nature portfolio

https://doi.org/10.1038/s41586-021-03308-6

Supplementary information

A 20-yearretrospective review of global
aquaculture

In the format provided by the
authors and unedited



Supplemental Information

This list of references includes peer-reviewed articles, reports, and weblinks that were used in the
review "A 20-year retrospective review of global aquaculture" but not cited due to space constraints in
Nature. The list includes individual chapters in edited volumes that were cited as entire volumes in the
review. The references are confined to papers published in English in the international literature. The
authors acknowledge that a more extensive and highly relevant literature on aquaculture exists in non-
English language journals.

10

11

12

13

14

Adams, A. & Thompson, K. D. Development of diagnostics for aquaculture: Challenges
and opportunities. Aquaculture Research 42, 93-102 (2011).

Adams, C. M., Larkin, S. L., Hoagland, P. & Sancewich, B. Assessing the economic
consequences of harmful algal blooms. In Harmful Algal Blooms: A Compendium Desk
Reference (eds S. E. Shumway, J. M. Burkholder, & S. L. Morton) 337-354 (2018).
Aguilar-Manjarrez, J., Soto, D. & Brummett, R. Aquaculture zoning, site selection and
area management under the ecosystem approach to aquaculture. A handbook. Report
No. 978-92-5-109638-3, 395-395 <http://www.fao.org/documents/card/en/c/4c777b3a-
6afc-4475-bfc2-a51646471b0d/> Food and Agriculture Organization of the United
Nations, World Bank Group, Rome, (2017).

Alday-Sanz, V. et al. Facts, truths and myths about SPF shrimp in Aquaculture. Reviews
in Aquaculture 21, 76-84 (2020).

Alder, J., Campbell, B., Karpouzi, V., Kaschner, K. & Pauly, D. Forage Fish: From
Ecosystems to Markets. Annual Review of Environment and Resources 33, 153-166
(2008).

Alividza, V. et al. Investigating the impact of poverty on colonization and infection with
drug-resistant organisms in humans: A systematic review. Infectious Diseases of
Poverty 7, 1-11 (2018).

Allison, E. H. & Mills, D. J. Counting the fish eaten rather than the fish caught.
Proceedings of the National Academy of Sciences of the United States of America 115,
7459-7461 (2018).

Amilhat, E., Lorenzen, K., Morales, E. J., Yakupitiyage, A. & Little, D. Fisheries
production in Southeast Asian Farmer Managed Aquatic Systems (FMAS). Aquaculture
296, 219-226 (2009).

Anderson, J. L., Asche, F. & Garlock, T. Economics of aquaculture policy and regulation.
Annual Review of Resource Economics 11, 101-123 (2019).

AquaCase. Norwegian University of Life Sciences & BioServe. Freshwater edible
aquatic plants, SE Asia, Available at
<http://www.aquacase.org/Aquatic%20plants/aquatic_plants/intro.html> (2020).

Arana, B. E., Chappell, J., Hanson, T. & Amezquita, J. Global Aquaculture Alliance.
Commercial demonstration of in-pond raceways Tilapia production results show
technology’ s potential, Available at
<https://www.aquaculturealliance.org/advocate/commercial-demonstration-of-in-pond-
raceways/> (2018).

Asche, F. et al. The economics of shrimp disease. Journal of Invertebrate Pathology,
107397 (2020).

Asche, F., Cojocaru, A. L. & Roth, B. The development of large scale aquaculture
production: A comparison of the supply chains for chicken and salmon. Aquaculture 493,
446-455 (2018).

Asche, F., Hansen, H., Tveteras, R. & Tvetaras, S. The Salmon Disease Crisis in Chile.
Marine Resource Economics 24, 405-411 (2009).



15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Asche, F. & Smith, M. D. Viewpoint: Induced Innovation in Fisheries and Aquaculture.
Food Policy 76, 1-7 (2018).

Austin, B. & Newaj-Fyzul, A. Diagnosis and Control of Diseases of Fish and Shellfish.
(John Wiley & Sons, Ltd, 2017).

Auzoux-Bordenave, S. et al. Ocean acidification impacts growth and shell mineralization
in juvenile abalone (Haliotis tuberculata). Marine Biology 167, 1-11 (2020).

Balina, K., Romagnoli, F. & Blumberga, D. Seaweed biorefinery concept for sustainable
use of marine resources. Energy Procedia 128, 504-511 (2017).

Basti, L., Hégaret, H. & Shumway, S. E. Harmful Algal Blooms and Shellfish. In Harmful
Algal Blooms: A Compendium Desk Reference (eds S. E. Shumway, J. M. Burkholder, &
S. L. Morton) 135-190 (John Wiley & Sons, Ltd., 2018).

Belton, B. & Azad, A. The characteristics and status of pond aquaculture in Bangladesh.
Aquaculture 358-359, 196-204 (2012).

Belton, B., Haque, M. M. & Little, D. C. Does size matter? Reassessing the relationship
between aquaculture and poverty in Bangladesh. Journal of Development Studies 48,
904-922 (2012).

Belton, B., van Asseldonk, I. J. M. & Thilsted, S. H. Faltering fisheries and ascendant
aquaculture: Implications for food and nutrition security in Bangladesh. Food Policy 44,
77-87 (2014).

Betancor, M. B. et al. Evaluation of a high-EPA oil from transgenic Camelina sativa in
feeds for Atlantic salmon (Salmo salar L.): Effects on tissue fatty acid composition,
histology and gene expression. Aquaculture 444, 1-12 (2015).

Bjerndal, T. & Tusvik, A. Economic analysis of land based farming of salmon.
Aquaculture Economics and Management 23, 449-475 (2019).

Bjarndal, T. & Tusvik, A. Economic analysis of on-growing of salmon post-smolts.
Aquaculture Economics & Management, 1-32 (2020).

Blanchard, J. L. et al. Linked sustainability challenges and trade-offs among fisheries,
aquaculture and agriculture. Nature Ecology and Evolution 1, 1240-1249 (2017).
Bogard, J. R., Farmery, A. K., Little, D. C., Fulton, E. A. & Cook, M. Will fish be part of
future healthy and sustainable diets? The Lancet Planetary Health 3, e159-e160 (2019).
Bogard, J. R. et al. Higher fish but lower micronutrient intakes: Temporal changes in fish
consumption from capture fisheries and aquaculture in Bangladesh. PLoS ONE 12, 1-14
(2017).

Bogard, J. R. et al. Inclusion of small indigenous fish improves nutritional quality during
the first 1000 days. Food and Nutrition Bulletin 36, 276-289 (2015).

Bogard, J. R., Marks, G. C., Mamun, A. & Thilsted, S. H. Non-farmed fish contribute to
greater micronutrient intakes than farmed fish: Results from an intra-household survey in
rural Bangladesh. Public Health Nutrition 20, 702-711 (2017).

Bogard, J. R., Marks, G. C., Wood, S. & Thilsted, S. H. Measuring nutritional quality of
agricultural production systems: Application to fish production. Global Food Security 16,
54-64 (2018).

Bogard, J. R. et al. Nutrient composition of important fish species in Bangladesh and
potential contribution to recommended nutrient intakes. Journal of Food Composition
and Analysis 42, 120-133 (2015).

Boissy, J. et al. Environmental impacts of plant-based salmonid diets at feed and farm
scales. Aquaculture 321, 61-70 (2011).

Bolton, J., Robertson-Andersson, D., Troell, M. & Halling, C. Integrating seaweeds into
South African Abalone Aquaculture. Global Aquaculture Advocate 9 (2006).
Bondad-Reantaso, M. G. et al. Disease and health management in Asian aquaculture.
Veterinary Parasitology 132, 249-272 (2005).



36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

Bouwman, A. F. et al. Global hindcasts and future projections of coastal nitrogen and
phosphorus loads due to shellfish and seaweed aquaculture. Reviews in Fisheries
Science 19, 331-357 (2011).

Boyd, C. E. et al. Achieving sustainable aquaculture: Historical and current perspectives
and future needs and challenges. Journal of the World Aquaculture Society 51, 578-633
(2020).

Boyd, C. E. & McNevin, A. A. Aquaculture, Resource Use, and the Environment. (John
Wiley & Sons, Inc., 2015).

