‐‑

temperature  above  20o

-‐‑

cies,   including   toxigenic  V.   cholerae,   ,   and  V.   alginolyticus   (Lipp,   2011).  Al-‐‑

In  addition  to  members  of  the  Vibrio  family,  a  number  of  other  marine  pathogens  also  

Aeromonas  hydrophila   -‐‑

-‐‑

2002).  Myobacterium  marinum

(Dobos   et   al.,   1999).  Erysipelothrix   rhusiopathiae   is   found   in  diverse   animal   species   in-‐‑

-‐‑

1999).  Increased  rates  of  infection  have  been  documented  for  these  emerging  diseases.  
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V.  vul-‐‑

-‐‑

ing  cause  of  death   from  seafood  consumption   in  

marine  environments,  seafood  safety,  and  human  

health.   Based   on   the   Foodborne   Disease   Active  

population-‐‑based   surveillance   in   ten   states,   the  

CDC   reported   an   increase   in      food-‐‑

Gulf   of  Mexico   as   a   result   of   high   consumption  

surveillance-‐‑based   reports   in   2009   and   2010,   the  

CDC  reported   that   the   incidence  of  Vibrio   infec-‐‑

-‐‑

peratures  because  

oC  

-‐‑

because  the  bacterium  

is  naturally  present   in  marine  environments  and  

-‐‑

to  discover  possible  sources  of   and  to  

Case Study 4-F
Spread of Vibrio cases throughout the U.S.

V. vulnificus (Source NOAA).
Analyzing oysters for presence of 
experimentally introduced V. vulnificus 
(Source: NOAA).
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,  each  of  these  pathogens  has  the  potential  for  increased  rates  of  infec-‐‑

The  cases  noted  here  indicate  that  a  range  of  other  Vibrio  and  non-‐‑Vibrio  pathogens  

2005).  In  addition,  focused  development  of  hydrological  and  ecological  modeling  using  

Harmful algal blooms and climate change

-‐‑

-‐‑

-‐‑

-‐‑

though  critical  to  protect  public  health,  can  reduce  the  availability  of  important  sources  

of  nutrition  and/or  income  to  communities  that  depend  on  the  impacted  resources.  The  

-‐‑

listed  above  are  included  in  this  estimate.  

-‐‑

2
;  alteration  of  currents  or  hydrology;  and  changes  

Figure 4-5  
Harmful algal 
bloom (Source: 
NOAA, n.d.).
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-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

(Miller  et  al.,  2010b).

-‐‑

mental  conditions  are  suitable  for  blooms  to  occur.  For  example,  in  Puget  Sound,  as  in  

Alexandrium  

-‐‑

-‐‑

Gambierdiscus,   living   on  macroalgae   on   tropical   hard   substrates,   espe-‐‑

not  the  incidence.

-‐‑

cases,  it  increased  as  CO
2
  increased  (Fu  et  al.,  2010;  Sun  et  al.,  2011).

-‐‑

-‐‑
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Health risks related to climate impacts on marine zoonotic diseases 

A  global  analysis  of  trends  in  infectious  diseases  found  that  emerging  infectious  disease  

-‐‑

-‐‑

es  by  prolonging  the  diseases’  transmission  periods  and  by  changing  geographic  ranges  

and  examples  of  the  potential  impacts  of  climate  change  on  disease  in  marine  animals).  

Zoonotic  diseases  that  occur  in  marine  animals  are  among  those  of  concern  for  hu-‐‑

infectious  organisms  have  been  seen.  For  example,  Lacazia   loboi   is  a  cutaneous  fungus  

that  has  been  reported  to  infect  humans  and  dolphins  in  tropical  and  transitional  tropi-‐‑

(Rotstein  et  al.,  2009).  To  detect  such  changes,  continued  monitoring  and  assessments  of  

disease  in  marine  animals  to  establish  baselines  and  identify  trends  is  critical.  Further-‐‑

human  health.

Some  coastal  and  tribal  communities  depend  on  marine  animals  as  traditional  sourc-‐‑

-‐‑

food  supply.

Health risks of extreme weather events 

-‐‑

-‐‑

-‐‑

ing  but  not  limited  to  heat  exhaustion  and  other  heat-‐‑related  illnesses  (Bernard  and  Mc-‐‑

Glass  et  al.,  2000;  Parmenter  et  al.,1999).  
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Globalized seafood and emerging health risks 

-‐‑

health  through  regulation  and  supervision  of  food  safety,  excluding  oversight  of  most  

meats,  poultry,  and  processed  egg  products,  directly  inspects  only  a  small  percentage  of  

the  nation’s  imported  seafood.  In  2007,  for  example,  the  FDA  reported  almost  900,000  

-‐‑

bacteria  such  as  Salmonella,  Campylobacter,  verotoxin  producing  E.  coli,  and  listeria,  para-‐‑

sites  such  as  Toxoplasma  gondii,  Cyclospora  cayetanensis,  and  trichinella,  and  viruses  such  

-‐‑

tion  of  imported  seafood.  For  example,  tested  salmon,  shrimp,  and  tilapia  samples  from  

found   that   17.5  percent  of   the   samples   tested  positive   for  Salmonella,   32.2  percent   for  

Shigella Listeria Escherichia  coli  (Wang  

et  al.,  2011).  Similarly,  tests  of  over  12,000  imported  and  domestic  seafood  samples  over  

a  nine-‐‑year  period  found  that  the  incidence  of  Salmonella

results  suggest  that  a  high  potential  for  infection  in  imported  seafood  (Love  et  al.,  2011).  

-‐‑
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-‐‑

source  of  environmental  health  concern  (Loring  and  Gerlach,  2009).  Many  of  these  com-‐‑

-‐‑

holm  Convention  addressed,   from  military  dump  sites  and  a  variety  of  other  sources  

Acidification and other unknown human health risks

challenge   to  marine   life  and  marine   resource  users   (NRC,  2010a).  Although  scientists  

-‐‑

-‐‑

for  income  and  sustenance.  There  is  thus  a  need  to  assess  vulnerability  and  adaptation  

result  in  negative  impacts  on  important  food  sources  for  communities  in  coastal  regions  

that  rely  on  marine  resources  for  sustenance.  

4.7 Maritime Security and Transportation

-‐‑

arena  is  the  increase  in  shipping  accessibility  in  the  Arctic.  National  security  concerns  

expanded  geopolitical  discussion   involving   the   relationship   among  politics,   territory,  

climate  change  on  these  sectors.
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4.8 Governance Challenges

-‐‑

-‐‑

der  assumptions  of  stable  environmental  conditions  that  are  similar  to  observed  histori-‐‑

cal  experience  (Peloso,  2010).  In  many  instances  of  greater  climate  variability  or  climate  

-‐‑

need  to  revise  our  current  management  approaches  and,  in  some  cases,  to  restructure  

governance  systems  for  most  ocean  uses.  While  governments  can  employ  technologies  

that  implement  them  to  deal  assessing,  planning  and  responding  to  negative  impacts,  

Sciences  has  repeatedly  called  for  early,  active,  continuous,  and  transparent  community  

-‐‑

perts   (Fischer,  2000).  This  broader,  more   inclusive  governance  approach   is  ever  more  

important  as  marine  resource  users  and  coastal  communities:  1)  increasingly  adapt  and  

-‐‑

sions,  especially  those  resulting  in  changes  in  marine  resource  management  decisions  

and   policies.   The   governance   needs   of   ecosystem-‐‑based   management   may   dovetail  

addressed  as  as  a  result  of  climate  change.  These  challenges  are  most  apparent  in  the  

other  maritime  uses.

Fisheries management in the U.S.

-‐‑

-‐‑

federal  government,  represented  by  the  National  Marine  Fisheries  Service  (NMFS).  

Management  plans  from  the  Councils  are  designed  to  meet  ten  National  Standards  

-‐‑

economic,  or  ecological  factors  (MSA,  page  10,  section  3(33)).  This  optimum  yield  is  the  

basis  for  caps  on  total  harvest  or  Annual  Catch  Limits  (ACLs).  ACLs  are  established  by  
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-‐‑

-‐‑

An  additional  factor  that  Councils  must  consider  is  changes  in  bycatch.  When  shifts  

-‐‑

assessment  methods.  Climate  change  is  expected  to  alter  the  basic  population  dynam-‐‑

-‐‑

no  longer  appropriately  cover  the  range  of  the  species,  perhaps  leading  to  an  assessment  

-‐‑

-‐‑

uncertainty  generated  by  climate  change  exacts  a  cost  through  the  TAC-‐‑  and  ACL-‐‑set-‐‑

-‐‑

-‐‑
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large  urban  centers  to  small  rural  outposts.  They  

types   of   gear   used,   and   level   of   involvement   in  

-‐‑

ing.   Fishing-‐‑dependent   communities   may   have  

-‐‑

sons,   including   income,   adventure,   family   tradi-‐‑

industry  supported  approximately  1  million  full-‐‑  

-‐‑

ue   added.  Recreational   angler   expenditures   con-‐‑

2010).

Many   socio-‐‑economic   impacts   of   climate  

-‐‑

result  from  changes  in  the  productivity  and  loca-‐‑

the  broader  ecosystem  (Sumaila  et  al.,  2011).  Due  

to   strong   temperature   sensitivity   (Fogarty   et   al.,  

Gadus  morhua)  are  expected  to  

decrease   in  biomass  and   largely  move  north  out  

Micropogonias  un-‐‑

dulatus)   are   expected   to   increase   in   biomass   and  

2010).   Rising   temperatures  may   cause   decreases  

Theragra   chalcogramma)   bio-‐‑

Sardinops  sagax)  productiv-‐‑

2005).

critical   to  a  spiritual  ritual;  and  nutritional  costs.  

economic  stability,  food  security,  and  opportuni-‐‑

-‐‑

ate   throughout   the   economy  and   society   though  

Changes  in  marine  target  populations  also  af-‐‑

problems   (Lubchenco   and  Petes   2010)   and  build  

    

Case Study 4-G
Fisheries management responses to climate change
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greater  investment  in  monitoring  and  assessment  to  reduce  the  level  of  uncertainty  and  

Offshore energy development

-‐‑

-‐‑

-‐‑

vere  operating  conditions,  and  more  sensitive  species  and  ecosystems.  In  addition,  rou-‐‑

-‐‑

season  in  the  Gulf  of  Mexico.

