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 Human impacts on marine ecosystems 



Climate change, ocean warming and acidification 

The ocean has become: 

Å warmer (an increase in average temperature of 0.2oC at the top 300 m of 
the ocean between the 1950s and1990s); 

Åwith less sea-ice (summer Arctic sea ice extent is decreasing at 7.4% per 
decade); 

Åmore acidic; 

Åless oxygenated in some area, higher sea level, changes in primary 
productivity . 



Future changes in ocean conditions 
Scenario: SRES A1B 

Source: NOAA/GFDL Earth System Model (TOPAZ) 

Sea surface temperature Acidity  Sea surface temperature Acidity  

Primary production (available to fish) Oxygen content (sea bottom) 



Climate change effects in the ocean 

Physical Biological Social/Economics 

Societal 

interest 

From: Sumaila, Cheung, Lam, Pauly, Herrick (2011) Nature Climate Change 



ÅGoal:  

 Assesses the biophysical and socio-economic 
vulnerabilities and impacts of marine climate 
change, and identifies mitigation and 
adaptation options. 

 

Research program 



- Key theories and hypotheses; 

 

- Impacts of climate change on marine biodiversity: 

 

- Impacts of climate change on fisheries 

 

- Future research direction. 
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Oxygen- and capacity- limited thermal tolerance 

ÅEnvironment stresses such as acidification or hypoxia 
reduce aerobic scope.  

From: Pörtner & Farrell (2008) Science 



Metabolic and life history theories 

Source: Pauly (2010); Cheung, Dunne, Sarmiento, Pauly (2011) 

Current condition  

Warmer, more acidic or 

less oxygenated ocean 

ÅLinking aerobic scope and growth function; 

ÅEffects on natural mortality, maturity, fecundity and recruitment.  

Growth 



Ecological-niche theory 

ÅPredicts that animals distribute themselves to 
maximize their growth performance.  



Hypothesis of climate change impacts on fish and fisheries 
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- Impacts of climate change on marine biodiversity: 
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Global climate/ocean changes 

projections 

Interdisciplinary approaches to model impacts 

of global change 

Maximum catch 

potential 
Species 

composition 

Dynamic Bioclimate 

Envelope Model (DBEM) 

Body size and 

relative 
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ÅCurrent (1980-2000) species distributions, life history 
and habitat preferences as initial conditions; 

ÅLink to spatial -temporal size-structured population 
dynamic model; 

ÅRecruitment, larval transport, adult movement, 
individual and population growth, and carrying 
capacity are dependent on environmental conditions; 

ÅExplicit ecophysiology component; 

Å30ô x 30ô grid of global ocean. 

Dynamic bioclimatic envelope model 
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Dunne et al (2005, 2007) 

Modelling biogeochemical loop (e.g. GFDL TOPAZ) 



Climate change scenarios 

Source: IPCC 2007  



Ocean conditions 
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Distribution after 50 years  

Example: Atlantic cod 

(Gadus morhua) 
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Distribution after 50 years  

Example: Pacific Halibut 

(Hippoglossus stenolepis) 