Bricker, S. B. et al. Effects of nutrient enrichment in the nation's estuaries: A decade of
change. Harmful Algae 8, 21-32 (2008).

Brummett, R. E. et al. Reducing Disease Risk In Aquaculture. 97
<http://documents.worldbank.org/curated/en/110681468054563438/Reducing-disease-
risk-in-aquaculture> World Bank Group, (2014).

Buck, B. H. et al. State of the art and challenges for offshore integrated multi-rrophic
aquaculture (IMTA). Frontiers in Marine Science 5, 1-32 (2018).

Bunting, S. W. & Little, D. C. Urban Aquaculture. In Annotated Bibliography on Urban
Agriculture (eds Wietse Bruinsma & Wilfrid Herto) 446-477 (Swedish International
Development Agency, 2002).

Burkholder, J. M., Shumway, S. E. & Glibert, P. M. Food web and ecosystem impacts of
harmful algae. In Harmful Algal Blooms: A Compendium Desk Reference (eds S. E.
Shumway, J. M. Burkholder, & S. L. Morton) 243-336 (2018).

Burridge, L., Weis, J. S., Cabello, F., Pizarro, J. & Bostick, K. Chemical use in salmon
aquaculture: A review of current practices and possible environmental effects.
Aquaculture 306, 7-23 (2010).

Buschmann, A. H. & Camus, C. An introduction to farming and biomass utilisation of
marine macroalgae. Phycologia 58, 443-445 (2019).

Cabello, F. C., Godfrey, H. P., Buschmann, A. H. & Ddlz, H. J. Aquaculture as yet
another environmental gateway to the development and globalisation of antimicrobial
resistance. The Lancet Infectious Diseases 16, e127-e133 (2016).

Cage, A., McLuckie, M. & Thoumi, G. Salmon Feels the Heat: Capital at risk from
investor concentration in the salmon aquaculture industry. <https://planet-
tracker.org/download/785/> Planet Tracker, (2019).

Cai, J. & Leung, P. Short-term projection of global fish demand and supply gaps. Report
No. 9789251098578, 114 <http://agris.fao.org/agris-
search/search.do?recordID=XF2018000754>, (2017).

Callaway, R. et al. Review of climate change impacts on marine aquaculture in the UK
and Ireland. Aquatic Conservation: Marine and Freshwater Ecosystems 22, 389-421
(2012).

Caraco, N. F. Influence of human populations on P transfers to aquatic systems: A
regional scale study using large rivers. In Phosphorus in the Global Environment (ed. H.
Tiessen) 235-247 (John Wiley & Sons, Ltd, 1995).

Carnegie, R. B, Arzul, |. & Bushek, D. Managing marine mollusc diseases in the context
of regional and international commerce: Policy issues and emerging concerns.
Philosophical Transactions of the Royal Society B: Biological Sciences 371, 1-11 (2016).
Cashion, T., Le Manach, F., Zeller, D. & Pauly, D. Most fish destined for fishmeal
production are food-grade fish. Fish and Fisheries 18, 837-844 (2017).

Cashion, T., Tyedmers, P. & Parker, R. W. R. Global reduction fisheries and their
products in the context of sustainable limits. Fish and Fisheries 18, 1026-1037 (2017).
Catalan, I. A. et al. Critically examining the knowledge base required to mechanistically
project climate impacts: A case study of Europe's fish and shellfish. Fish and Fisheries
20, 501-517 (2019).



55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

Certification and Ratings Collaboration. Sustainable Seafood: A Global Benchmark. 12
Certification and Ratings Collaboration, (2015).

China State Council. The Notice of the State Council on the Action Plan for Water
Pollution Prevention and Control, Available at
<http://www.gov.cn/zhengce/content/2015-04/16/content_9613.htm> (2015).

Chiu, A. et al. Feed and fishmeal use in the production of carp and tilapia in China.
Aquaculture 414, 127-134 (2013).

Chopin, T. Integrated Multi-Trophic Aquaculture: Ancient, Adaptable Concept Focuses
On Ecological Integration. Global Aquaculture Advocate 16.2, 16-19 (2013).

Chopin, T. et al. Integrating seaweeds into marine aquaculture systems: A key toward
sustainability. Journal of Phycology 37, 975-986 (2001).

Chopin, T., Cooper, J. A., Reid, G., Cross, S. & Moore, C. Open-water integrated multi-
trophic aquaculture: Environmental biomitigation and economic diversification of fed
aquaculture by extractive aquaculture. Reviews in Aquaculture 4, 209-220 (2012).
Chopin, T., Yarish, C. & Sharp, G. Beyond the Monospecific Approach to Animal
Aquaculture — The Light of Integrated Multi-Trophic Aquaculture. In Ecological and
Genetic Implications of Aquaculture Activities (ed. Bert T.M.) 447-458 (Springer-Verlag,
2007).

Chung, I. K., Sondak, C. F. A. & Beardall, J. The future of seaweed aquaculture in a
rapidly changing world. European Journal of Phycology 52, 495-505 (2017).

Clavelle, T., Lester, S. E., Gentry, R. & Froehlich, H. E. Interactions and management for
the future of marine aquaculture and capture fisheries. Fish and Fisheries, 1-21 (2019).
Clements, J. C. & Comeau, L. A. Nitrogen removal potential of shellfish aquaculture
harvests in eastern Canada: A comparison of culture methods. Aquaculture Reports 13
(2019).

Cochrane, K., De Young, C., Soto, D. & Bahri, T. Climate Change Implications for
Fisheries and Aquaculture. 212
<http://www.ipcinfo.org/fileadmin/user_upload/newsroom/docs/FTP530.pdf>, (2009).
Coen, L. D., Dumbauld, B. R. & Judge, M. L. Expanding shellfish aquaculture: a review
of the ecological services provided by and impacts of native and cultured bivalves in
shellfish-dominated ecosystems. In Shellfish Aquaculture and the Environment (ed.
Sandra E. Shumway) 239-318 (Wiley-Blackwell, 2011).

Cole, D. W. et al. Aquaculture: Environmental, toxicological, and health issues.
International Journal of Hygiene and Environmental Health 212, 369-377 (2009).
Cooley, S. R. & Doney, S. C. Anticipating ocean acidification's economic consequences
for commercial fisheries. Environmental Research Letters 4(2) (2009).

Costa-Pierce, B. A. Ecological Aquaculture: The Evolution of the Blue Revolution. 382
(John Wiley & Sons, Inc., 2008).

Costa-Pierce, B. A. Sustainable ecological aquaculture systems: The need for a new
social contract for aquaculture development. Marine Technology Society Journal 44, 88-
112 (2010).

Cottrell, R. S. et al. Food production shocks across land and sea. Nature Sustainability
2, 130-137 (2019).

Cranford, P. J. Magnitude and extend of water clarification services provided by bivalve
suspension feeding. In Goods and Services of Marine Bivalves (eds A.C. Smaal et al.)
119-141 (Springer Open, 2019).

Cranford, P. J., Ward, J. E. & Shumway, S. E. Bivalve Filter Feeding: Variability and
Limits of the Aquaculture Bidfilter. In Shellfish Aquaculture and the Environment (ed.
Sandra E. Shumway) 81-124 (John Wiley & Sons, Inc., 2011).

Cremer, M., Chappell, J. A., Zhang, J. & Enhua, Z. New intensive pond technology
demonstrated in China. Global Aquaculture Advocate 1, 60-62 (2014).



75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

Creswell, R. L. & McNevin, A. A. Better management practices for bivalve molluscan
aquaculture. In Environmental Best Management Practices for Aquaculture (eds C.
Tucker & J. A. Hargreaves) 427-486 (Wiley-Blackwell, 2008).

Culot, A., Grosset, N. & Gautier, M. Overcoming the challenges of phage therapy for
industrial aquaculture: A review. Aquaculture 513, 734423 (2019).

D'Amico, P. et al. Seafood traceability issues in Chinese food business activities in the
light of the European provisions. Food Control 35, 7-13 (2014).

Dabbadie, L. et al. Effects of climate change on aquaculture: drivers, impacts and
policies. Impacts of climate change on fisheries and aquaculture. In Impacts of climate
change on fisheries and aquacultureSynthesis of current knowledge, adaptation and
mitigation options (eds M Barange et al.) 449-464 (UN FAO, 2018).