Tourism and recreation

by  the  governance  structures  in  each  of  these  sectors  in  response  to  climate  change  are  

safety  of  life  at  sea  as  tourists  and  cruise  vessels  venture  into  higher  latitudes  and  un-‐‑

-‐‑

cooperating  to  increase  governance  measures  in  this  area.

Human health
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Many  agencies  at  the  international,  national,  state,  and  local  level  in  each  country  de-‐‑

adaptive  means  to  respond  to  these  changes.

Strategic planning

-‐‑

ipate  changes  and  develop  strategies  for  responses  to  the  present  and  future  challenges  

-‐‑

ries  are  expected  to  disappear  under  a  rising  sea   level,   individual  villages,  communi-‐‑

4.9 Research and Monitoring Gaps

-‐‑

mate  change  on  ocean  services  that  are  important  to  the  economic,  social,  cultural,  and  

-‐‑

cant  changes  have  not  yet  been  observed  but  are  expected  to  be  seen  in  both  the  short  

climate  change  have  yet  to  be  studied.  

research  must  be  performed  and  incorporated  into  public  and  private  sector  responses  

locally,  nationally,  and  internationally.  The  use  of  time  series  data  for  both  social  and  

economic   indicators  of  human  community  vulnerability  and  resilience   (Charles  et  al.,  

-‐‑

necessary  to  provide  a  much  fuller  understanding  of  both  the  biophysical  and  human  

dimensions  of  climate  change.
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-‐‑

mate  change  is  resulting  in  marine  environment  and  human  community-‐‑level  changes  

and  associated  alterations  to  human  uses  of  the  ocean  and  ocean  services.  Researchers  

-‐‑

-‐‑

-‐‑

-‐‑

standing  of  social  and  economic  impacts  of  climate  change.  Grafton  (2010),  for  instance,  

Socio-economic impacts for commercial and recreational fisheries 

-‐‑

•  

social  science  research  on  both  the  social  and  economic  indicators  of  community  

•  

2009).

•  

-‐‑

tion  scenarios  in  marine  environments.

•   -‐‑

Integrated  Ecosystem  Assessment  programs,  even  though  these  assessments  are  

-‐‑

ical  relations  that  call  for  greater  interdisciplinary  perspectives  and  policy  based  
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•  

expenditures  related  to  adaptation  and  mitigation.

Subsistence fisheries

-‐‑

•  

communities  have  for  adapting  to  climate  change;

•   Improving  understanding  of  the  ability  of  subsistence-‐‑dependent  communities  

to  predict  local  climate,  social,  biological,  and  economic  trends;

•  

of  climate  change;

•   -‐‑

edge  (TEK),  including  the  establishment  of  community-‐‑based  monitoring  

•   Development  of  protocols  that  ensure  appropriate  inclusion  of  TEK  into  biolog-‐‑

•   -‐‑

gies  that  bring  subsistence-‐‑resource  users  into  discussions  of  climate  change  

adaptation  strategies;  and

•  

on  subsistence  harvests.

Offshore energy development

In  order  to  advance  our  understanding  on  the  impacts  of  climate  change  on  the  oil  and  

-‐‑

•   -‐‑

ness  models  to  inform  industry  participants  as  they  adapt  to  climate  change;

•   Addressing  both  the  impacts  of  extreme  events  and  the  impacts  of  incremental  

(Acclimatise,  2009a);

•  
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•   Conducting  research  at  the  level  of  individual  corporations  to  evaluate  appro-‐‑

•   -‐‑

tions  and  thus  more  easily  incorporate  change  into  operations.

Tourism and recreation

-‐‑

-‐‑

this  research  is  for  the  institutions  and  infrastructure  that  support  coastal  tourism  and  

In  many   areas   further   information   is   needed   to   determine   the   impacts   of   climate  

•  

•  

change  through  policy  and  management  actions  (Pallab  et  al.,  2010);

•   Development  of  agreements,  institutions,  and  capabilities  that  ensure  the  safety  

-‐‑

ating  environments;  and

•  

Public health

•  

•   Enhanced  protocols  for  testing  domestic  and  imported  seafood  for  toxins  and  

infectious  agents  that  may  increase  as  a  result  of  climate  change;  

•  

marine  sensors  for  monitoring,  updating  public  health  surveillance  systems,  and  

•   Development  of  coupled  socio-‐‑economic  and  biophysical  models  that  can  assist  

blooms;  and

•   Case  studies  of  both  individual  species  targeted  for  seafood  poisoning  and  of  
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4.10 Conclusion

climate-‐‑change  planning  and  policy?  To  meet  the  challenges  of  climate  change  in  gen-‐‑

eral,  and  climate  change  impacts  on  ocean  services  in  particular,  broad,  interdisciplinary  
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Chapter 5 

International Implications of  
Climate Change

Executive Summary

some  stage  of  their  life  cycle  and  are  of  conservation  concern.  As  climatic  changes  be-‐‑

come  more  apparent,  and  the  rate  of  change  potentially  increases,  habitats  and  species  

-‐‑

that  other  species  and  populations  remain  robust  and  resilient  to  the  changes  that  are  

-‐‑

-‐‑

-‐‑

mental  conditions  and  a  stable  decision  environment  such  as  a  convention  or  treaty.  

Security  and   transportation   issues  are  at  play   in   terms  of  expected  climate  change  

-‐‑

issue  in  this  arena  is  the  increase  in  shipping  accessibility  in  the  Arctic.  National  secu-‐‑

rity   concerns  and   threats   to  national   sovereignty  have  also  been  a   recent   focus  of   at-‐‑

lead  to  an  expanded  geopolitical  discussion  involving  the  relationships  among  politics,  
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Callaghan,  2000).

in  providing  coordination  and  direction;   therefore,   international   collaboration   is  both  

fundamental  and  foundational  to  understanding  and  managing  climate  change  in  the  

address   climate   change   impacts   on  marine   ecosystems   and   communities   around   the  

implement  adaptation  actions.

Key Findings

distribution  and  abundance.

•  

no  longer  the  case.

•   -‐‑

•  

long-‐‑term  implementation  on  shared  marine  resources.

•  

•  

priorities.

-‐‑

•  

changing  circumstances,  particularly  unanticipated,  climate-‐‑driven  changes  in  

•  

to  be  strengthened  or  enhanced.

long  term.
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•   Changes  in  available  shipping  lanes  in  the  Arctic  created  by  a  loss  of  sea  ice  have  

generated  an  expanded  geopolitical  discussion  involving  the  relationship  among  

politics,  territory,  and  state  sovereignty  on  local,  national,  and  international  

scales.

-‐‑

tential  to  be  a  transformational  tool  in  the  implementation  of  improved  coastal  policy  

and  management.

•   A  number  of  countries  including  Indonesia,  Costa  Rica,  and  Ecuador  have  iden-‐‑

and  approaches.

5.1 Implications of Climate Change in International Conventions 
and Treaties

A  number  of  international  treaties  and  conventions  have  been  developed  to  aid  in  ad-‐‑

-‐‑

cus  either  primarily  on  marine   resources  or   involve   them   in  some   fashion.  Exploring  

-‐‑

discussion   includes  only  a  subset  of   the   larger  body  of   international  conventions  and  

treaties.

Convention on Migratory Species (CMS)

The  Convention  on  Migratory  Species  (CMS)  of  Wild  Animals  is  the  only  global,  inter-‐‑

governmental  convention  that  is  established  exclusively  for  the  conservation  and  man-‐‑

-‐‑

species  spends  any  part  of  its  life-‐‑cycle  (Robinson  et  al.,  2005).  Species  are  listed  under  

-‐‑

-‐‑

tant  opportunity  to  develop  climate  change  strategies  at  the  international  level,  a  num-‐‑

-‐‑

logical  Diversity  (CBD),  the  International  Whaling  Commission  (IWC)  and  the  Ramsar  
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climate  change  issues  and  has  given  rise  to  a  number  of  policy  reports  on  species  vul-‐‑

Table 5-1: Marine species with U.S. ranges listed in CMS Appendices

Taxa

I Mammals

Megaptera  novaeangliae ),  

Blue  Whale  ( ),  Northern  Atlantic  Right  Whale  (Eubalaena  

glacialis Eubalaena  japonica)

I Birds

Short-‐‑tailed  Albatross  (Phoebastria  albatrus),  Bermuda  Petrel  (Pterodroma  cahow),  

Pterodroma  sandwichensis

creatopus)

I/II Mammals
Sperm  Whale  (Physeter  macrocephalus),  Sei  Whale  ( ),  Fin  

Whale  ( ),  West  Indian  Manatee  (Trichechus  nanatus)

I/II Birds Steller’s  Eider  (Polysticta  stelleri)

I/II Reptiles

Green  Turtle  (Chelonia  mydas),  Loggerhead  Turtle  (

Turtle  (Eretmochelys  imbricate),  Kemp’s  Ridley  Turtle  (Lepidochelys  kempii),  Olive  

Ridley  Turtle  (Lepidochelys  olivacea Dermochelys  coriacea)

I/II Fish
Cetorhinus  maximus Carcharodon  carcharias),  

Manta  Ray  (Manta  birostris)  Beluga  Whale  (Delphinapterus  leucas)

II Mammals

Monodon  monoceros ),  

Spinner  Dolphin  (Stenella  longirostris),  Striped  Dolphin  (Stenella  coeruleoalba),  

Killer  Whale  (Orcinus  orca ),  Northern  

Hyperoodon  ampullatus),  Bryde’s  Whale  ( ),  

Dugong  (Dugong  dugong)

II Birds

Phoebastria  nigripes),  Laysan  Albatross  (Phoebastria  

immutabilis Thalassarche  melanophris),  Shy  Albatross  

(Thalassarche  cauta),  Salvin’s  Albatross  (Thalassarche  salvini),  White-‐‑chinned  

