
3

Vulnerability 
of Tropical Pacific Fisheries and Aquaculture 
to Climate Change

Edited by Johann D Bell, Johanna E Johnson and Alistair J Hobday





Vulnerability 
of Tropical Pacific Fisheries and Aquaculture 
to Climate Change

Edited by Johann D Bell, Johanna E Johnson and Alistair J Hobday



ii

 

Please cite this publication as:

Please cite individual chapters as (e.g.):

 
 



iii

Editors

Johann D Bell
 

Johanna E Johnson
2

Alistair J Hobday

Contributors

Tim JH Adams

Valérie Allain
 

Edward H Allison

Serge Andréfouët

Neil L Andrew

Michael J Batty
 

Johann D Bell
 

Laurent Bopp

David T Boseto

Tom D Brewer

Rich W Brill

Béatrice Calmettes

Lindsay Chapman
 

Joshua E Cinner

 

Catherine Collier

 

Jeff Dambacher

Brian Dawson

Sena De Silva

Luc Della Patrona

 

Andreas Demmke
 

Vulnerability of Tropical Paci!c Fisheries and Aquaculture  
to Climate Change



iv

Guillermo Diaz-Pulido

Joanna C Ellison

Katharina E Fabricius

Boga S Figa

Kim Friedman

Alexandre S Ganachaud

Peter C Gehrke

Robert Gillett
 

Nicholas AJ Graham

 

Cathy A Hair

John Hampton
 

Mark A Hemer

Alistair J Hobday

Ove Hoegh-Guldberg

Tatiana Ilyina

Johanna E Johnson
2

Jeff P Kinch

 

Mecki Kronen
 

Jens C Kruger

Rebecca J Lawton

 

Robert Le Borgne

Patrick Lehodey

Janice M Lough



v

Christophe Maes

Franck Magron
 

Paul A Marshall

Richard J Matear

Len J McKenzie

A David McKinnon

Gerry A Meehl

Jane E Mellors

CV Mohan

Philip L Munday 

 

Simon Nicol
 

James C Orr

 

Claude E Payri

Michael J Phillips

Timothy D Pickering

Silvia Pinca
 

Elvira S Poloczanska

Ben Ponia

Hans O Pörtner
 

Morgan S Pratchett

 

Bo Qiu

Chris Reid
 



vi

Anthony J Richardson

 

Ken R Ridgway

Len Rodwell
 

M Jim Salinger
 

Anne-Maree Schwarz
 

Alex Sen Gupta
 

Inna Senina

Marcus J Sheaves

John Sibert

Paul C Southgate

Craig R Steinberg

Antoine Teitelbaum
 

James P Terry

Aline D Tribollet

Aliti Vunisea
 

Jacob Wani
 

Michelle Waycott

Arthur Webb

Susan E Wijffels

Ashley J Williams

Shaun K Wilson

Jock W Young



vii

Foreword

Dr Jimmie Rodgers
 



viii

Contents  Page

Preface  
Acknowledgements 
Chapter 1

 
Chapter 2

 
Chapter 3

 
Chapter 4

 
Chapter 5

 
Chapter 6

 
Chapter 7

 
Chapter 8

 
Chapter 9

 
Chapter 10

 
Chapter 11

 
Chapter 12

 
Chapter 13

 
Glossary  
Glossary of symbols 
Index  
Abbreviations 
List of referees 



ix

Preface

The Hon Kevin Rudd MP

 



x

Acknowledgements

 



xi

 

 

 

 



xii


	Vulnerability of Tropical Pacific Fisheries and Aquaculture to Climate Change
	Copyright
	Editors and contributors
	Foreword Dr Jimmie Rodgers
	Contents book
	Preface the Hon Kevin Rudd MP
	Acknowledgements
	Chapter 1
	Contents
	1.1 Introduction
	1.1.1 Physical nature of the islands
	1.1.2 Biogeography 
	1.1.3 Ethnic and cultural diversity

	1.2 Demography
	1.3 Nature of local economies and limitations to economic development
	1.3.1 Exclusive economic zones

	1.4 Importance of fisheries to the people of the tropical Pacific
	1.4.1 Economic development  and government revenue
	1.4.2 Food security
	1.4.3 Livelihoods