De loannes, P. et al. Hemocyanin of the molluscan Concholepas concholepas exhibits
an unusual heterodecameric array of subunits. Journal of Biological Chemistry 279,
26134-26142 (2004).

De Roos, B. et al. Linking agroecosystems producing farmed seafood with food security
and health status to better address the nutritional challenges in Bangladesh. Public
Health Nutrition 22, 2941-2949 (2019).

Dempster, T. & Holmer, M. Introducing the new multidisciplinary journal aquaculture
environment interactions. Aquaculture Environment Interactions 1(1), i-ii (2010).
Deutsch, L., Troell, M., Limburg, K. & Huitric, M. Global trade of fisheries products:
Implications for marine ecosystems and their services. Ecosystem Services and Global
Trade of Natural Resources: Ecology, Economics and Policies, 120-147 (2013).

Dey, B. K., Dugassa, G. H., Hinzano, S. M. & Bossier, P. Causative agent, diagnosis
and management of white spot disease in shrimp: A review. Reviews in Aquaculture
12(2), 1-44 (2019).

Drgnen, O. A. Ocean Farm’s big brother will go ahead says SalMar. Fish Farming Expert
(2018). <https://www.fishfarmingexpert.com/article/ocean-farms-big-brother-to-go-
ahead-says-salmar/>.

Duarte, C. M., Marba, N. & Holmer, M. Rapid domestication of marine species. Science
316, 382-383 (2007).

FAO. The State of the World’s Land and Water Resources for Food and Agriculture
(SOLAW) — Managing Systems at Risk. Report No. 9780203142837, Rome, ltaly,
(2011).

FAO. The State of World Fisheries and Aquaculture - Meeting the Sustainable
Development Goals. 227 <http://lwww.fao.org/3/I9540EN/i9540en.pdf>, Rome, Italy,
(2018).

FAO. Domestic and International Commodity Price Database, Available at
<http://www.fao.org/giews/food-prices> (2020).

FAO. Summary of the impacts of the COVID-19 pandemic on the fisheries and
aquaculture sector: Addendum to the State of World Fisheries and Aquaculture. Report
No. 978-92-5-132789-0, 1-4 <http://www.fao.org/documents/card/en/c/ca9349en> FAO,
Rome, (2020).

FAO. FishstatJ: Fishery and Aquaculture Statistics. Global production by production
source, 1950-2018. <http://www.fao.org/fishery/statistics/software/fishstatj/en> Fish and
Aquaculture Organization of the United Nations, Rome, (2020).

Faruk, M. A. R., Sarker, M. M. R., Alam, M. J. & Kabir, M. B. Economic Loss from Fish
Diseases on Rural Freshwater Aquaculture of Bangladesh. Pakistan Journal of
Biological Sciences 7, 2086-2091 (2004).

Ferreira, J. G. et al. Overview of eutrophication indicators to assess environmental
status within the European Marine Strategy Framework Directive. Estuarine, Coastal and
Shelf Science 93, 117-131 (2011).



93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

Ferreira, J. G., Grant, J., Verner-Jeffreys, D. W. & Taylor, N. G. H. Modeling
Frameworks for Determination of Carrying Capacity for Aquaculture. In Sustainable
Food Production (eds P. Christou et al.) 417-448 (Springer, 2013).

Filgueira, R., Strohmeier, T. & Strand, &. Regulating Services of Bivalve Molluscs in the
Context of the Carbon Cycle and Implications for Ecosystem Valuation. In Goods and
Services of Marine Bivalves (eds A. C. Smaal et al.) 231-251 (Springer International
Publishing, 2019).

FishFarmingExpert. 44 Norwegian salmon farmers ditch Brazilian soy, Available at
<https://lwww.fishfarmingexpert.com/article/norwegian-salmon-farming-co-op-ditches-
brazilian-soy/> (2019).

Flynn, K. J. & McGillicuddy, D. J. Modeling Marine Harmful Algal Blooms: Current Status
and Future Prospects. In Harmful Algal Blooms: A Compendium Desk Reference (eds S.
E. Shumway, J. M. Burkholder, & S. L. Morton) 115-134 (John Wiley & Sons, Ltd.,
2018).

Folke, C. & Kautsky, N. The role of ecosystems for a sustainable development of
aquaculture. Ambio 18, 234-243 (1989).

French, R. K. & Holmes, E. C. An Ecosystems Perspective on Virus Evolution and
Emergence. Trends in Microbiology 28(3), 1-11 (2020).

Frieder, C. A., Applebaum, S. L., Pan, T. C. F., Hedgecock, D. & Manahan, D. T.
Metabolic cost of calcification in bivalve larvae under experimental ocean acidification.
ICES Journal of Marine Science 74, 941-954 (2017).

Frieder, C. A., Applebaum, S. L., Pan, T. C. F. & Manahan, D. T. Shifting balance of
protein synthesis and degradation sets a threshold for larval growth under environmental
stress. Biological Bulletin 234, 45-57 (2018).

Froehlich, H. E., Afflerbach, J. C., Frazier, M. & Halpern, B. S. Blue growth potential to
mitigate climate change through seaweed offsetting. Current Biology 29, 3087-3093
(2019).

Froehlich, H. E., Runge, C. A., Gentry, R. R., Gaines, S. D. & Halpern, B. S.
Comparative terrestrial feed and land use of an aquaculture-dominant world.
Proceedings of the National Academy of Sciences 115, 5295-5300 (2018).

Froehlich, H. E., Smith, A., Gentry, R. R. & Halpern, B. S. Offshore aquaculture: | know it
when | see it. Frontiers in Marine Science 4, 154 (2017).

Fry, J. P. et al. Environmental health impacts of feeding crops to farmed fish.
Environment International 91, 201-214 (2016).

Fry, J. P., Mailloux, N. A., Love, D. C., Milli, M. C. & Cao, L. Feed conversion efficiency
in aquaculture: do we measure it correctly? Environmental Research Letters 13(2),
024017 (2018).

Gallardi, D. Effects of bivalve aquaculture on the environment and their possible
mitigation: a review. Fisheries and Aquaculture Journal 5(3), 1000105 (2014).
Garaway, C. & Arthur, R. Measuring fish catch and consumption: Practical methods for
small-scale fisheries based on length as an alternative to weight-based approaches.
Fisheries Management and Ecology 27, 270-278 (2019).

Garnett, T., Little, D. & R&0s, E. Lean, green, mean, obscene...? What is efficiency?
And is it sustainable? Animal production and consumption reconsidered. Report No.
1751731111, 48 Food Climate Research Network, (2015).

Gasco, L. et al. Sustainable Alternatives for Dietary Fish Oil in Aquafeeds: Actual
Situation and Future Perspectives. In Feeds for the Aquaculture Sector. SpringerBriefs
in Molecular Science 49-61 (Springer, Cham, 2018).

Gatlin, D. M. et al. Expanding the utilization of sustainable plant products in aquafeeds:
A review. Aquaculture Research 38, 551-579 (2007).



111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

Genschick, S., Marinda, P., Tembo, G., Kaminski, A. M. & Thilsted, S. H. Fish
consumption in urban Lusaka: The need for aquaculture to improve targeting of the poor.
Aquaculture 492, 280-289 (2018).

Gentry, R. R., Ruff, E. O. & Lester, S. E. Temporal patterns of adoption of mariculture
innovation globally. Nature Sustainability 2, 949-956 (2019).

Gephart, J. A., Deutsch, L., Pace, M. L., Troell, M. & Seekell, D. A. Shocks to fish
production: Identification, trends, and consequences. Global Environmental Change 42,
24-32 (2017).

Gephart, J. A. et al. Scenarios for Global Aquaculture and Its Role in Human Nutrition.
Reviews in Fisheries Science & Aquaculture 29, 122-138 (2021).

Gephart, J. A. et al. The ‘seafood gap’ in the food-water nexus literature—issues
surrounding freshwater use in seafood production chains. Advances in Water Resources
110, 505-514 (2017).

Geraldi, N. R. et al. Fingerprinting Blue Carbon: rationale and tools to determine the
source of organic carbon in marine depositional environments. Frontiers in Marine
Science 6, 263 (2019).