Year 2001 
Pacific Halibut 

Relative abundance

0

0 - 0.00015

> 0.0015 - 0.0038

> 0.0038 - 0.0062

> 0.0062 - 0.0095

> 0.0095 - 0.012

> 0.012 - 0.016

> 0.016 - 0.023

> 0.023 - 0.030

> 0.030 - 0.040

> 0.040

Low 

High 

Relative 

abundance 



Year 2005 
Pacific Halibut 

Relative abundance

0

0 - 0.00015

> 0.0015 - 0.0038

> 0.0038 - 0.0062

> 0.0062 - 0.0095

> 0.0095 - 0.012

> 0.012 - 0.016

> 0.016 - 0.023

> 0.023 - 0.030

> 0.030 - 0.040

> 0.040

Low 

High 

Relative 

abundance 



Year 2010 
Pacific Halibut 

Relative abundance

0

0 - 0.00015

> 0.0015 - 0.0038

> 0.0038 - 0.0062

> 0.0062 - 0.0095

> 0.0095 - 0.012

> 0.012 - 0.016

> 0.016 - 0.023

> 0.023 - 0.030

> 0.030 - 0.040

> 0.040

Low 

High 

Relative 

abundance 



Year 2020 
Pacific Halibut 

Relative abundance

0

0 - 0.00015

> 0.0015 - 0.0038

> 0.0038 - 0.0062

> 0.0062 - 0.0095

> 0.0095 - 0.012

> 0.012 - 0.016

> 0.016 - 0.023

> 0.023 - 0.030

> 0.030 - 0.040

> 0.040

Low 

High 

Relative 

abundance 



Year 2030 
Pacific Halibut 

Relative abundance

0

0 - 0.00015

> 0.0015 - 0.0038

> 0.0038 - 0.0062

> 0.0062 - 0.0095

> 0.0095 - 0.012

> 0.012 - 0.016

> 0.016 - 0.023

> 0.023 - 0.030

> 0.030 - 0.040

> 0.040

Low 

High 

Relative 

abundance 



Year 2040 
Pacific Halibut 

Relative abundance

0

0 - 0.00015

> 0.0015 - 0.0038

> 0.0038 - 0.0062

> 0.0062 - 0.0095

> 0.0095 - 0.012

> 0.012 - 0.016

> 0.016 - 0.023

> 0.023 - 0.030

> 0.030 - 0.040

> 0.040

Low 

High 

Relative 

abundance 



Year 2050 
Pacific Halibut 

Relative abundance

0

0 - 0.00015

> 0.0015 - 0.0038

> 0.0038 - 0.0062

> 0.0062 - 0.0095

> 0.0095 - 0.012

> 0.012 - 0.016

> 0.016 - 0.023

> 0.023 - 0.030

> 0.030 - 0.040

> 0.040

Low 

High 

Relative 

abundance 



Year 2060 
Pacific Halibut 

Relative abundance

0

0 - 0.00015

> 0.0015 - 0.0038

> 0.0038 - 0.0062

> 0.0062 - 0.0095

> 0.0095 - 0.012

> 0.012 - 0.016

> 0.016 - 0.023

> 0.023 - 0.030

> 0.030 - 0.040

> 0.040

Low 

High 

Relative 

abundance 



Relative abundance

0

0 - 0.00015

> 0.0015 - 0.0038

> 0.0038 - 0.0062

> 0.0062 - 0.0095

> 0.0095 - 0.012

> 0.012 - 0.016

> 0.016 - 0.023

> 0.023 - 0.030

> 0.030 - 0.040

> 0.040

Low 

High 

Relative 

abundance 
ÅCombining projected 

distributional ranges of 

1,066 marine species. 

Predicting climate change impacts on 

marine biodiversity 



Intensity of species invasion by 2050 
Scenario: SRES A1B 

Source: Cheung, Lam, Kearney, Sarmiento, Watson and Pauly (2009) Fish and Fisheries 

ÅHigh rate of species invasion in Arctic and Southern Oceans. 



Intensity of local extinction by 2050 
Scenario: SRES A1B 

Local extinction 

Source: Cheung, Lam, Kearney, Sarmiento, Watson and Pauly (2009) Fish and Fisheries 

ÅSome marine species are projected to move away from the tropics and the 
southern boundary of semi-enclosed seas (e.g. the Meditteranean Sea); 

ÅThis leads to high rate of local extinction in these regions. 



Regional analysis 

Research questions: 

ÅHow would species in NE 
Pacific coast response to 
climate change in terms of 
distribution range? 

ÅWhat are the expected changes 
in community structure to be in 
future research survey? 
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Temperature Preference Profile 

Cold Warm 

Cumulative spp. no. 



Comparing prediction distributions with observations 

ÅComparing with 
presence data 
from pelagic trawl 
survey along the 
coast (N =30); 

ÅObserved species 
richness at 
sampling stations 
is significantly 
correlated with 
model prediction 
(p<0.01). 
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Distribution after 50 years  

(Climate projection from NOAA/GFDL CM 2.1)  

Chinook salmon 
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