	1.5 Arrangements to optimise the benefits of fisheries for the region
	1.6 Threats to fisheries benefits from climate change
	1.6.1 The changing climate
	1.6.2 Nature of effects of climate change on fisheries and aquaculture worldwide
	1.6.3 Implications for fisheries

	1.7 Potential impact of climate change on fisheries and aquaculture 		in the tropical Pacific
	1.8 Assessing the vulnerability of fisheries and aquaculture in the 		tropical Pacific to climate change 
	1.8.1 	General approach
	1.8.2 	Climate models
	1.8.3 Assessing vulnerability – a framework
	1.8.4 Scenarios for the tropical Pacific

	References
	Appendix 

	Chapter 2
	Content
	2.1 Introduction
	2.2 Understanding how climate will change – uncertainties
	2.3 Present-day surface climate
	2.3.1 Atmospheric circulation
	2.3.2 Temperature
	2.3.3 Seasonal variation in winds, rainfall and temperatures
	2.3.4 Tropical cyclones
	2.3.5 	Intra-annual, interannual and decadal Pacific climate variability: ENSO, PDO and SAM

	2.4 Recently observed climate trends 
	2.4.1 Surface air temperature
	2.4.2 Rainfall
	2.4.3 South Pacific Convergence Zone 
	2.4.4 Tropical cyclones

	2.5 Projected changes in surface climate
	2.5.1 Air and sea surface temperatures 
	2.5.2 Rainfall
	2.5.3 El Niño-Southern Oscillation events
	2.5.4 Tropical cyclones

	2.6 Summary
	2.7 	Recommendations to reduce uncertainties in projecting 
the future climate
	References

	Chapter 3
	Contents
	3.1 Introduction
	3.1.1 Use of climate simulations

	3.2 Features of the tropical Pacific Ocean
	3.2.1 Large-scale currents 
	3.2.2 Ocean temperature
	3.2.3 Ocean eddies 
	3.2.4 Nutrient supply 
	3.2.5 Dissolved oxygen
	3.2.6 Ocean acidification 
	3.2.7 Wave height
	3.2.8 Sea level 
	3.2.9 Coastal circulation and island effects 

	3.3 Observed and projected changes in the tropical Pacific Ocean
	3.3.1 Large-scale currents
	3.3.2 Ocean temperature 
	3.3.3 Ocean eddies
	3.3.4 Nutrient supply 
	3.3.5 Dissolved oxygen
	3.3.6 Ocean acidification
	3.3.7 Wave height
	3.3.8 Sea level
	3.3.9 Coastal circulation and island effects

	3.4 Summary of present-day ocean features, and observed and projected changes
	3.5 Recommendations to reduce uncertainties in projecting future changes to the tropical Pacific Ocean
	3.5.1 SPCZ and ENSO
	3.5.2 Integrating biogeochemical and physical models
	3.5.3 Dynamical downscaling
	3.5.4 Long-term observations and monitoring

	References
	Appendix 

	Chapter 4
	Contents
	4.1 Introduction
	4.2 General structure and function of food webs for tuna
	4.3 Physical nature of the provinces in the region
	4.3.1 Pacific Equatorial Divergence
	4.3.2 Western Pacific Warm Pool
	4.3.3 North Pacific Tropical Gyre and South Pacific Subtropical Gyre 
	4.3.4 Archipelagic Deep Basins

	4.4 Structure and variability of food webs in each province
	4.4.1 Pacific Equatorial Divergence
	4.4.2 Western Pacific Warm Pool
	4.4.3 North Pacific Tropical Gyre and South Pacific Subtropical Gyre
	4.4.4 Archipelagic Deep Basins
	4.4.5 Overview of differences in food webs among provinces

	4.5 Critical requirements for maintenance of food webs in each province
	4.5.1 Macronutrients and micronutrients
	4.5.2 Temperature
	4.5.3 Dissolved oxygen
	4.5.4 Solar radiation
	4.5.5 Carbon dioxide

	4.6 Recent observed changes in the food webs of provinces
	4.7 Projected changes to the environment and food webs of provinces 
	4.8 Projected vulnerability of food webs in provinces 
	4.8.1 Water temperature 
	4.8.2 Mixed layer depth
	4.8.3 Upwelling
	4.8.4 Solar and ultraviolet radiation
	4.8.5 Dissolved oxygen
	4.8.6 Ocean acidification