Glencross, B. et al. Effective use of microbial biomass products to facilitate the complete
replacement of fishery resources in diets for the black tiger shrimp, Penaeus monodon.
Aquaculture 431, 12-19 (2014).

Glencross, B. D. et al. Risk assessment of the use of alternative animal and plant raw
material resources in aquaculture feeds. Reviews in Aquaculture 12(2), 703-758 (2019).
Glibert, P. & Burford, M. Globally changing nutrient loads and harmful algal blooms:
recent advances, new paradigms, and continuing challenges. Oceanography 30(1), 58-
69 (2017).

Glibert, P. M. Eutrophication, harmful algae and biodiversity — Challenging paradigms in
a world of complex nutrient changes. Marine Pollution Bulletin 124, 591-606 (2017).
Glibert, P. M., Berdalet, E., Burford, M. A., Pitcher, G. C. & Zhou, M. (ed.) Global
Ecology and Oceanography of Harmful Algal Blooms. (Springer International Publishing,
2018).

Glibert, P. M. & Burkholder, J. M. The complex relationships between increases in
fertilization of the earth, coastal eutrophication and proliferation of harmful algal blooms.
In Ecology of Harmful Algae. Ecological Studies (Analysis and Synthesis) (eds E.
Granéli & J.T. Turner) 341-354 (Springer, 2006).

Glibert, P. M. & Burkholder, J. M. Causes of Harmful Algal Blooms. In Harmful Algal
Blooms: A Compendium Desk Reference (eds S. E. Shumway, J. M. Burkholder, & S. L.
Morton) 1-38 ( John Wiley & Sons, Ltd., 2018).

Glibert, P. M., Maranger, R., Sobota, D. J. & Bouwman, L. The Haber Bosch-harmful
algal bloom (HB-HAB) link. Environmental Research Letters 9(10), 105001 (2014).
Glibert, P. M., Pitcher, G. C., Bernard, S. & Li, M. Advancements and continuing
challenges of emerging technologies and tools for detecting harmful algal blooms, their
antecedent conditions and toxins, and applications in predictive models. In Global
Ecology and Oceanography of Harmful Algal Blooms (eds Patricia M. Glibert et al.) 339-
358 (Springer, 2018).

Gobler, C. J. & Davis, T. W. (ed.) Global expansion of harmful cyanobacterial blooms:
Diversity, ecology, causes, and controls. (2016).

Godfrey, M. China offshore aquaculture set for 2022 as investments dry up. Seafood
Source (2019). <https://www.seafoodsource.com/news/aquaculture/china-offshore-
aquaculture-set-for-2022-as-investments-dry-up>.

Godwin, S., KrkoSek, M., Reynolds, J. & Bateman, A. Bias in self-reported parasite data
from the salmon farming industry. Ecological Applications 31(1), e02226 (2019).



129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

Golden, C. D. et al. Does aquaculture support the needs of nutritionally vulnerable
nations? Frontiers in Marine Science 4, 159 (2017).

Gonzalez-Poblete, E., Hurtado F, C. F., Rojo S, C. & Norambuena C, R. Blue mussel
aquaculture in Chile: Small or large scale industry? Aquaculture 493, 113-122 (2018).
Grant, J. & Pastres, R. Ecosystem models of bivalve aquaculture: implications for
supporting goods and services. In Goods and Services of Marine Bivalves (eds A. C.
Smaal et al.) 507-525 (Springer, Cham, 2019).

Groner, M. L. et al. Managing marine disease emergencies in an era of rapid change.
Philosophical Transactions of the Royal Society 371, 1-10 (2016).

Guillen, J. et al. Aquaculture subsidies in the European Union: Evolution, impact and
future potential for growth. Marine Policy 104, 19-28 (2019).

Guillen, J. et al. Global seafood consumption footprint. Ambio 48, 111-122 (2019).

Ha, T. T. T., Bush, S. R., Mol, A. P. J. & Van Dijk, H. Organic coasts? Regulatory
challenges of certifying integrated shrimp-mangrove production systems in Vietnam.
Journal of Rural Studies 28, 631-639 (2012).

Haddeland, I. et al. Global water resources affected by human interventions and climate
change. Proceedings of the National Academy of Sciences of the United States of
America 111, 3251-3256 (2014).

Haghiri, M. & Simchi, A. Consumer attitudes toward mandatory traceability and labeling
systems for farmed Atlantic salmon. Journal of International Food & Agribusiness
Marketing 24, 121-136 (2012).

Hallegraeff, G. M. Ocean climate change, phytoplankton community responses, and
harmful algal blooms: A formidable predictive challenge. Journal of Phycology 46, 220-
235 (2010).

Hallstrom, E. et al. Combined climate and nutritional performance of seafoods. Journal
of Cleaner Production 230, 402-411 (2019).

Hamilton, H. A., Newton, R., Auchterlonie, N. A. & Miller, D. B. Systems approach to
quantify the global omega-3 fatty acid cycle. Nature Food 1, 59-62 (2020).

Hamilton, S. Assessing the role of commercial aquaculture in displacing mangrove
forest. Bulletin of Marine Science 89, 585-601 (2013).

Hamilton, S. E. No evidence that shrimp aquaculture is responsible for minimal
mangrove deforestation. BioScience 65(5), 457-457 (2015).

Hamilton, S. E. & Lovette, J. Ecuador's mangrove forest carbon stocks: A spatiotemporal
analysis of living carbon holdings and their depletion since the advent of commercial
aquaculture. PLoS ONE 10, 1-14 (2015).

Hargreaves, J. A. Molluscan shellfish aquaculture and best management practices. In
Shellfish Aquaculture and the Environment (ed. Sandra E. Shumway) 51-80 (Wiley-
Blackwell, 2011).

Havenstein, G. B., Ferket, P. R. & Qureshi, M. A. Growth, livability, and feed conversion
of 1957 versus 2001 broilers when fed representative 1957 and 2001 broiler diets.
Poultry Science 82, 1500-1508 (2003).

Hemre, G.-I. et al. Criteria for safe use of plant ingredients in diets for aquacultured fish.
European Journal of Nutrition & Food Safety 8, 240-242 (2018).

Hendricks, J. D. Adventitious Toxins. In Fish Nutrition (Third Edition) (eds J. E. Halver &
R. W. Hardy) 601-649 (Academic Press, 2002).

Hendriks, |. E., Duarte, C. M. & Alvarez, M. Vulnerability of marine biodiversity to ocean
acidification: A meta-analysis. Estuarine, Coastal and Shelf Science 86, 157-164 (2010).
Henriques, J., Dick, J. R., Tocher, D. R. & Bell, J. G. Nutritional quality of salmon
products available from major retailers in the UK: Content and composition of n-3 long-
chain PUFA. British Journal of Nutrition 112, 964-975 (2014).



150

151

152

153

154

155

156

157

158

159

160

161

162

163
164

165

166
167

168

169

170

171

172

Hicks, C. C. et al. Harnessing global fisheries to tackle micronutrient deficiencies. Nature
574, 95-98 (2019).

Higgins, C. B., Stephenson, K. & Brown, B. L. Nutrient bioassimilation capacity of
aquacultured oysters: Quantification of an ecosystem service. Journal of Environmental
Quality 40, 271-277 (2011).

Hilborn, R., Banobi, J., Hall, S. J., Pucylowski, T. & Walsworth, T. E. The environmental
cost of animal source foods. Frontiers in Ecology and the Environment 16, 329-335
(2018).

Hinder, S. L. et al. Changes in marine dinoflagellate and diatom abundance under
climate change. Nature Climate Change 2, 271-275 (2012).

Hinojosa, I. A. & Thiel, M. Floating marine debris in fjords, gulfs and channels of
southern Chile. Marine Pollution Bulletin 58, 341-350 (2009).

Hoagland, P. & Scatasta, S. The Economic Effects of Harmful Algal Blooms. In Ecology
of Harmful Algae. Ecological Studies (Analysis and Synthesis) (eds E. Granéli & J.T.
Turner) 391-402 (Springer, 2006).

Hoegh-Guldberg, O. The Ocean as a Solution to Climate Change: Five Opportunities for
Action. 116 High Level Panel for a Sustainable Ocean Economy, (2019).