Petrel  (Procellaria  aequinoctialis),  Spectacled  Petrel  (Procellaria  conspicillata),  

Roseate  Tern  (Sterna  dougallii),  Arctic  Tern  (Sterna  paradisaea Sterna  

albifrons)

I/II Fish

Rhincodon  typus Isurus  oxyrinchus

Isurus  paucus),  Porbeagle  (Lamna  nasus Squalus  

acanthias),  Green  Sturgeon  (Acipenser  medirostris)
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The  Zoological  Society  of  London  has  also  developed  and  tested  a  climate  change  

of  the  Appendix  I  species.  Of  these,  approximately  50  percent  are  marine  species.  Re-‐‑

-‐‑

-‐‑

•  

•   Establishing  long-‐‑term  datasets  and  baselines  of  species  listed  under  CMS,  as  

•  

spatio-‐‑temperal  scales  including  transport  routes,  etc.,for  use  in  the  planning  of  

•   Focusing  on  populations  that  are  resilient  and  adaptive  to  climate  change;

•  

•  

to  migratory  species  if  sites  are  not  carefully  selected;

•  

Figure 5-1 First short-tailed albatross chick to hatch outside Japan. (Source: Pete Leary).
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-‐‑

•   Continuing  to  address  research  needs  related  to  emerging  issues  including  

disease,  invasive  species,  and  ecosystem  changes;

•   Building  capacity  at  the  local  level  through  climate  change  literacy  training,  

participatory  monitoring,  and  incentive  creation  for  conservation  among  

communities;

•   Integrating  climate  change  policies  in  more  Multilateral  Agreements  and  

-‐‑

dangered  remain  robust  and  resilient  to  the  changes  predicted  to  occur  throughout  the  

Convention on Wetlands of International Importance (Ramsar)

Table 5-2: Marine species under CMS with U.S. Ranges vulnerable to climate change

Taxa

Reptiles

Green  Turtle  (Chelonia  mydas Eretmochelys  imbricate),  Kemp'ʹs  

Ridley  Turtle  (Lepidochelys  kempii),  Loggerhead  Turtle  ( ),  Olive  Ridley  

Turtle  (Lepidochelys  olivacea Dermochelys  coriacea)

Mammals

Eubalaena  japonica),  Northern  Atlantic  Right  Whale  

(Eubalaena  glacialis ),  Blue  Whale  (

musculus Monodon  monoceros)

Birds
Short-‐‑tailed  Albatross  (Phoebastria  albatrus),  Bermuda  Petrel  (Pterodroma  cahow),  

Steller'ʹs  Eider  (Polysticta  stelleri)

Medium Mammals
Sperm  Whale  (Physeter  macrocephalus),  Sei  Whale  (

Whale  (Megaptera  novaeangliae)  

Medium Fish Cetorhinus  maximus Carcharodon  carcharias)
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-‐‑

priate   policies   and   legislation,  management   actions,   and   public   education;   designate  

-‐‑

of  these  are  particularly  important  habitats  for  ocean  and  marine  species,  and  include,  

Convention on International Trade in Endangered Species (CITES) of Wild Fauna 
and Flora 

-‐‑

be  if  trade  is  not  regulated,  and  Parties  may  trade  in  these  species  as  long  as  trade  is  not  

detrimental  to  the  species’  survival.  Appendix  III  species  are  listed  unilaterally  by  Par-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

enough  to  accommodate  the  consideration  of  climate  change  in  each  of  its  six  processes  

or  mechanisms.  

Inter-American Convention (IAC) for the Protection and Conservation of  
Sea Turtles

(see  Section  3).  It  promotes  the  protection,  conservation,  and  recovery  of  the  populations  
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-‐‑

characteristics  of   the  Parties   (Article   II,  Text  of   the  Convention).  These  actions  should  

-‐‑

support  to  emerging  collective  adaptation  action  for  marine  turtles.  

In  2009,  the  Parties  agreed  to  a  number  of  actions  to  address  the  impacts  of  climate  

bycatch  and  non-‐‑climate  impacts  on  nesting  beaches.  

Convention on Biological Diversity (CBD)

-‐‑

-‐‑

cording   to   the  Millenium  Ecosystem  Assessment2

change  is  already  forcing  biodiversity  to  adapt  either  through  shifting  habitat,  changing  

-‐‑

rine  ecosystems,  including  their  genetic  and  species  diversity,  is  essential  for  the  overall  

and  in  adapting  to  climate  change.

-‐‑

-‐‑

systems;   the   services   they  provide;  and   the  options   to   restore,   conserve,  or  enhance   the   sustainable  use  of  

ecosystems.
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-‐‑

mate   Change

among  other  things,  to  “Enhance  the  conservation,  sustainable  use  and  restoration  

-‐‑

tion  on  Wetlands  and  the  Convention  on  Biological  Diversity.”

5.2 Climate Change Considerations in Other  
International Organizations

Agreement for the Conservation of Albatross and Petrels (ACAP)

The  Agreement  for  the  Conservation  of  Albatross  and  Petrels  (ACAP)  is  an  inter-‐‑

and  petrels   through   coordination   of   international   activity.   The  development   of  

ACAP  began  in  1999  under  the  auspices  of  the  Convention  on  the  Conservation  of  

seven  species  of  petrels  are  currently  listed  under  ACAP.  

titled  Impacts  of  Global  Climate  Change

change  on   the  conservation  status  of  albatrosses  and  petrels.  Despite   this,  pub-‐‑

-‐‑

on  albatross  and  petrel  population  trends.

International Whaling Commission (IWC)

-‐‑

-‐‑

-‐‑



128 OCEANS AND MARINE RESOURCES IN A CHANGING CLIMATE

Climate   change  and   its   impacts  on   cetacean   species  have  been  highlighted   in  dis-‐‑

-‐‑

Consensus  Resolution  on  Climate  and  Other  Environmental  Changes  and  Cetaceans  at  the  2009  

-‐‑

ernments  to   incorporate  climate  change  considerations  into  existing  conservation  and  

climate  change  and  the  impacts  of  other  environmental  changes  on  cetaceans  as  appro-‐‑

enhance  collaborations  among  various  experts  in  cetacean  biology,  marine  ecosystems,  

-‐‑

ceans  under  climate  change  scenarios.  

large-‐‑scale,   long-‐‑term,  and  multinational   response   from  scientists,   conservation  man-‐‑

Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR)

Figure 5-2  
Sperm whale 
rolling onto its 
side (Source: 
Stephen Tuttle).
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-‐‑

ing  in  the  development  of  a  proposal  for  a  marine  protected  area  in  the  Ross  Sea.  The  

North Pacific Marine Science Organization (PICES)

-‐‑

-‐‑

systems,  and  the  impacts  of  human  activities;  and  to  promote  the  collection  and  rapid  

-‐‑

rum  to  promote  greater  understanding  of  the  biological  and  oceanographic  processes  of  

publications/default.aspx).

Wider Caribbean Sea Turtle Conservation Network (WIDECAST) 

-‐‑

-‐‑

tegrated,   regional   capacity   that   ensures   the   recovery  and   sustainable  management  of  

-‐‑

climate-‐‑related  topics  including  monitoring,  vulnerability  assessment,  selecting  and  pri-‐‑

5.3: Climate Change Considerations by Regional Fisheries 
Management Organizations and Living Marine Resource 
Conservation Organizations



130 OCEANS AND MARINE RESOURCES IN A CHANGING CLIMATE

-‐‑

-‐‑

resolution  urged  nations,  either  directly  or  through  appropriate  subregional,  regional,  

-‐‑

-‐‑

-‐‑

-‐‑

Figure 5-3  Green 
turtle (Source: David 
Patte).
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a  stable  decision  environment  such  as  a  convention  or  treaty.  In  addition,  many  RFMOs  

-‐‑

cially  if  the  RFMO  has  many  member  countries.

Table 5-3: Primary RFMOs and arrangements that include U.S. living marine 
resources, by organization/membership, mission, relevant species, and  
climate change actions, 2012

status

Commission  for  

the  Conservation  

of  Antarctic  

Marine  Living  

Resources  

(CCAMLR)/

Member

Protect  and  

conserve  the  

marine  living  

resources  in  the  

Antarctica

crustaceans,  

and  all  other  

species  of  living  

organisms,  

including  birds

CCAMLR  includes  climate  change  on  the  agenda  of  

the  Commission.  Climate  is  also  a  factor  considered  in  

the  development  of  a  proposal  for  a  marine  protected  

area  in  the  Ross  Sea.

North  Atlantic  

Salmon  

Conservation  

(NASCO)/  

Member

research  and  the  

conservation,  

restoration,  

enhancement,  

and  rational  

management  of  

the  North  Atlantic  

Ocean

Atlantic  salmon  

(Salmo  salar)

NASCO   is   concerned   about   the   potential   impacts  

on   the   potential   implications   of   climate   change   for  

salmon   management   at   the   29th   NASCO   Annual  

directly   addressing   climate   change   and   salmon   to  

date.

Atlantic  Fisheries  

(NAFO)/  

Member

Study,  conserve  

resources  in  the    

NAFO  Regulatory  

Area  in  the  North  

Atlantic  Ocean  

beyond  200-‐‑mile  

states

  

shrimp

Fisheries   Environment   has   been   discussing   change  
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Table 5-3 Primary RFMOs and arrangements that include U.S. living marine resources, 
by organization/membership, mission, relevant species, and  
climate change actions, 2012 (Continued)

status

Anadromous  

Fish  Commission  

(NPAFC)/  

Member

Promote  the  

conservation  of  

and  ecologically-‐‑

related  species  in  the  

high  seas  areas  of  the  

cherry,  and  

steelhead)

The   Bering-‐‑Aleutian   Salmon   International  

Survey-‐‑II   (BASIS-‐‑II)   is  NPAFC'ʹs  coordinated  

salmon  in   the  Bering  Sea  designed  to  clarify  

the   mechanisms   of   biological   response   by  

salmon   to   the   conditions   caused   by   climate  

change.   Climate   change   and   its   impact   on  

salmon  have  been  discussed  in  a  Symposium  

understanding  impacts  of  future  climate  and  

ocean   changes   on   the   population   dynamics  

salmon  (Beamish  et  al.,  2010)  

The  overarching  theme  of  the  NPAFC  2011-‐‑

Salmon  Production  in  the  Ocean  Ecosystems  

under  Changing  Climate.”