	4.9 Integrated vulnerability assessment
	4.9.1 Integrated assessments for each province
	4.9.2 Ecopath model for the Warm Pool

	4.10 Uncertainty, gaps in knowledge and future research
	4.11 Management implications and recommendations
	References

	Chapter 5
	Contents
	5.1 Introduction
	5.2 Structure and distribution of coral reefs in the tropical Pacific  
	5.3 Role of coral reefs in supporting fisheries in the tropical Pacific
	5.4 Critical requirements for coral reefs 
	5.5 Coral reefs in a changing world
	5.5.1 Effects of global warming on coral reefs in the tropical Pacific
	5.5.2 Additional effects of ocean acidification
	5.5.3 Interactions and synergies 
	5.5.4 Changes to coral reefs over time

	5.6 Projected vulnerability of coral reefs to climate change 
	5.6.1 Sea surface temperature
	5.6.2 Solar radiation
	5.6.3 Ocean acidification
	5.6.4 Tropical cyclones and floods
	5.6.5 Sea-level rise
	5.6.6 Ocean circulation and upwelling

	5.7 	Projected changes: coral reefs under low versus high CO2 emissions
	5.7.1 The next two to three decades: coral reefs in 2035 (B1 and A2)
	5.7.2	 Coral reefs in 2100 (B1)
	5.7.3	Coral reefs in 2100 (A2)
	5.7.4	Beyond 2100: reef recovery versus complete collapse

	5.8	Uncertainty, gaps in knowledge and future research
	5.9	Management implications and recommendations
	References

	Chapter 6
	Contents
	6.1 Introduction
	6.2 The nature of mangroves, seagrasses and intertidal flats in the tropical Pacific
	6.2.1 Mangroves
	6.2.2 Seagrasses
	6.2.3 Intertidal flats

	6.3 The role of mangroves, seagrasses and intertidal flats in supporting fisheries in the tropical Pacific
	6.3.1 Mangroves
	6.3.2 Seagrasses
	6.3.3 Intertidal flats

	6.4 Critical requirements for maintaining mangroves, seagrasses and intertidal flats
	6.4.1 Solar radiation
	6.4.2 Temperature
	6.4.3 Nutrients and salinity
	6.4.4 Soils/sediments 

	6.5 Recent variation in mangroves, seagrasses and intertidal flats linked to climate change
	6.5.1 Mangroves
	6.5.2 Seagrasses
	6.5.3 Intertidal flats

	6.6 Projected vulnerability of mangroves, seagrasses and intertidal flats to climate change
	6.6.1 Mangroves
	6.6.2 Seagrasses
	6.6.3 Intertidal flats

	6.7 Integrated vulnerability assessment
	6.7.1 Mangroves
	6.7.2 Seagrasses
	6.7.3 Intertidal flats

	6.8 Uncertainty, gaps in knowledge and future research
	6.9 Management implications and recommendations
	References

	Chapter 7
	Contents
	7.1	Introduction 
	7.2	The nature of freshwater and estuarine habitats in 
the tropical Pacific
	7.2.1	River systems 
	7.2.2	Flow as the driver of riverine ecosystems
	7.2.3	Hierarchical nature of riverine ecosystems
	7.2.4	Habitat templates
	7.2.5	Freshwater and estuarine habitats 
	7.2.6	Natural variability in freshwater and estuarine habitats 

	7.3	Role of freshwater and estuarine habitats in supporting fisheries
	7.3.1	Use of riverine habitats by fish 
	7.3.2	Use of off-channel habitats by fish 
	7.3.3	Contribution of habitats to fish reproduction 
	7.3.4	Role of freshwater and estuarine habitats in fish growth 

	7.4	Critical requirements for maintaining freshwater and 
estuarine habitats
	7.5 Climate change scenarios for Pacific island river systems 
	7.5.1	Direct and indirect climate change effects
	7.5.2	Effects of rainfall on river flow and habitats
	7.5.3	Cyclones and tropical storms
	7.5.4	El Niño-Southern Oscillation events
	7.5.5	Temperature
	7.5.6	Sea-level rise