Holmer, M. Environmental issues of fish farming in offshore waters: perspectives,
concerns and research needs. Aquaculture Environment Interactions 1, 57-70 (2010).
Howard, J. et al. Clarifying the role of coastal and marine systems in climate mitigation.
Frontiers in Ecology and the Environment 15, 42-50 (2017).

Howarth, R. W. Coastal nitrogen pollution: A review of sources and trends globally and
regionally. Harmful Algae 8, 14-20 (2008).

Hurd, C. L., Harrison, P. J., Bischof, K. & Lobban, C. S. Seaweed Ecology and
Physiology. 2nd edn, (Cambridge University Press, 2014).

IFFO. International Fishmeal and Fish Oil Organisation. Fishmeal and Fish Oil
Statistical Yearbook 2017, Available at <https://www.iffo.net/> (2017).

Ina-Salwany, M. Y. et al. Vibriosis in fish: a review on disease development and
prevention. Journal of Aquatic Animal Health 31, 3-22 (2019).

IndexMundi. IndexMundi, Available at <www.indexmundi.com> (2020).

Irianto, A. & Austin, B. Review Probiotics in aquaculture. Journal of Fish Diseases
25(11), 633-642 (2002).

Ito, S. From rice to prawns: Economic transformation and agrarian structure in rural
Bangladesh. Journal of Peasant Studies 29, 47-70 (2002).

Jackson, A. Fish in - fish out ratios explained. Aquaculture Europe 34, 5-10 (2009).
Jacquet, J., Sebo, J. & Elder, M. Seafood in the future: Bivalves are better. Solutions 8,
27-32 (2017).

Jensen, |. J. et al. Farmed Atlantic salmon (Salmo salar L.) is a good source of long
chain omega-3 fatty acids. Nutrition Bulletin 37, 25-29 (2012).

Jouffray, J.-b., Blasiak, R., Norstréom, A. V., Osterblom, H. & Nystrém, M. The blue
acceleration: the trajectory of human expansion into the ocean. One Earth 2, 43-54
(2020).

Kang, B. et al. Inland fisheries in China: past, present, and future. Reviews in Fisheries
Science and Aquaculture 25, 270-285 (2017).

Karlsen, K. M., Sarensen, C. F., Foras, F. & Olsen, P. Critical criteria when
implementing electronic chain traceability in a fish supply chain. Food Control 22, 1339-
1347 (2011).

Kelly, E. L. A., Cannon, A. L. & Smith, J. E. Environmental impacts and implications of
tropical carrageenophyte seaweed farming. Conservation Biology 34(2), 326-337 (2020).



173  Kleitou, P., Kletou, D. & David, J. Is Europe ready for integrated multi-trophic
aquaculture? A survey on the perspectives of European farmers and scientists with
IMTA experience. Aquaculture 490, 136-148 (2018).

174  Knapp, G. & Rubino, M. C. The political economics of marine aquaculture in the United
States. Reviews in Fisheries Science and Aquaculture 24, 213-229 (2016).

175  Kobayashi, M. et al. Fish to 2030: The Role and Opportunity for Aquaculture.
Aquaculture Economics and Management 19, 282-300 (2015).

176  Kolding, J., van Zwieten, P., Marttin, F., Funge-Smith, S. & Poulain, F. Freshwater small
pelagic fish and their fisheries in major African lakes and reservoirs in relation to food
security and nutrition. Report No. 9789251308134, (2019).

177  Kongsbak, K., Thilsted, S. H. & Wahed, M. A. Effect of consumption of the nutrient-
dense, freshwater small fish Amblypharyngodon mola on biochemical indicators of
vitamin A status in Bangladeshi children: A randomised, controlled study of efficacy.
British Journal of Nutrition 99, 581-597 (2008).

178  Kravanja, Z. 26th European Symposium on Computer Aided Process Engineering,
Volume 38: Part A and B. 1st edn, (Elsevier Science Publishers B. V., 2016).

179  Krkosek, M. Population biology of infectious diseases shared by wild and farmed fish.
Canadian Journal of Fisheries and Aquatic Sciences 74, 620-628 (2017).

180  Krkosek, M. et al. Effects of parasites from salmon farms on productivity of wild salmon.
Proceedings of the National Academy of Sciences of the United States of America 108,
14700-14704 (2011).

181  Lambin, E. F. & Meyfroidt, P. Global land use change, economic globalization, and the
looming land scarcity. Proceedings of the National Academy of Sciences of the United
States of America 108, 3465-3472 (2011).

182 Lemasson, A., Fletcher, S., Hall-Spencer, J. & Knights, A. Linking the biological impacts
of ocean acidification on oysters to changes in ecosystem services: A review. Journal of
Experimental Marine Biology and Ecology 492, 49-62 (2017).

183 Leschen, W. Thematic Background Study No 5: Genetic resources for farmed freshwater
macrophytes: A Review. <http://www.fao.org/cofi/46220-
0c01d74940144a468674c816958a1889f.pdf> FAO, (2017).

184  Lester, S. E. et al. Marine spatial planning makes room for offshore aquaculture in
crowded coastal waters. Nature Communications 9, 1-13 (2018).

185 Li, R, Liu, S., Jing, Z., Zengjie, J. & Fang, J. Sources and export of nutrients associated
with integrated multi- trophic aquaculture in Sanggou Bay, China. Aquaculture
Environment Interactions 8, 285-309 (2016).

186 Li, W,, Cheng, X, Xie, J., Wang, Z. & Yu, D. Hydrodynamics of an in-pond raceway
system with an aeration plug-flow device for application in aquaculture: an experimental
study. Royal Society Open Science 6, 182061 (2019).

187  Li, Y., Meseck, S. L., Dixon, M. S., Rivara, K. & Wikfors, G. H. Temporal variability in
phytoplankton removal by a commercial, suspended eastern oyster nursery and effects
on local plankton dynamics. Journal of Shellfish Research 31, 1077-1089 (2012).

188 Lieke, T. et al. Sustainable aquaculture requires environmental-friendly treatment
strategies for fish diseases. Reviews in Aquaculture 12(2), 943-965 (2019).

189  Lipton, D., Parker, M., Duberg, J. & Rubino, M. An Approach to Determining Economic
Impacts of U.S. Aquaculture. 36
<https://spo.nmfs.noaa.gov/sites/default/files/ TMPSPO197.pdf> NOAA Technical
Memorandum NMFS-F/SPO-197, (2019).

190 Little, D. C. et al. Alleviating poverty through aquaculture: progress, opportunities and
improvements in Farming the waters for people and food. Proceedings of the Global
Conference on Aquaculture 2010. (FAO, Rome and NACA, Bangkok, 2012).

10



191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

Little, D. C. et al. Whitefish wars: Pangasius, politics and consumer confusion in Europe.
Marine Policy 36, 738-745 (2012).

Littman, R. A. et al. Coastal urbanization influences human pathogens and microdebris
contamination in seafood. Science of the Total Environment 736, 139081 (2020).

Liu, H., Séderhall, K. & Jiravanichpaisal, P. Antiviral immunity in crustaceans. Fish and
Shellfish Immunology 27, 79-88 (2009).

Liu, J. & Li, Z. The role of exotics in Chinese inland aquaculture. In Success stories in
Asian aquaculture (eds Sena S. de Silva & F. Brian Davy) 173-185 (Springer, Dordrecht,
2010).

Liu, X., Steele, J. C. & Meng, X. Z. Usage, residue, and human health risk of antibiotics
in Chinese aquaculture: A review. Environmental Pollution 223, 161-169 (2017).

Loker, E. S., Adema, C. M., Zhang, S. M. & Kepler, T. B. Invertebrate immune systems -
Not homogeneous, not simple, not well understood. Immunological Reviews 198, 10-24
(2004).

Longo, S. B, Clark, B., York, R. & Jorgenson, A. K. Aquaculture and the displacement of
fisheries captures. Conservation Biology 33, 832-841 (2019).

Love, D. C., Fry, J. P., Cabello, F., Good, C. M. & Lunestad, B. T. Veterinary drug use in
United States net pen Salmon aquaculture: Implications for drug use policy. Aquaculture
518, 734820 (2020).