Western  and  

Fisheries  

Commission  

(WCPFC)/  

Member

Ensure,  through  

the  long-‐‑term  

conservation  and  

sustainable  use  of  

Ocean  in  accordance  

Nations  Convention  

the  species  listed  

in  Annex  1  of  the  

Sea  occurring  in  the  

Convention  Area,  

and  other  species  

Commission  may  

determine  necessary  

to  cover

assessments  (Summary  Report  of  the  Seventh  

21  September  2011).
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Straddling fish stocks

-‐‑

salmon  harvests   suggests   that  environmental  variability  may  complicate   the  manage-‐‑

Treaty  

between  the  Government  of  Canada  and  the  Government  of  the  United  States  of  America  con-‐‑

-‐‑

-‐‑

though  several  natural  and  anthropogenic  factors  contributed  to  these  trends,  evidence  

-‐‑

-‐‑

-‐‑

tive,  abundance-‐‑based  management  regime  (Miller  et  al.,  2000).  In  2009,  that  agreement  

investments  in  cooperative  research  programs.  

Figure 5-4 Types of fish stocks (Source: 
Munro et al., 2004).
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Transboundary fish stocks

-‐‑

migrations  (Agostini  et  al.,  2007;  Nye  et  al.,  2009).  In  addition,  the  age  structure  of  the  

-‐‑

boundaries,  are  a  case  in  point.  Currently,  no  international  management  agreement  ex-‐‑

-‐‑

If  cooperative  conservation  and  management  is  a  positive  sum  game,  a  related  concern  

-‐‑

-‐‑

ment  of  Fisheries  and  Oceans  in  British  Columbia.  

Highly migratory fish stocks 3 

-‐‑

CLOS  Annex  1  lists  the  species  considered  highly  migratory  by  Parties  to  the  Convention.  The  list  includes:  

-‐‑

other  cetaceans).
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-‐‑

they  can  maintain  member  nations’  incentives  to  cooperate  despite  the  uncertainties  and  

shifting  opportunities  that  may  result  from  climate-‐‑driven  changes  in  productivity,  mi-‐‑

-‐‑

is  a  priority  to  supplement  income  from  access  license  fees.  

-‐‑

dramatically  if  the  sea  temperature  changes,  but  the  spatial  distribution  may  shift  sub-‐‑

-‐‑

-‐‑

-‐‑

Arctic

Climate  change  is  expected  to  have  profound  impacts  in  the  Arctic;  some  of  these  chang-‐‑

movement  of  some  sub-‐‑Arctic  species  into  the  Arctic  may  occur  over  time  and  the  rates  

climate  change  (see  Section  3).  Fishing  may  expand  in  response  to  periods  of  reduced  

-‐‑

-‐‑

structures  and  processes  to  be  strengthened  or  enhanced.  Agreements,  both  multilateral  
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-‐‑

seas  areas.

5.4 Climate Change and Other International Issues

Maritime transportation and security

-‐‑

including  marine   resource  and  ecosystem-‐‑based  management.  According   to   some   re-‐‑

and  increasingly  severe  clashes  over  the  extraction  of  natural  resources  among  the  global  

Climate   change   adaptation   and   mitigation   actions   often   extend   beyond   regional  

scales  and  regional  governance  and  security  concerns.  According  to  the  Energy,  Envi-‐‑

outside

areas  of  foreign  and  trade  policy,  security  and  geopolitics,  energy  policy  and  investment  

11;  also  see  Section  5).

and  marine-‐‑dependent  communities  are  in  an  especially  vulnerable  position.  If  a  sub-‐‑

radical  socio-‐‑economic  changes  to  marine  resource-‐‑based  communities.  The  central  role  

-‐‑

-‐‑

tion   they  serve  and  represent,   face  numerous  challenges   in   this  and  coming  decades.  
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In   addition   to   energy   security,   global   trade,   terrorism,  nuclear  non-‐‑proliferation,   and  

-‐‑

tional  security  challenge  as  it  complicates  and  exacerbates  many  more  traditional  secu-‐‑

rity  issues.  

TRANSPORTATION.  According   to   the  Arctic  Council’s  2009  Arctic  Marine  Shipping  

and   severe   climate   change  on  earth…  Of  direct   relevance   to   future  Arctic  marine  ac-‐‑

tivity,  and  to  the  AMSA,  is  that  potentially  accelerating  Arctic  sea  ice  retreat  improves  

-‐‑

vessels  because  of  melting  Arctic  sea   ice,   these  regions  are  experiencing  greater  mari-‐‑

-‐‑

as  sea  level  rise.  These  issues  are  considered  in  depth  in  the  Coastal  Impacts,  Adapta-‐‑

tion,  and  Vulnerabilities  Technical  Input  for  the  2013  National  Climate  Assessment.

Blue carbon 

sediment  of  coastal  and  marine  ecosystems  (as  discussed  in  section  2.9).  Accounting  for  

-‐‑

formational   tool   in   the   implementation  of   improved  coastal  policy  and  management.  

-‐‑

support  nature-‐‑based  climate  change  mitigation  solutions  such  as  blue  carbon:  

•  

Reducing  Emissions  from  Deforestation  and  Forest  Degradation  (REDD+),  

National  Appropriate  Mitigation  Actions  (NAMAs),  and  the  Clean  Development  
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conservation,  restoration,  and  sustainable  use  of  natural  systems  such  as  

forests  and  peatlands.  Coastal  ecosystems  can  be  integrated  into  these  existing  

•  

coastal  carbon  and  has  invited  the  submission  of  information  on  emissions  from  

•  

-‐‑

•   The  Blue  Carbon  Initiative  is  a  global  agenda  to  maintain  the  blue  carbon  

stored  in  coastal  ecosystems  and  to  avoid  emissions  from  their  destruction.  The  

initiative,  coordinated  by  Conservation  International  (CI),  the  International  

Figure 5-5 U.S. Coast Guard Vessel in Arctic Ocean (Source: http://www.msnbc.msn.com/id/39394645/ns/world_news-
world_environment/t/ships-take-arctic-ocean-sea-ice-melts/).
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-‐‑

based  policy,  management,  conservation,  and  science  globally.  Field-‐‑based  

-‐‑

ment  of  practical,  science-‐‑based  methodologies  and  building  capacity  in  target  

countries.  

•  

•   A  number  of  countries  including  Indonesia,  Costa  Rica,  and  Ecuador  have  iden-‐‑

the  integration  of  coastal  blue  carbon  into  their  priority  activities.  These  coun-‐‑

tries  are  in  need  of  technical  and  resource  support  to  complete  this  process  and  

•  

Connecticut
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Chapter 6

Ocean Management Challenges, 
Adaptation Approaches, and 
Opportunities in a Changing Climate

Executive Summary

-‐‑

ginning  to  understand,  plan  for,  and  address  the  impacts  of  climate  change  on  oceans.  

Although  the  practice  of  climate  adaptation  is  relatively  nascent,  particularly  for  marine  

best  available  science,  including  long-‐‑term  monitoring  and  assessment  of  environmental  

-‐‑

-‐‑

to  reduce  non-‐‑climatic  stressors  such  as  pollution  and  habitat  destruction.  Existing  legal  

uncertainty.  

Key Findings

-‐‑

•  

adaptation  actions  have  been  designed  and  implemented  for  marine  systems.  

•  

•   Despite  barriers,  creative  solutions  are  emerging  for  advancing  adaptation  plan-‐‑

ning  and  implementation  for  ocean  systems.
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•   Long-‐‑term  observations  and  monitoring  of  ocean  physical,  ecological,  social,  and  

economic  systems  provide  essential  information  on  past  and  current  trends  as  

•  

communities  of  practice,  and  inform  and  support  decisions  to  enhance  ocean  

resilience  in  the  face  of  climate  change.

•  

-‐‑

ience  and  adaptive  capacity.

•  

Key Science Gaps/Knowledge Needs:

A  strategic,  use-‐‑inspired,  and  integrated  science  agenda  is  necessary  to  inform  and  sup-‐‑

-‐‑

•   Enhance  and  sustain  long-‐‑term  observations  and  monitoring  of  ocean  physical,  

ecological,  social,  and  economic  systems  to  inform  adaptive  management;

•   Apply  integrative  indicators  of  ocean  ecosystem  health  to  foster  holistic  under-‐‑

standing,  monitoring,  assessment,  and  evaluation  of  change;

•  

actions;

•   Support  research  on  relevant  social,  behavioral,  and  economic  sciences  to  assess  

-‐‑

standing  of  human  responses  to  change  for  marine  systems;  and
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•  

6.1 Challenges and Opportunities for Adaptation in  
Marine Systems

Adaptation  involves  processes  related  to  preparing  for  and  building  resilience  to  climate  

-‐‑

-‐‑

sustainable  future  through  enhancing  the  social,  economic,  and  ecological  resilience  of  

ocean  systems.  

•   Assess  vulnerability  to  climate  change;

•   Identify,  design,  and  implement  management,  planning,  and/or  regulatory  

•   Design  and  implement  monitoring  programs  to  assess  change  and  evaluate  

•  

redesigned  as  necessary.

-‐‑

2011).