	7.6	Vulnerability of freshwater and estuarine habitats
	7.6.1 Adaptive capacity of abiotic and vegetated habitats
	7.6.2	Vulnerability of key habitats

	7.7	Interactions between effects of climate change and 
existing impacts
	7.8	Integrated vulnerability assessment
	7.9	Uncertainty, gaps in knowledge and future research
	7.10	Management implications and recommendations
	References

	Chapter 8
	Contents
	8.1 Introduction
	8.2 Nature and status of oceanic fisheries
	8.2.1 Main species and their uses
	8.2.2 Recent harvest levels
	8.2.3 Status of stocks
	8.2.4 Estimated current sustainable production

	8.3 Observed effects of climate variability on tuna
	8.4 Vulnerability of oceanic fisheries to the direct effects of climate change 
	8.4.1 Ocean temperature
	8.4.2 Dissolved oxygen
	8.4.3 Ocean currents
	8.4.4 Ocean acidification

	8.5 Vulnerability of oceanic fisheries to the indirect effects of climate change
	8.5.1 Lower levels of the food web
	8.5.2 Mid levels of the food web

	8.6 Integrated vulnerability assessment
	8.6.1 Ecosystem-tuna simulations

	8.7 Projected changes in the catch of skipjack and bigeye tuna
	8.8 Uncertainty and gaps in knowledge
	8.9 Future research
	8.10 Management implications and recommendations
	References

	Chapter 9
	Contents
	9.1 Introduction
	9.2 Nature and status of coastal fisheries
	9.2.1 Main fisheries and their uses
	9.2.1.1 Demersal fish
	9.2.1.2 Nearshore pelagic fish
	9.2.1.3 Targeted invertebrates
	9.2.1.4 Shallow subtidal and intertidal invertebrates

	9.2.2 Recent harvest levels, stock status and estimated sustainable yields
	9.2.2.1 Fisheries for demersal fish

	9.2.2.3 Fisheries for targeted invertebrates
	9.2.2.2 Fisheries for nearshore pelagic fish
	9.2.2.4 Fisheries for shallow subtidal and intertidal invertebrates

	9.3 Vulnerability to climate change
	9.3.1 Vulnerability to the direct effects of climate change 
	9.3.1.1 Water temperature
	9.3.1.2 Ocean acidification
	9.3.1.3 Ocean currents

	9.3.2 Vulnerability to the indirect effects of climate change

	9.4 Vulnerability of the four categories of coastal fisheries
	9.4.1 Fisheries for demersal fish
	9.4.2 Fisheries for nearshore pelagic fish
	9.4.3 Fisheries for targeted invertebrates
	9.4.4 Fisheries for shallow subtidal and intertidal invertebrates

	9.5 Integrated vulnerability assessment
	9.5.1 Low and high emissions scenarios in 2035
	9.5.2 Low emissions scenario in 2100
	9.5.3 High emissions scenario in 2100

	9.6 Uncertainty, gaps in knowledge and future research
	9.7 Management implications and recommendations
	References
	Appendices

	Chapter 10
	Contents
	10.1 Introduction
	10.2 Nature and status of freshwater and estuarine fisheries
	10.2.1 Main species and their uses
	10.2.2 Recent harvest levels
	10.2.3 Status of stocks
	10.2.4 Estimated sustainable production

	10.3 	Vulnerability of freshwater and estuarine fisheries to the direct effects of climate change
	10.3.1 Water temperature
	10.3.2 River flow
	10.3.3 Salinity
	10.3.4 Dissolved oxygen
	10.3.5 Turbidity

	10.4 Vulnerability of freshwater and estuarine fisheries to the indirect effects of climate change
	10.4.1 Vulnerability of fish and invertebrates to changes in functional 			process zones and freshwater habitats
	10.4.2 Vulnerability of fish and invertebrates to changes 
in estuarine habitats

	10.5 Integrated vulnerability assessment
	10.5.1 Dominant effects
	10.5.2 Projected changes in fisheries yields
	10.5.3 Projected effects on introduced and invasive alien species

	10.6 Uncertainty, gaps in knowledge and future research
	10.7 Management implications and recommendations
	References
	Appendices