Lundeberg, H. & Leifsdatter Gragnlund, A. From Brazilian farms to Norwegian tables: A
report about soya in Norwegian salmon feed. 32 Framtiden i vare hender and Rainforest
Foundation Norway, (2017).

Mai, K., Xu, H. & Xue, H. A strategic study to open up new space for deep-sea
aquaculture in China. China Engineering Science, 90-95 (2016).

Masser, M. P. In-pond Raceways. In Aquaculture Production Systems (ed. J. Tidwell)
387-394 (2012).

Mateus, A. P., Power, D. M. & Canario, A. V. M. Stress and Disease in Fish. In
Prevention and Control Strategies 187-220 (Elsevier, 2017).

Mennerat, A., Nilsen, F., Ebert, D. & Skorping, A. Intensive farming: evolutionary
implications for parasites and pathogens. Evolutionary Biology 37, 59-67 (2010).

Mialhe, F. et al. Global standardization and local complexity. A case study of an
aquaculture system in Pampanga delta, Philippines. Aquaculture 493, 365-375 (2018).
Miller, R. A. & Harbottle, H. Antimicrobial drug resistance in fish pathogens. Antimicrobial
Resistance in Bacteria From Livestock and Companion Animals, 501-520 (2018).
Ministry of Agriculture - China. Code for the preparation of tidal flat planning in
aquaculture waters.
<http://www.moa.gov.cn/nybgb/2017/dyiq/201712/t20171227_6130333.htm>, (2016).
Mo, W. Y., Man, Y. B. & Wong, M. H. Use of food waste, fish waste and food processing
waste for China's aquaculture industry: Needs and challenge. Science of the Total
Environment 613, 635-643 (2018).

Mohamad, N. et al. Vibriosis in cultured marine fishes: a review. Aquaculture 512,
734289 (2019).

Moreau, M. A. & Garaway, C. J. “Fish rescue us from hunger”: The contribution of
aquatic resources to household food security on the Rufiji River Floodplain, Tanzania,
East Africa. Human Ecology 46, 831-848 (2018).

Murray, A. G. & Gubbins, M. Spatial management measures for disease mitigation as
practiced in Scottish aquaculture. Marine Policy 70, 93-100 (2016).

Nash, K. L. et al. Planetary boundaries for a blue planet. Nature Ecology and Evolution
1, 1625-1634 (2017).

National Sunflower Association. Homepage, Available at <www.sunflowernsa.com>
(2020).

11



213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

Newell, C. R. & Shumway, S. E. Grazing of Natural Particulates by Bivalve Molluscs: A
Spatial and Temporal Perspective. In Bivalve Filter Feeders (ed. Richard F. Dame) 85-
148 (Springer Berlin Heidelberg, 1993).

Ng, T. H,, Chiang, Y. A,, Yeh, Y. C. & Wang, H. C. Review of Dscam-mediated immunity
in shrimp and other arthropods. Developmental and Comparative Immunology 46, 129-
138 (2014).

Niklitschek, E. J., Soto, D., Lafon, A., Molinet, C. & Toledo, P. Southward expansion of
the Chilean salmon industry in the Patagonian Fjords: Main environmental challenges.
Reviews in Aquaculture 5, 172-195 (2013).

Nunes, J. P. et al. Towards an ecosystem approach to aquaculture: Assessment of
sustainable shellfish cultivation at different scales of space, time and complexity.
Aquaculture 315, 369-383 (2011).

Oliva-Teles, A., Enes, P. & Peres, H. Replacing fishmeal and fish oil in industrial
aquafeeds for carnivorous fish. (Elsevier Ltd, 2015).

Oohusa, T. The cultivation of Porphyra "Nori". In Seaweed Cultivation and Marine
Ranching (eds M. Ohno & Alan T. Critchley) 57-73 (Japan International Cooperation
Agency, 1997).

Osmundsen, T. C., Almklov, P. & Tveteras, R. Fish farmers and regulators coping with
the wickedness of aquaculture. Aquaculture Economics and Management 21, 163-183
(2017).

Osterblom, H. Reimagining ocean governance using the keystone species concept.
Nature Ecology & Evolution 1 (2017).

Osterblom, H. et al. Transnational corporations as ‘keystone actors’ in marine
ecosystems. PLoS ONE 10(5), e0127533 (2015).

Osterblom, H., Jouffray, J. B., Folke, C. & Rockstrom, J. Emergence of a global science—
business initiative for ocean stewardship. Proceedings of the National Academy of
Sciences of the United States of America 114, 9038-9043 (2017).

Owens, L. Diseases. In Aquaculture: Farming Aquatic Animals and Plants, 2nd Edition
(eds John S. Lucas & Paul C. Southgate) 214-228 (Blackwell Publishing Ltd., 2012).
Oyinlola, M. A., Reygondeau, G., Wabnitz, C. C. C., Troell, M. & Cheung, W. W. L.
Global estimation of areas with suitable environmental conditions for mariculture
species. PLoS ONE 13, 1-19 (2018).

Pahlow, M., van Qel, P. R., Mekonnen, M. M. & Hoekstra, A. Y. Increasing pressure on
freshwater resources due to terrestrial feed ingredients for aquaculture production.
Science of the Total Environment 536, 847-857 (2015).

Parker, R. W. R. et al. Fuel use and greenhouse gas emissions of world fisheries.
Nature Climate Change 8, 333-337 (2018).

Parkes, G. et al. Behind the signs — a global review of fish sustainability information
schemes. Reviews in Fisheries Science 18, 344-356 (2010).

Parrefio-Marchante, A., Alvarez-Melcon, A., Trebar, M. & Filippin, P. Advanced
traceability system in aquaculture supply chain. Journal of Food Engineering 122, 99-
109 (2014).

Peck, M. A. et al. Climate change and European Fisheries and Aquaculture: 'CERES'
Project Synthesis Report. 110 <https://ceresproject.eu/wp-
content/uploads/2020/05/CERES-Synthesis-Report-18-05-2020_format.pdf> University
of Hamburg, Hamburg, (2020).

Pelletier, N. et al. Not all salmon are created equal: Life cycle assessment (LCA) of
global salmon farming systems. Environmental Science and Technology 43, 8730-8736
(2009).

Pefalosa Martinell, D., Cashion, T., Parker, R. & Sumaila, U. R. Closing the high seas to
fisheries: Possible impacts on aquaculture. Marine Policy 115, 103854 (2020).

12



232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

Perdue, S. & Hamer, H. 2018 Census of Aquaculture.
<https://www.agcensus.usda.gov/Publications/2012/Online_Resources/Aquaculture/>,
(2019).

Petrokofsky, G. & Jennings, S. The effectiveness of standards in driving adoption of
sustainability practices: A State of Knowledge Review.
<https://www.standardsimpacts.org/sites/default/files/Full_report_The_effectiveness_of _
standards_in_driving_adoption_of_sustainability _practices_FINAL.pdf> iseal alliance,
(2018).

Pfister, S., Koehler, A. & Hellweg, S. Assessing the environmental impacts of freshwater
consumption in LCA. Environmental Science and Technology 43, 4098-4104 (2009).
Phillips, B. F. & Pérez-Ramirez, M. (ed.) Climate Change Impacts on Fisheries and
Aquaculture. (Wiley-Blackwell, 2018).

Phillips, M., Subasinghe, R., Tran, N., Kassam, L. & Chan, C. Y. Aquaculture Big
Numbers. <http://www.fao.org/3/a-i6317e.pdf> FAO Fisheries and Aquaculture
Technical Paper 601, (2016).

Pikitch, E. K. et al. The global contribution of forage fish to marine fisheries and
ecosystems. Fish and Fisheries 15, 43-64 (2014).

Ponce Oliva, R. D. et al. Ocean Acidification, Consumers’ Preferences, and Market
Adaptation Strategies in the Mussel Aquaculture Industry. Ecological Economics 158,
42-50 (2019).

Ponder, W. F., Lindberg, D. R. & Ponder, J. M. Biology and Evolution of the Mollusca.
(CRC Press, 2020).

Poore, J. & Nemecek, T. Reducing food’s environmental impacts through producers and
consumers. Science 360, 987-992 (2018).

Portner, H. O. & Farrell, A. P. Physiology and climate change. Science 322, 690-692
(2008).