-‐‑

•  

•  

action;

•  

•  

and  tools  to  support  assessments  and  monitoring;

•  

•  

IPCC,  2007a).  Fortunately,  solutions  exist  for  overcoming  many  of  these  barriers,  includ-‐‑

ing  enhanced  provision  of   information,   tools,  and  services   that  support  ocean-‐‑related  

adaptation  decisions  and  integration  of  climate  change  into  existing  policies,  practices,  
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-‐‑

6.2 Information, Tools, and Services to Support  
Ocean Adaptation

-‐‑

mand   for   user-‐‑friendly,   science-‐‑based   information   that   supports   ocean   adaptation  

-‐‑

-‐‑

-‐‑

tioners  can  help  to  ensure  that  the  information  provided  is  accessible,  understandable,  

Importance of long-term observations and monitoring for management

The  establishment  of  current  baselines  and  trends  are  a  core  element  of  adaptation  ap-‐‑

-‐‑

cal,  social,  and  economic  systems  are  needed  to  provide  information  on  past  and  current  

developing  meaningful  climate  indices,  and  supporting  adaptive  management.  Obser-‐‑

vations  and  monitoring  data  can  provide  critical  insight  into  the  relative  contributions  

of  anthropogenic  change  versus  natural  variability  in  ocean  systems.  In  addition,  long-‐‑

term  data  can  inform  the  development  of  more  accurate  and  higher-‐‑resolution  climate  

Key  variables  that  inform  the  development  of  ocean  adaptation  actions  include  but  

are  not  limited  to:

•  

•   Ecological  parameters  such  as  phenology  (e.g.,  timing  of  the  spring  phyto-‐‑

-‐‑

sity,  and  primary  productivity  (NCA,  2010b);  and  

•   Socio-‐‑economic  parameters,  such  as  demographics,  food  supplies,  social  and  

-‐‑

opportunity  is  to  leverage  existing  observation  and  monitoring  systems,  including  those  

and  managing  for  climate  change  (National  Ocean  Council,  2012).  
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A  challenge  ahead  is  to  ensure  that  coastal  and  ocean  resource  managers  have  access  

-‐‑

-‐‑

young  animals   (see  Case  Study  3-‐‑A).  Oceanographic  models  developed  at   the  Woods  

to  predict  blooms  of  the  toxic  alga,  Alexandrium  fundyense -‐‑

-‐‑

sible  information  at  relevant  decision  scales.  

through  a  public-‐‑private  partnership,  California  is  

marine  protected  areas  (MPAs)  to  protect  marine  

-‐‑

toring  and  evaluating  these  MPAs  to  inform  adap-‐‑

Council  has  invested  over  $20M  to  conduct  base-‐‑

-‐‑

-‐‑

future  assessments  of  ecosystem  health  and  

MPA  performance  can  be  evaluated.

-‐‑

-‐‑

pogenic   stressors   are   reduced,   provides   a  

large-‐‑scale  natural  laboratory  to  understand  

-‐‑

systems.  The  innovative  approaches  to  MPA  

monitoring  being  developed  in  the  state  also  

inform  the  climate  change  management  dialogue.  

-‐‑

for  climate  change  monitoring  (MPA  Monitoring  

Enterprise,  2012),  leveraging  the  opportunity  pre-‐‑

-‐‑

MPA   performance,   and   evaluate   climate   change  

adaptation  measures.

Case Study 6-A
Marine protected areas as sentinel sites for monitoring, understanding,  

and managing climate change

Sea Ranch, California (Photo Credit: J.J. Meyer).
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Barriers  remain  in  providing  long-‐‑term  information  to  support  ocean  adaptation  de-‐‑

-‐‑

creasingly   important   for  providing  practical   information   to   inform  management.  The  

-‐‑

-‐‑

-‐‑

Tools and services for supporting ocean management in a changing climate

enhance  analytic  capacity  to  translate  understanding  into  planning  and  management  ac-‐‑

the  information  provided  must  be  timely,  accessible,  relevant,  and  credible.  Although  

-‐‑

cessible”  to  adaptation  practitioners;  it  is  either  unavailable,  too  technical  to  be  under-‐‑

emerging.

-‐‑

hance  ocean  resilience  in  the  face  of  climate  change.

•   -‐‑

•  

Several  tools  and  services  have  been  developed  to  help  reef  managers  anticipate  

and  respond  to  bleaching  events.  For  example:

   The  Reef  Manager’s  Guide  to  Coral  Bleaching,  produced  by  NOAA,  the  

to  help  reef  managers  respond  and  enhance  resilience  to  bleaching  events.  

  

developed  several  tools,  including  the  Satellite  Bleaching  Alert  System  

conducive  to  bleaching  at  select  reef.
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•  

•  

managing  natural  systems  including  oceans  in  the  face  of  climate  change.  CAKE  

Protecting  or  restoring  healthy  oceans  represents  a  

core  goal  of  almost  any  marine  resource  manage-‐‑

the  aim  of  providing  a   tool   for  guiding  manage-‐‑

ment  decisions.  

-‐‑

vision,   livelihoods,   and   cultural   values   (McLeod  

-‐‑

-‐‑

sustainably  used,  rather  than  simply  protected,  to  

score  highly.  The   Index  converts   into  a   common  

-‐‑

-‐‑

The   Index   can   be   used   to   assess   the   impacts   of  

climate  change  on  each  of   the  10  public  goals  as  

management  scenarios  that  target  climate  impact  

land-‐‑based   pollution   regulations,   or   other   mea-‐‑

sures.   For   example,   climate   change   impacts   that  

reduce  the  extent  of  coastal  habitats  (e.g.,  through  

-‐‑

fect  many  goals   including   carbon   storage,   coast-‐‑

line  protection,  and  biodiversity,  in  turn  reducing  

overall   ocean   health.   Management   actions   that  

increase   resilience  and   reduce  non-‐‑climatic  pres-‐‑

sures   on   coastal   habitats   should   help   ameliorate  

climate   impacts   and   maintain   or   even   improve  

ocean  health  in  the  face  of  climate  change.  

Global  results  for  the  Index  have  recently  been  

improvement.  Regional  assessments  for  the  Cali-‐‑

Case Study 6-B
The Ocean Health Index
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adaptation  case  studies,  building  a  community  via  an  interactive  online  plat-‐‑

and  identifying  and  explaining  data  tools  and  information  available  from  other  

•  

provides  a  diversity  of  resources  in  support  of  coastal  and  ocean  adaptation,  

such  as  state-‐‑level  adaptation  plans,  case  studies,  climate  communications  infor-‐‑

-‐‑

-‐‑

remains  in  providing  accessible  information  to  meet  the  diverse  set  of  adaptation  plan-‐‑

ning,   implementation,   and   evaluation   challenges   faced  by  marine   resource  managers  

6.3 Opportunities for Integrating Climate Change into U.S. Ocean 
Policy and Management

Although  climate  change  presents  challenges   to  marine  resource  managers  and  other  

-‐‑

agement.   For   example,   because   climatic   and   non-‐‑climatic   stressors   interact,   reducing  

climate-‐‑related  vulnerabilities  of  oceans  by  incorporating  climate  change  considerations  

Incorporating climate change into marine spatial planning and marine protected 
area (MPA) design

Both  coastal  and  marine  spatial  planning  (CMSP)  and  MPAs  spatially  allocate  human  

supporting   and   improving   resource   use   and   conservation   goals   (Ehler   and  Douvere,  

2009).  MPAs  instead  focus  primarily  on  limiting  access  to  some  or,  in  the  case  of  “no-‐‑

-‐‑

and  management  of  existing  protected  areas  and  refugia,  and   increasing  connectivity  
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and   the  amount  of  protected   space,  provide  mechanisms   for   enhancing  climate   resil-‐‑

and  MPA  processes  must  incorporate  climate  change  into  their  planning,  implementa-‐‑

Accounting   for   the   impacts  of  global   climate   change   in  CMSP  and  MPA  planning  

-‐‑

ing  climate  change  into  the  design  of  management  plans:  1)  build  resilience  to  climate  

-‐‑

terns  of  change.

Building   climate   resilience   into   spatial  management   remains   the  most   commonly  

regulations   and  mandates.   Targeted   actions   to   limit   or   remove  non-‐‑climatic   stressors  

can  help  reduce  the  cumulative  impact  of  total  stressors,  thus  improving  the  ability  of  

-‐‑

-‐‑

ed  impacts  and  other  increasing  or  catastrophic  stressors  (Allison  et  al.,  2003;  McLeod  et  

al.,  2009).  For  example,  the  large  areas  encompassed  by  the  MPAs  recently  established  in  

-‐‑

National  Marine  Monuments,  are  protected  from  many  human  activities  and  therefore  

climatic  stress  from  human  activities.

-‐‑

-‐‑

tected  areas  in  locations  that  exhibit  high  resilience  to  climate  change.  As  assessments  

designed  to  inform  CMSP  and  MPA  planning  processes  engage  and  inform  more  sectors  

-‐‑

and  MPA  design  is  the  most  challenging  of  the  three  options,  primarily  because  of  the  

-‐‑

larval  transport.  MPA  planning  and  CMSP  processes  can  be  designed  to  both  anticipate  
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-‐‑

Integrating climate change into fisheries management 

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

that  could  translate  into  a  30-‐‑100  percent  increase  in  maximum  sustainable  yield.  Mueter  

-‐‑

Sea.  Another  promising  step  is   the  development  of  ecosystem  models  to  help  explore  
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In  addition,   the  body  of   literature  and   tools   for  assessing   the  vulnerability  of  natural  

more   information   and   tools   on   climate   impacts   and  vulnerabilities   become  available.  

-‐‑

-‐‑

-‐‑

-‐‑

tion  of  ecosystem-‐‑based  approaches  through  mechanisms  such  as  integration  of  chang-‐‑

Efforts to integrate climate considerations into existing legislative and  
regulatory frameworks 

-‐‑

-‐‑

et  al.,  2011).  Although  no  single  piece  of  existing  federal  legislation  directly  targets  cli-‐‑

mate  change  adaptation  in  the  marine  environment,  several  potential  mechanisms  have  

change   considerations   into   existing   statutory   and   regulatory   processes   (Gregg   et   al.,  

-‐‑

source  conditions  resulting  from  climate  change  in  their  management  activities”  (GAO,  

delegated  statutory  and  regulatory  authority.  