	Chapter 11
	contents
	11.1 Introduction
	11.2 Recent and potential aquaculture production
	11.2.1 Commodities for food security
	11.2.2 Commodities for livelihoods

	11.3 Vulnerability of aquaculture to the effects of climate change
	11.3.1 Vulnerability of commodities for food security
	11.3.1.1 Tilapia and carp
	11.3.1.2 Milkfish

	11.3.2 Vulnerability of commodities for livelihoods
	11.3.2.1 Pearls
	11.3.2.2 Shrimp
	11.3.2.3 Seaweed
	11.3.2.4 Marine ornamentals
	11.3.2.5 Freshwater prawns
	11.3.2.6 Marine fish
	11.3.2.7 Sea cucumbers
	11.3.2.8 Trochus

	11.3.3 Climate change, aquaculture and aquatic diseases

	11.4 Integrated vulnerability of the aquaculture sector
	11.5 Opportunities
	11.5.1 New commodities
	11.5.2 Harnessing new opportunities to expand production
	11.5.3 Market instruments and climate change
	11.5.4 Financing options for future development

	11.6 Uncertainty, gaps in knowledge and future research
	11.6.1 Commodities for food security
	11.6.2 Commodities for livelihoods
	11.6.3 Other important considerations

	11.7 Management implications and recommendations
	References

	Chapter 12
	Contents
	12.1 Introduction
	12.2 Contributions to economic development and 
government revenue
	12.2.1 Contributions from industrial tuna fishing
	12.2.2 Plans to increase contributions from industrial tuna fishing
	12.2.3 Contributions from coastal fisheries
	12.2.4 Plans to increase contributions from coastal fisheries
	12.2.5 Contributions from aquaculture
	12.2.6 Plans to increase contributions from aquaculture 

	12.3 Food security
	12.3.1 Current fish consumption
	12.3.2 Plans to maintain fish consumption

	12.4 Livelihoods
	12.4.1 Existing opportunities to earn income based on fisheries 
and  aquaculture
	12.4.2 Plans to increase income earning opportunities based on fisheries and aquaculture

	12.5 Vulnerability of plans for economic development and government revenue
	12.5.1 Vulnerability of economies to changes in the surface tuna fishery
	12.5.2 Vulnerability of economies to changes in the longline tuna fishery

	12.6 	Potential effects on economic development and government revenue from projected changes to the surface tuna fishery
	12.7 Vulnerability of plans for using fish for food security
	12.7.1 Differences in capacity to provide fish among PICTs
	12.7.2 Vulnerability of Group 1
	12.7.3 Vulnerability of Group 2
	12.7.4 Vulnerability of Group 3

	12.8 Vulnerability of plans to create additional livelihoods
	12.9 Implications
	12.9.1 Economic development and government revenue
	12.9.2 Food security
	12.9.3 Livelihoods

	12.10 Conclusions
	References
	Appendices

	Chapter 13
	Contents
	13.1 Introduction
	13.2 Existing management regimes and approaches
	13.2.1 Oceanic fisheries
	13.2.2 Coastal fisheries
	13.2.3 Freshwater and estuarine fisheries
	13.2.4 Aquaculture
	13.2.5 A human rights approach

	13.3 A framework for selecting adaptations
	13.4 Recommended adaptations and suggested supporting policies
	13.4.1 Adaptations for economic development and government revenue (E)
	13.4.2 Supporting policies for economic development and government revenue (E)
	13.4.3 Adaptations for maintaining the contribution of fish to food security (F)
	13.4.4 Supporting policies for maintaining the contribution of fish to food security (F)
	13.4.5 Adaptations for maximising sustainable livelihoods (L)
	13.4.6 Supporting policies for maximising sustainable livelihoods (L)

	13.5 Interactions among adaptations
	13.6 Planning needed to implement key adaptations
	13.7 The need for monitoring
	13.8 Gaps in knowledge
	13.8.1 Knowledge needed to improve the understanding of vulnerability
	13.8.2 Knowledge needed to implement adaptations effectively

	13.9 Investments required
	13.10 Considerations for financing adaptations
	13.11 Concluding remarks
	References
	Appendix

	Glossary
	Glossary of symbols
	Index
	Abbreviations
	List of referees