Potts, J., Wilkings, A., Lynch, M. & MacFatridge, S. State of Sustainability Initiatives
Review: Standards and the blue economy. Report No. 9781894784740, 207
<https://www.iisd.org/publications/state-sustainability-initiatives-review-standards-and-
blue-economy> International Institute for Sustainable Development, (2016).

Queirds, A. M. et al. Connected macroalgal-sediment systems: blue carbon and food
webs in the deep coastal ocean. Ecological Monographs 89, 1-21 (2019).

Rijnsdorp, A. D., Peck, M. A., Engelhard, G. H., Méllmann, C. & Pinnegar, J. K.
Resolving the effect of climate change on fish populations. ICES Journal of Marine
Science 66, 1570-1583 (2009).

Roberts, C. A. et al. A Risk Benefit Analysis of Mariculture as a means to Reduce the
Impacts of Terrestrial Production of Food and Energy. Report No. 9781907266720,
<http://www.sarf.org.uk/cms-assets/documents/232492-618987.sarf106.pdf> Scottish
Aquaculture Research Forum, (2015).

Roberts, R. J., Hardy, R. W. & Sugiura, S. H. Screamer disease in Atlantic salmon,
Salmo salar L., in Chile. Journal of Fish Diseases 24, 543-549 (2001).

Rodger, H. D. Fish Disease Causing Economic Impact in Global Aquaculture. In Fish
Vaccines. Birkhduser Advances in Infectious Diseases (ed. A. Adams) 1-34 (Springer
Basil, 2016).

Roleda, M. Y. & Hurd, C. L. Seaweed nutrient physiology: application of concepts to
aquaculture and bioremediation. Phycologia 58, 552-562 (2019).

Roos, N., Chamnan, C., Loeung, D., Jakobsen, J. & Thilsted, S. H. Freshwater fish as a
dietary source of vitamin A in Cambodia. Food Chemistry 103, 1104-1111 (2007).
Roque, B. M. et al. Effect of the macroalgae Asparagopsis taxiformis on methane
production and rumen microbiome assemblage. Animal Microbiome 1, 1-14 (2019).

13



251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

Ross, L. G., Telfer, T. C., Falconer, L., Soto, D. & Aguilar-Manjarrez, J. Site selection
and carrying capacities for inland and coastal aquaculture (FAO, 2013).

Salmar. Offshore Fish Farming: A new era in fish farming is on its way, Available at
<https://www.salmar.no/en/offshore-fish-farming-a-new-era/> (2020).

Salze, G. P. & Davis, D. A. Taurine: A critical nutrient for future fish feeds. Aquaculture
437, 215-229 (2015).

Samerwong, P., Bush, S. R. & Oosterveer, P. Implications of multiple national
certification standards for Thai shrimp aquaculture. Aquaculture 493, 319-327 (2018).
Sampson, B. G. S. et al. Secure sustainable seafood from developing countries. Science
348, 504-506 (2015).

Santos, L. & Ramos, F. Antimicrobial resistance in aquaculture: Current knowledge and
alternatives to tackle the problem. International Journal of Antimicrobial Agents 52, 135-
143 (2018).

Sara, G. et al. The synergistic impacts of anthropogenic stressors and COVID-19 on
aquaculture - Current global perspective. Reviews in Fisheries Science & Aquaculture
(2021).

Sarker, P. K. et al. Sustainability issues related to feeding salmonids: A Canadian
perspective. Reviews in Aquaculture 5, 199-219 (2013).

Sarker, P. K. et al. Towards sustainable aquafeeds: Evaluating substitution of fishmeal
with lipid-extracted microalgal co-product (Nannochloropsis oculata) in diets of juvenile
Nile tilapia (Oreochromis niloticus). PLoS ONE 13, e0201315 (2018).

Sarker, P. K. et al. Towards sustainable aquafeeds: Complete substitution of fish oil with
marine microalga Schizochytrium sp. improves growth and fatty acid deposition in
juvenile Nile tilapia (Oreochromis niloticus). PLoS ONE 11, e0156684 (2016).
Satterthwaite, D. The scale of urban change worldwide 1950-2000 and its
underpinnings. 41 <https://pubs.iied.org/sites/default/files/pdfs/migrate/953111ED.pdf?>
International Institute for Environment and Development, (2005).

Schar, D, Klein, E. Y., Laxminarayan, R., Gilbert, M. & Van Boeckel, T. P. Global trends
in antimicrobial use in aquaculture. Scientific Reports 10(1), 1-9 (2020).

Sellner, K. G. & Rensel, J. E. J. Prevention, Control, and Mitigation of Harmful Algal
Bloom Impacts on Fish, Shellfish, and Human Consumers. In Harmful Algal Blooms: A
Compendium Desk Reference (eds Sandra E. Shumway, JoAnn M. Burkholder, & Steve
L. Morton) 435-492 (John Wiley & Sons, Ltd., 2018).

Shepon, A. et al. Reorientation of aquaculture production systems can reduce
environmental impacts and improve nutrition security in Bangladesh. Nature Food 1,
640-647 (2020).

Smith, V. H. Cultural Eutrophication of Inland, Estuarine, and Coastal Waters.
Successes, Limitations, and Frontiers in Ecosystem Science, 7-49 (1998).

Snieszko, S. F. The effects of environmental stress on outbreaks of infectious diseases
of fishes. Journal of Fish Biology 6, 197-208 (1974).

Soto, D., Bartley, D. M. & Quifiones, R. A. Salmon farming in Chile: key ecological and
socio-economic issues and challenges for the sustainable development of the sector.
Reviews in Aquaculture 11, 297-298 (2019).

Soto, D. et al. Salmon farming vulnerability to climate change in southern Chile:
understanding the biophysical, socioeconomic and governance links. Reviews in
Aquaculture 11, 354-374 (2019).

Sprague, M. et al. Replacement of fish oil with a DHA-rich algal meal derived from
Schizochytrium sp. on the fatty acid and persistent organic pollutant levels in diets and
flesh of Atlantic salmon (Salmo salar, L.) post-smolts. Food Chemistry 185, 413-421
(2015).

14



270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

Steeves, L. & Filgueira, R. Stakeholder perceptions of climate change in the context of
bivalve aquaculture. Marine Policy 103, 121-129 (2019).

Stentiford, G. D. et al. Sustainable aquaculture through the One Health lens. Nature
Food 1(8), 468-474 (2020).

Stewart-Sinclair, P. J., Last, K. S., Payne, B. L. & Wilding, T. A. A global assessment of
the vulnerability of shellfish aquaculture to climate change and ocean acidification.
Ecology and Evolution 10(7), 1-17 (2020).

Suplicy, F. M. A review of the multiple benefits of mussel farming. Reviews in
Aquaculture 12(1), 1-20 (2018).

Tacon, A. G. J. & Metian, M. Global overview on the use of fish meal and fish oil in
industrially compounded aquafeeds: Trends and future prospects. Aquaculture 285, 146-
158 (2008).

Tacon, A. G. J. & Metian, M. Fishing for aquaculture: Non-food use of small pelagic
forage fish-a global perspective. Reviews in Fisheries Science 17, 305-317 (2009).
Tacon, A. G. J. & Metian, M. Food matters: fish, income, and food supply—a
comparative analysis. Reviews in Fisheries Science and Aquaculture 26, 15-28 (2018).
Tacon, A. G. J., Metian, M., Turchini, G. M. & de Silva, S. S. Responsible aquaculture
and trophic level implications to global fish supply. Reviews in Fisheries Science 18, 94-
105 (2010).

Tang, K. F. J. & Bondad-Reantaso, M. G. Impacts of acute hepatopancreatic necrosis
disease on commercial shrimp aquaculture. Revue Scientifique et Technique de I'OIE
38, 477-490 (2019).

Tavares-Dias, M. & Martins, M. L. An overall estimation of losses caused by diseases in
the Brazilian fish farms. Journal of Parasitic Diseases 41, 913-918 (2017).

Theuerkauf, S. J. et al. A global spatial analysis reveals where marine aquaculture can
benefit nature and people. PLoS ONE 14, 1-29 (2019).

Thitamadee, S. et al. Review of current disease threats for cultivated penaeid shrimp in
Asia. Aquaculture 452, 69-87 (2016).