Broadly   applicable   policy   initiatives  may   enable   climate   change   adaptation   in   the  

ocean  and  marine  environment.  For   example,   the  National  Ocean  Council  has  devel-‐‑

-‐‑

conditions  in  the  Arctic”  (National  Ocean  Council,  2012).  The  Council  on  Environmental  

Quality  has  also  drafted  guidance   for   federal  agencies   regarding   the   incorporation  of  

consideration  of  greenhouse  gas  emissions  and  adaptation  measures  into  environmental  

et  seq.;  CEQ,  2010).  
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change  impacts  in  the  marine  environment  through  existing  legislative  and  regulatory  

-‐‑

siderations  into  regulation  and  management.

•     The  Clean  Water  Act   (CWA)  has  been  cited  as  a  potential  

Kelly  et  al.,  2011).  The  purpose  of  the  CWA  is  to  restore  and  maintain  the  chemical,  

et  seq.).  One  of  

and   the   Environmental   Protection   Agency   (EPA),   the   EPA   solicited   input   on  

fail  to  meet  criteria  established  for  coral  reef  ecosystems,  bivalves,  or  other  organ-‐‑

(Bradley  et  al.,  2010).

•      Climate   change   is   adversely   impacting  

-‐‑

et  seq.),  

recover  threatened  and  endangered  species.  These  agencies  cited  climate  change  

impacts  such  as  increased  sea  surface  temperatures,  sea  level  rise,  loss  of  sea  ice,  

-‐‑

threatened  or  endangered  listing  (Federal  Register,  2010c).  In  addition  to  listings,  

agencies  could  factor  climate  adaptation  considerations  into  critical  habitat  desig-‐‑

nations,   recovery  plans,   and  consultations  on  proposed  Federal  actions   (Craig,  

•   -‐‑

et  seq
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-‐‑

ation  of  climate  change  exist,  at  least  one  regional  council  has  begun  to  consider  

-‐‑

-‐‑

management  of  climate  change  impacts  in  the  marine  environment.  In  addition,  many  

example,  many   state   coastal  management   programs  have   already  developed   adapta-‐‑

tion  policies  (CSO,  2007).  Kelly  et  al.  (2011)  identify  several  actions  that  local  and  state  

-‐‑

6.4 Emerging Frameworks and Actions for Ocean Adaptation

Although   the   science   and  practice   of  marine   adaptation   are   relatively  nascent,  many  

developing  strategies  for  enhancing  ocean  resilience  in  the  face  of  a  changing  climate.  

Marine   systems,   and   especially   coral   reef   systems,   are   the   sites   of   some   of   the   earli-‐‑

-‐‑

tion  have  been  developed  at  national,  regional,  state,  local,  and  non-‐‑governmental  levels  

planning  and  implementation  of  on-‐‑the-‐‑ground  actions.  

-‐‑

-‐‑

-‐‑
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-‐‑

trates  adaptive  management  based  on  changing  environmental  conditions.

Coral   reefs   are   being   impacted   by   both   climatic   and   non-‐‑climatic   stressors   (see  

Table 6-1: Examples of ocean-related climate adaptation frameworks in the U.S.

NATIONAL/FEDERAL

Interagency  Climate  

Change  Adaptation     Spring  2009  to  determine  progress  on  federal  agency  actions  in  support  of  national  

adaptation  and  to  develop  recommendations  for  additional  actions.  The  ICCATF  is  

-‐‑

responsibilities,  to  develop  adaptation  plans.

National  Fish,  Wildlife  

and  Plants  Climate  

Adaptation  Strategy

The  National  Fish,  Wildlife,  and  Plants  Climate  Adaptation  Strategy,  initiated  

through  Congressional  directive  in  2009,  is  currently  under  development.  The  Strat-‐‑

tribal,  and  non-‐‑governmental  entities  to  safeguard  the  nation’s  valuable  natural  re-‐‑

sources,  including  marine  resources,  against  a  changing  climate.  The  draft  Strategy  

National  Ocean  Policy  

www.whitehouse.gov/administration/eop/oceans/policy

REGIONAL

West  Coast    

Governors  Alliance    

ocean  and  coastal  resources.  The  Alliance  includes  a  Climate  Change  Action  Co-‐‑

ordination  Team  that  is  initially  focusing  on  a  West  Coast  assessment  of  shoreline  

change  and  anticipated  impacts  to  coastal  areas  and  communities  due  to  climate  
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Table 6-1: Examples of ocean-related climate adaptation frameworks in the U.S.  
                                                        (Continued)

STATE

State  of  California  

Climate  Adaptation  

Strategy released  their  Climate  Adaptation  Strategy.  The  Coastal  and  Ocean  Resources  

and  conducting  vulnerability  assessments,  among  other  actions.  

Change  Adaptation  

Report

including  Coastal  Zone  and  Oceans.

report.html

NON-‐‑GOVERNMENTAL

Conservation  Action  

and  Beaufort  Seas
resources.  An  expert  panel  helped  guide  the  selection  of  primary  conservation  targets  

adaptation  strategies  and  ecosystem-‐‑based  management,  investing  in  baseline  and  long-‐‑

term  data  collection,  and  identifying  and  protecting  climate  refugia,  among  others.

A  Climate  Change  

Action  Plan  for  the  

Florida  Reef  System  

(2010-‐‑2015)

The  Florida  Reef  Resilience  Program,  a  public-‐‑private  partnership,  released  a  Climate  

in  the  Plan  include  expanding  disturbance  response  monitoring  throughout  the  

adopted  by  reef  managers  into  existing  management  plans.  
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-‐‑

ing  drivers  and  trends  of  coral  reef  ecosystem  change.  CREST  is  conducting  monitoring  

-‐‑

of  diseases,  and  improving  understanding  of  reef  responses  to  sea-‐‑level  change,  among  

forecast  future  change,  and  guide  management  decisions.  

-‐‑

production,  and  identify  resilient  oyster  genotypes.  Some  hatcheries  are  already  imple-‐‑

of  high  acidity.

-‐‑

pact,  and  vulnerability  assessments,  to  the  development  of  guidance  and  tools,  to  on-‐‑

the-‐‑ground  implementation.  In  general,  most  ocean-‐‑related  adaptation  activities  are  still  
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Chapter 7 

Sustaining the Assessment of  
Climate Impacts on Oceans and  
Marine Resources

Key Findings

-‐‑

adaptation  to  a  changing  climate.

marine  ecosystems.  

advance  assessment  of  impacts  of  climate  change  on  oceans  and  marine  resources.

•   Identify  and  collect  information  on  a  set  of  core  indicators  of  the  condition  of  

-‐‑

•  

-‐‑

ical,  chemical,  biological,  and  social/economic  impacts  of  climate  change  on  

oceans  and  marine  resources.

•   Increase  capacity  and  coordination  of  existing  observing  systems  to  collect,  

•  

components  and  human  uses.

•  

climate  change  on  marine  ecosystems.

•   Build  and  support  mechanisms  for  sustained  coordination  and  communication  

-‐‑

mation  needs  related  to  impacts,  vulnerabilities,  mitigation,  and  adaptation  of  

ocean  ecosystems  in  a  changing  climate  are  being  met.
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•  

in  a  changing  climate.

•   -‐‑

national  partners  for  assessing  and  addressing  impacts  of  climate  change  and  

7.1 Challenges to Assessing Climate Impacts on Oceans and 
Marine Resources

-‐‑

through  a  suite  of  changes  in  ocean  physical,  chemical,  biological,  social,  and  economic  

relations  (see  Section  5).  

Despite  this  foundation  of  information,  many  uncertainties  and  gaps  remain  in  un-‐‑

-‐‑

•  

-‐‑

•   Limited  capacity  and  coordination  of  existing  observation  systems  to  collect,  

assess,  integrate,  and  deliver  information  on  physical,  chemical,  biological,  

decision-‐‑relevant  scales.

•   -‐‑

•  

ecosystems.

•  

•  

science  needs).
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•  

examples  for  incorporating  climate  change  information  into  ocean  management  

processes.

•  

7.2 Steps for Sustained Assessment of Climate Impacts on 
Oceans and Marine Resources

-‐‑

the  capacity  to  assess  and  respond  to  climate   impacts  on  ocean  and  marine  resources  

-‐‑

ing  and  advancing  future  assessments  of  climate  change  impacts  on  oceans  and  marine  

resources.  This   is  not   intended  to  be  a  comprehensive   list,  and  items  are  not   listed   in  

priority  order.

•   Identify  a  set  of  core  indicators  of  the  condition  of  marine  ecosystems  that  can  

over  time  at  regional  to  national  scales.

•  

-‐‑

ical,  biological,  social,  and  economic  impacts  of  climate  change  on  oceans  and  

marine  resources.

•   Enhance  capacity  and  coordination  of  existing  observing  systems  to  collect,  

•  

•  

climate  change  on  marine  ecosystems,  including  (also  see  previous  sections  for  

  

use  components  of  marine  ecosystems  respond  to  changes  in  climate  and  

changes  in  marine  ecosystems;

   Information  on  past  variability  in  climate  and  ocean  conditions  for  use  in  

ocean  conditions  on  a  variety  of  temporal  and  spatial  scales;
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change  impacts  on  physical,  chemical,  biological,  and  ocean  use  compo-‐‑

nents  of  marine  ecosystems.  

•   Build  and  support  mechanisms  for  sustained  coordination  and  communication  

information  needs  are  being  met  related  to  impacts,  vulnerabilities,  and  adapta-‐‑

tion  of  ocean  ecosystems  in  a  changing  climate.

•   Build  and  support  mechanisms  for  obtaining  and  sharing  information  and  

in  a  changing  climate.

•   -‐‑

national  partners  for  assessing  and  addressing  impacts  of  climate  change  and  

A  diversity  of  potential  mechanisms  could  enhance  the  sustained  coordination  and  as-‐‑

sessment  of  climate  impacts  on  ocean  systems.  For  example:

•  

National  Ocean  Policy,  National  Fish,  Wildlife,  and  Plants  Climate  Adaptation  

through  a  coordinated  federal  science  agenda.

•   -‐‑

ment  process  for  the  National  Climate  Assessment.  These  individuals  could  

on  a  staggered  rotational  basis.  

•   Informally  convene  federal  agencies  that  are  developing  ocean-‐‑related  compo-‐‑

•  

scientists  and  local,  state,  tribal,  federal,  NGO,  and  private  sector  practitioners  to  

•   Improve  regional  coordination  to  connect  climate  information  to  the  large  

climate  and  ocean  entities  such  as  NOAA  Fisheries  Science  Centers,  NOAA  

Regional  Climate  Service  Directors,  DOI  Climate  Science  Centers,  and  DOI  

regions.
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Appendix A 

Status of and Climate Change Impacts to 
Commercial, Recreational, and Subsistence 
Fisheries in the U.S.

A.1 Commercial and Recreational Fisheries 4  

Commercial fisheries

-‐‑

lop   (Placopecten  magellanicus

Theragra  chalcogramma

5

salmon  (Oncorhynchus  spp

-‐‑

-‐‑

can  lobster  (Homarus  americanus)  in  2009,  earning  $231  million  for  the  79  million  pounds  

$197  million  for  30  million  pounds  landed.  Louisiana  harvesters  caught  more  blue  crab  

(Callinectes  sapidus

-‐‑

-‐‑

Data  reported  in  this  subsection  (Commercial  Fisheries)  are  documented  in  NOAA  Fisheries,  

2010.

The   seafood   industry   includes   the   commercial  harvest   sector,   seafood  processors   and  dealers,   seafood  
wholesalers,  and  distributors,  importers,  and  seafood  retailers.
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-‐‑

Recreational fisheries 6  

-‐‑

-‐‑

sea  trout  (Cynoscion  regalis Micropogon  

undulatus  and  Leiostomus  xanthurus

Figure A-1 U.S. Commercial Fisheries by region (2009 landings, revenue, and job impacts) (Source: 
National Marine Fisheries Service, 2010).

Gulf  of  Mexico

New  England

Mid-Atlantic

South  Atlantic
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-‐‑

-‐‑

Paralichthys  dentatus -‐‑

glers  caught  most  of  the  striped  bass  (Morone  saxatilis;  9  million)  in  2009.  Most  sea  trout  

Oncorhynchus   tshawytscha),   chum   (Oncorhynchus   keta),   coho   (Oncorhynchus  

kisutch Oncorhynchus  gorbuscha Oncorhynchus  

nerka  and  Hippoalossus  stenolepis

Scomber   scombrus

(Sphyraena   barracuda Atractoscion   nobilis)   and   bonito   (Sarda   chiliensis)  

(Thunnus  obesus

A.2 Commercial and Recreational Fishing-Dependent 
Communities 7

-‐‑

-‐‑

coastal  areas  of  the  South  Atlantic  region’s  states  of  South  Carolina,  Georgia,  and  Florida  

are  all  subtropical  as  are  the  coastal  areas  of  all  the  states  in  the  Gulf  of  Mexico  region.  

-‐‑

-‐‑

Fisheries,  2009a.
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-‐‑

guage  other  than  English  at  home  range  from  0  percent  of  Crescent,  Georgia’s  residents  

-‐‑

A.3 Regional Involvement in Commercial and Recreational Fishing

Although  described  to  some  extent  in  the  previous  sections,  a  more  detailed  description  

of  the  socio-‐‑economic  impacts  and  climate  change  implications  of  commercial  and  recre-‐‑

North Pacific

-‐‑

-‐‑

ing  Sea  is  a  semi-‐‑enclosed  high-‐‑latitude  sea  and  its  broad  continental  shelf  is  one  of  the  

(Theragra   chalcogramma Gadus   macrocephalus Limanda  

aspera Pleurogrammus  

monopterygius).  Other  species  comprise  a  minor  fraction  of  the  total  catch.  Total  ground-‐‑

-‐‑

Sebastes  alutus -‐‑

Anoplopoma   ).  



164 OCEANS AND MARINE RESOURCES IN A CHANGING CLIMATE

colder  than  average  years  in  the  Bering  Sea.  A  large  ice  and  cold  pool  extent  concentrates  

north  an  advantage  over  those  in  the  south.  The  redistribution  has  occurred  in  the  sum-‐‑

-‐‑

-‐‑

the  importance  of  considering  the  economic,  institutional,  and  ecological  characteristics  

Pleuronectes  asper

(Pleuronectes  bilineatus Atheresthes  stomias

Anoplo-‐‑

Sebastes  and  Sebastolobus  spp. Pleurogrammus  

monopterygius).  

Hippoglossus  stenolepis -‐‑

-‐‑

aged  under  an  Individual  Transferable  Quota  system  since  1995.  The  species  is  found  
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-‐‑

recruitment  of  the  species  have  occurred  that  cannot  be  readily  explained  by  changes  in  

-‐‑

-‐‑

for  halibut,  and  negative,  or  unproductive,  phases  every  25  to  35  years  (Mantua  et  al.,  

1997).

Paralithodes  camtschatica),  blue  (P.  platypus)  and  gold-‐‑

Lithodes  aequispina Chionoece-‐‑

tes  bairdi C.  opilio

-‐‑

-‐‑

the  year  to  avoid  molting,  mating,  and  soft-‐‑shell  periods  to  both  protect  crab  resources  

-‐‑

-‐‑
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-‐‑

-‐‑

-‐‑

until  a  population  dynamics  model  is  available  for  an  assessment.  

-‐‑

-‐‑

late  most  strongly  to  decadal  shifts  in  physical  oceanography,  particularly  the  Aleutian  
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-‐‑

-‐‑

Oncorhynchus  gorbuscha O.  nerka),  chum  (O.  keta),  coho  (O.  

kisutch O.  tshawytscha).  Each  species  spends  most  of  its  ocean  life  in  the  

-‐‑

Clupea   pallasii)   are   harvested   commercially  

PWS  experiences  high  variability  as  a  result  of  at  least  three  main  types  of  factors:  large-‐‑

scale  environmental  factors,  smaller-‐‑scale  environmental  factors,  and  diseases  such  as  

viral  hemorrhagic  septicemia  virus  and  parasite  Ichthyophonus  hoferi

-‐‑

recruitment  events  are  variable.  A  large-‐‑year  class  occurs  once  every  9  or  10  years,  and  

West coast

-‐‑

-‐‑
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in  sales  impacts  in  California,  $1.1  billion  in  sales  impacts  in  Oregon,  and  $7.3  billion  in  

sales  impacts  in  Washington.  California  also  generated  the  largest  value  added  income  

page  29).  

-‐‑

-‐‑

-‐‑

-‐‑

the  contribution  of  these  activities  to  gross  domestic  product  (value-‐‑added  impacts).  In  

-‐‑

page  30).

Sardinops  sagax -‐‑

variability  on  both  inter-‐‑annual  and  decadal  scales.  Observed  decadal-‐‑scale  climate  vari-‐‑
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-‐‑

-‐‑

samples   from   the  Southern  California  Bight   (Baumgartner   et   al.,   1992).   Similarly,   the  

th  

-‐‑

based  on  a  three-‐‑year  average  of  SST  observed  at  the  Scripps  Institution  of  Oceanogra-‐‑

-‐‑

is  no  longer  valid  for  predicting  sardine  reproductive  success  and  should  not  be  used  in  

-‐‑

to  environmental  conditions,  the  temperature  relationship  underlying  the  harvest  con-‐‑

-‐‑

ing  should  be  incorporated  into  its  Coastal  Pelagic  Species  Fishery  Management  Plan.  

In  general,  the  motivation  for  an  environmentally-‐‑based  harvest-‐‑control  rule  is  that  

-‐‑

tions  persist.  The  use  of  environmentally-‐‑based  rules  has  advantages  for  responding  to  

climate  change.

•  

•  

-‐‑

tives  for  conservation.  
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•   Environmentally-‐‑based  harvest  control  rules  can  potentially  incorporate  other  

-‐‑

-‐‑

corresponding  increase  in  economic  activity  and  economic  value.  

Figure A-2 Pacific sardine yield, abundance, and the Pacific Decadal Oscillation (PDO) through 2001. 
Sardine productivity is higher during the warm, positive phase of the PDO, and the collapse of the 
sardine stock that began in the 1940s has been attributed to a regime shift around 1945 (Source: M. 
Dalton, pers. comm.).



The  second  scenario  assumes  that  an  increase  in  ocean  temperature  results  in  a  north-‐‑

-‐‑

economic  activity  and  economic  value.

Northeast

total   landed  pounds  (NOAA  Fisheries,  2010,  page  50).  Mid-‐‑Atlantic   landings  revenue  
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Figure A-3 Pacific sardine abundance and cumulative SST anomalies observed at the Scripps 
Institution of Oceanography pier in La Jolla, California (Source: S. Herrick, pers. comm.).
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percent  of  total   landings  revenue  but  only  15  percent  of  total   landed  pounds  (NOAA  

-‐‑

-‐‑

-‐‑

-‐‑

-‐‑

Figure A-4 Pacific sardine harvest-control rule implements a decreasing exploitation fraction in cool 
years based on a 3-year moving average of sea surface temperatures (SST) at Scripps Pier, San Diego, 
California. ‘Harvest’ is the guideline harvest level in metric tons (mt), ‘Biomass’ is current biomass 
estimate, ‘Cutoff’ is the lowest level of estimated biomass at which harvest is allowed (150,000 mt), 
and ‘Fraction (SST)’ is the environmentally-based percentage of biomass above the cutoff that can be 
harvested (Source: M. Dalton, pers. comm.).
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-‐‑

. -‐‑

-‐‑

.

-‐‑

-‐‑

-‐‑

trip  vessels,  even  if  this  means  earning  a  more  modest  living  (Maurstad,  2000).  Festivals  

Fisheries,  2009b  for  examples  from  the  Northeast).