Thornber, K. et al. Evaluating antimicrobial resistance in the global shrimp industry.
Reviews in Aquaculture 12(2), 1-21 (2019).

Thorne-Lyman, A. L. et al. Dietary patterns of >30,000 adolescents 9-15 years of age in
rural Bangladesh. Annals of the New York Academy of Sciences 1468(1), 1-13 (2019).
Tiwari, B. K. & Troy, D. J. Seaweed sustainability: Food and nonfood applications. In
Seaweed Sustainability (eds Brijesh K. Tiwari & Declan Troy) 1-6 (Academic Press,
2015).

Tlusty, M. et al. Commentary: Comparing efficiency in aquatic and terrestrial animal
production systems. Environmental Research Letters 13 (2018).

Tlusty, M. F. et al. Reframing the sustainable seafood narrative. Global Environmental
Change 59, 101991 (2019).

Torrissen, O. et al. Atlantic Salmon ( Salmo salar ): The “Super-Chicken” of the Sea?
Reviews in Fisheries Science 19, 257-278 (2011).

Toufique, K. A. & Gregory, R. Common waters and private lands: Distributional impacts
of floodplain aquaculture in Bangladesh. Food Policy 33, 587-594 (2008).

Travers, M. A., Boettcher Miller, K., Roque, A. & Friedman, C. S. Bacterial diseases in
marine bivalves. Journal of Invertebrate Pathology 131, 11-31 (2015).

Troell, M., Eide, A., Isaksen, J., Hermansen, &. & Crépin, A. S. Seafood from a changing
Arctic. Ambio 46, 368-386 (2017).

Troell, M. et al. Integrated mariculture: asking the right questions. Aquaculture 226, 69-
90 (2003).

15



292

293

294

295

296
297

298

299

300
301

302

303

304

305

306

307

308

309

310

311

312

313

Troell, M. & Henriksson, P. Antibiotics in Aquaculture.
<http://keystonedialogues.earth/wp-content/uploads/2019/12/Brief4-Antibiotics-in-
Aquaculture.pdf> The Phuket Dialogue: Background Brief 4, (2019).

Troell, M., Jonell, M. & Crona, B. The role of seafood for sustainable and healthy diets.
24 The EAT-Lancet Commission, (2019).

Troell, M., Jonell, M. & Henriksson, P. J. G. Ocean space for seafood. Nature Ecology
and Evolution 1, 1224-1225 (2017).

Troell, M. et al. Ecological engineering in aquaculture - Potential for integrated multi-
trophic aquaculture (IMTA) in marine offshore systems. Aquaculture 297, 1-9 (2009).
Troell, M. et al. Aquaculture. Reference Module in Life Sciences 1, 189-201 (2017).
Troell, M., Kautsky, N. & Folke, C. Applicability of integrated coastal aquaculture
systems. Ocean and Coastal Management 42, 63-69 (1999).

Troell, M. F. et al. Mariculture in the WIO region - Challenges and Prospects. 59
<https://lwww.stockholmresilience.org/publications/artiklar/2011-12-08-mariculture-in-the-
wio-region---challenges-and-prospects.html> WIOMSA Book Series No. 11, (2011).
Tseng, C. K. Laminaria mariculture in China. 239-263 FAO Fisheries Technical Paper,
(1987).

Tveteras, S. et al. Fish is food - the FAO’s fish price index. PloS one 7, €36731 (2012).
U. S. Department of Commerce. Bureau of Economic Analysis, Available at
<https://www.bea.gov/> (2020).

United Nations. 2018 Revision of World Urbanization Prospects.
<https://www.un.org/development/desa/publications/2018-revision-of-world-urbanization-
prospects.html>, (2018).

Urbina, M. A., Cumillaf, J. P., Paschke, K. & Gebauer, P. Effects of pharmaceuticals
used to treat salmon lice on non-target species: Evidence from a systematic review.
Science of the Total Environment 649, 1124-1136 (2019).

Valderrama, D., Anderson, J. L., Ortiz, E. D. & Jory, D. The Economic Impacts of
Emerging Diseases in Shrimp Aquaculture: Insights from a Multi-Year, Global Survey of
the Industry in NAAFE Forum 2017 Proceedings. (2017).

Valderrama, D., Cai, J., Hishamunda, N. & Ridler, N. (ed.) Social and economic
dimensions of carrageenan seaweed farming. (UN FAO, 2013).

Valderrama, D. et al. The economics of Kappaphycus seaweed cultivation in developing
countries: A comparative analysis of farming systems. Aquaculture Economics &
Management 19, 251-277 (2015).

Valero, M. et al. Perspectives on domestication research for sustainable seaweed
aquaculture. Perspectives in Phycology 4, 33-46 (2017).

Van Boeckel, T. P. et al. Global trends in antimicrobial resistance in animals in low- And
middle-income countries. Science 365 (2019).

van der Schatte Olivier, A. et al. A global review of the ecosystem services provided by
bivalve aquaculture. Reviews in Aquaculture, 1-23 (2018).

Vazquez, L. et al. Immunity mechanisms in crustaceans. Innate Immunity 15, 179-188
(2009).

Vincent, A. T., Gauthier, J., Derome, N. & Charette, S. J. The rise and fall of antibiotics
in aquaculture. Microbial Communities in Aquaculture Ecosystems, 1-19 (2019).
Waagbog, R., TroRe, C., Koppe, W., Fontanillas, R. & Breck, O. Dietary histidine
supplementation prevents cataract development in adult Atlantic salmon, Salmo salar L.,
in seawater. British Journal of Nutrition 104, 1460-1470 (2010).

Waldbusser, G. G. & Salisbury, J. E. Ocean ccidification in the coastal zone from an
organism's perspective: Multiple system parameters, frequency domains, and habitats.
Annual Review of Marine Science 6, 221-247 (2014).

16



314

315

316

317

318

319

320

321

322

323

324

325

326

Wang, Q. et al. Freshwater aquaculture in PR China: trends and prospects. Reviews in
Aquaculture 7, 283-302 (2015).

Ward, G. M. et al. A review of reported seaweed diseases and pests in aquaculture in
Asia. Journal of the World Aquaculture Society 51(4), 815-828 (2019).

Ward, J. E. & Shumway, S. E. Separating the grain from the chaff: Particle selection in
suspension- and deposit-feeding bivalves. Journal of Experimental Marine Biology and
Ecology 300, 83-130 (2004).

Watson, D. |., Shumway, S. E. & Whitlatch, R. B. Biofouling and the shellfish industry.
Shellfish Safety and Quality, 317-337 (2009).

Watts, J. E. M., Schreier, H. J., Lanska, L. & Hale, M. S. The rising tide of antimicrobial
resistance in aquaculture: Sources, sinks and solutions. Marine Drugs 15, 1-16 (2017).
White, A. & Hughes, J. M. Critical Importance of a One Health Approach to Antimicrobial
Resistance. EcoHealth 16, 404-409 (2019).

Wijsman, J. W. M., Troost, K., Fang, J. & Roncarati, A. Global Production of Marine
Bivalves. Trends and Challenges. In Goods and Services of Marine Bivalves (eds A. C.
Smaal et al.) 7-26 (Springer, 2019).

Willot, P. A., Aubin, J., Salles, J. M. & Wilfart, A. Ecosystem service framework and
typology for an ecosystem approach to aquaculture. Aquaculture 512, 734260 (2019).
Woo, P. T. K. & Gregory, D. W. B. Diseases and Disorders of Finfish in Cage Culture.
(CABI, 2014).

Xiao, R. et al. A review on the research status and development trend of equipment in
water treatment processes of recirculating aquaculture systems. Reviews in Aquaculture
11, 863-895 (2019).

Xie, B. et al. Organic aquaculture in China: A review from a global perspective.
Aquaculture 414, 243-253 (2013).

Zhang, W. & Ma, X. China’s aquaculture development trends since 2000 and future
directions. Journal of Shanghai Ocean University 29, 661-674 (2020).

Zheng, Y., Jin, R., Zhang, X., Wang, Q. & Wu, J. J. The considerable environmental
benefits of seaweed aquaculture in China. Stochastic Environmental Research and Risk
Assessment 33, 1203-1221 (2019).

17



	A 20-year retrospective review of global aquaculture