-‐‑

-‐‑

Figure A-5 The expected changes in the 
harvestable biomass and distribution of the 
northern Pacific sardine stock due to climate 
change. The harvestable biomass increases 
(lower left to upper right) and decreases 
(upper right to lower left, heavy arrows) 
depending on the duration of favorable 
climate conditions. The vertical lines show 
which fisheries become involved as the 
harvestable biomass increases and declines: 
left, at lowest harvestable biomass, is a 
Mexican (Mex)-only fishery; middle left is 
Mex and California (CA) fisheries; middle 
right is Mex, CA, Oregon (OR), Washington 
(WA) and Canadian (Can) fisheries; and 
the far right is Mex, CA, OR, WA, Can and 
Alaskan (AK) fisheries. (Source: Sam Herrick, 
NOAA).
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.

-‐‑

.,  

-‐‑

-‐‑

-‐‑

the   level   of   impact   varies.   Some   research   suggests   that   certain   prey   species  may   not  

-‐‑

-‐‑

of   total  Mid-‐‑Atlantic   landings   revenue   and   2  percent   of  Mid-‐‑Atlantic   landed  pounds  

Paralichthys  dentatus)  in  the  Mid-‐‑Atlantic.  

-‐‑

2
  emissions  into  the  21st

2
  concentration  of  350  
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ppm,  the  second  is  the  B1  scenario  that  assumes  an  increase  in  CO
2
  to  550  ppm,  and  the  

third   is   the  A1B  scenario   that  assumes  an   increase   in  CO
2
   to  720  ppm  (IPCC,  2007b).  

-‐‑

-‐‑

-‐‑

-‐‑

Pacific Islands

-‐‑

Figure A-6  Gloucester, MA Stern Trawler (Source: http://www.photolib.noaa.gov/htmls/fish0533.htm).
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also  contributed  to  the  region’s  overall  landings.  In  terms  of  overall  economic  impacts,  

-‐‑

(NOAA  Fisheries,  2010,  pages  100  and  120).

in  value  added  from  the  industry,  and  $150.9  million  in  income  (NOAA  Fisheries,  2010,  

Southeast

-‐‑

-‐‑

of  total  landed  pounds  (NOAA  Fisheries,  2010,  page  100).  Gulf  landings  revenue  came  

(NOAA  Fisheries,  2010,  page  120).  The  next  most  economically-‐‑important  species  in  the  

-‐‑

cent).  In  terms  of  overall  economic  impacts,  in  2009,  the  seafood  industry  in  the  Southeast  

and   $11.2   billion   in   value   added   from   such   activities   as  processing   (NOAA  Fisheries,  

2010,  pages  100  and  120).  In  addition,  Adams  et  al.  (2009)  reported  that  the  Gulf  region  

value  of  resources  extracted  from,  or  value  of  services  generated  as  a  result  of,  proximity  

In  terms  of  pounds  landed,  Louisiana  contributed  the  most  by  far  (1  billion  pounds),  

by  Florida  ($157  million)  and  Texas  ($150  million).  The  Southeast  region’s  seafood  indus-‐‑

try  generated  $13  billion  in  sales  impacts  in  Florida,  $1.7  billion  in  Texas,  $1.7  billion  in  

$300  million  in  Mississippi,  and  $70  million  in  South  Carolina  (NOAA  Fisheries,  2010).  
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Florida  also  generated  the  largest  value-‐‑added  income  and  employment  impacts  ($2.5  

-‐‑

value  added  from  the  industry,  and  $2.9  billion  in  income  (NOAA  Fisheries,  2010,  page  

$5.1  billion  in  income  (NOAA  Fisheries,  2010,  page  121).  In  addition,  charter  and  party  

-‐‑

-‐‑

red  drum  and  sand  and  silver  seatrouts  are  also  caught  in  substantial  numbers.

-‐‑

special  area  have  been   intensifying   for  many  years  …  and   the  economies  of   the  Gulf  

Changes  in  the  Gulf  of  Mexico  marine  environment  have  the  potential  to  change  the  

-‐‑

-‐‑

-‐‑
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A.4 Subsistence Fisheries 

For  generations,  subsistence  harvesting  of  marine  resources  has  been  important  to  rural  

-‐‑

lihoods.  In  addition  to  providing  basic  nutrition  and  sustenance,  subsistence  activities  

being,  family  structures,  and  resource  conservation.

Based   on   the   numerous   physical   and   biological   changes   that   are   occurring   in   the  

-‐‑

.

-‐‑

lach  et  al.,  2011).  

Perhaps  most  importantly,  subsistence  resource  users  are  typically  the  least  mobile  

constituency  of  all  marine  resource  users  due  to  their  strong,  place-‐‑based  cultural  identi-‐‑

ties  and/or  limited  incomes.  Partly  because  of  this,  many  subsistence  resource  users  fall  

-‐‑

North Pacific

Northern  people  have   relied   for  millennia   on   the   landscape   for   their   food   through   a  

Caulolatilus  princeps)  is  the  no-‐‑

-‐‑

are  more  reliant  on  harvesting  marine  mammals.
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-‐‑

in  177  communities  around  the  state  (Fall  et  al.,  2011).  

-‐‑

A-‐‑7).

-‐‑

-‐‑

polar  bears  (Ursus  maritimus Odobenidae  divergens En-‐‑

hydra  lutris  kenyoni -‐‑

Delphinapterus  leucas

-‐‑

Other subsistence fisheries

-‐‑

-‐‑
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West coast

Native  Americans  have  harvested  marine  resources  along  the  West  Coast  for  centuries.  

-‐‑

-‐‑

resources  (NOAA  Fisheries,  2009a).  

-‐‑

on  a  vast  array  of  marine  resources  for  subsistence  near  their  reservations  or  traditional  

-‐‑

vests  such  as  Dungeness  crab  (Cancer  magister Panopea  abrupta),  but-‐‑

ter  clams  (Saxidomus  giganteus),  and  manila  clams  (Corbicula  manilensis).  In  central  Puget  

-‐‑

tence  purposes.  Tribes  in  the  southern  reaches  of  Puget  Sound  rely  primarily  on  chum  

cultural  context  and  values  of  each  tribe  are  intimately  tied  to  salmon  harvests  and  con-‐‑

sumption.  In  addition,  members  of  many  tribes  collect  salmon  for  ceremonial  purposes  

for  reporting  are  often  absent.  These  realities  lend  themselves  to  absent  or  underreported  

subsistence  harvest  data  through  the  states’  formal  reporting  programs.  Figure  A-‐‑10  de-‐‑

25  percent  of  their  total  catch  for  personal  consumption  (Impact  Assessment,  2005).

-‐‑

dance   is  considered  to  be  one  of   the  main  factors   in   this  decline   (Impact  Assessment,  

-‐‑

.,  2007).  Given  that  so  many  tribes  depend  on  salmon  for  

of  tribal  communities  (Colombi,  2009).



Status of and Climate Change Impacts to Commercial, Recreational, and Subsistence Fisheries in the U.S.               181

-‐‑

In  addition  to  the  subsistence  harvests  of  marine  resources  by  tribal  entities,  subsis-‐‑

tence  harvests  by  non-‐‑tribal   individuals  on  urban  and   rural   coastal  piers   throughout  

Figure A-7a–d Relative harvests of non-salmon fish, salmon, marine invertebrates, and halibut in 
subsistence reliance communities around Alaska. Points on the maps represent species group harvests 
in individual communities. The point size varies based on the relative harvest of each community’s 
residents compared to all other communities harvesting that species group in the state. (Source: Amber 
Himes-Cornell, NOAA).

A B

C D
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exists  to  document  these  activities.  Extant  data  on  non-‐‑tribal  subsistence  and  personal  

A

C D

Figure A-8a–d Relative harvests of walrus, beluga whales, polar bears, and sea otters in subsistence 
reliance communities around Alaska. Points on the maps represent species group harvests in individual 
communities. The point size varies based on the relative harvest of each community’s residents 
compared to all other communities harvesting that species group in the state. (Source: Amber Himes-
Cornell, NOAA).

B
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Northeast

-‐‑

-‐‑

-‐‑

. .

-‐‑

timated  33  percent  rely  on  their  catch  as  a  cost-‐‑saving  food  source  or  as  a  supplement  

(72  percent),  half  reported  using  at  least  some  of  their  catch  for  personal  consumption.  

Figure A-9 Total number of salmon taken by Northwest Indian Fisheries Commission tribes (Source: 
Impact Assessment, 2005).
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.

-‐‑

-‐‑

minority.

.   (2009)   also   noted   that   approximately   12   percent   of   anglers   in   the  

Morone  saxatilis Paralichthys  

dentatus Pomatomus  saltatrix Micropogonias  undulatus),  and  

Centropristis   striata

consumed  species.

Pacific Islands

or  even  the  trip.

-‐‑

-‐‑

most  of  their  trips,  25  percent  for  some  of  their  trips,  and  less  than  10  percent  said  that  

.



Status of and Climate Change Impacts to Commercial, Recreational, and Subsistence Fisheries in the U.S.               185

-‐‑

-‐‑

-‐‑

curement,  including  exercise,  recreation,  time  spent  in  nature,  a  sense  of  environmental  

is  a  basis  for  sharing  and  gift-‐‑giving  as  both  a  process  of  reciprocity  and  providing  re-‐‑

continue  to  provide  a  source  of  food  for  a  variety  of  celebrations  and  events,  further  cul-‐‑

-‐‑

their  catch  for  personal  consumption.  A  2011  survey  of  Marianas  archipelago  commer-‐‑

-‐‑

munity  or  cultural  events.

-‐‑

-‐‑

-‐‑

-‐‑
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to   the   subsistence  needs  of   the  Chamorro  population   and   in  preserving   their  history  

-‐‑

.

as  a  food  source  is  one  that  might  be  expected  from  a  society  that  has  been  undergoing  a  

shift  from  a  subsistence-‐‑oriented  economy  to  a  cash  economy  (Levine  and  Allen,  2009);  

atule  and  palolo

Southeast

-‐‑

-‐‑

subsistence  livelihoods  today  (NOAA  Fisheries,  2009a).  Coastal  counties  and  parishes  

-‐‑
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