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Supplementary Fig. 1. Study flowchart and data sources.
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Supplementary Fig. 2 Import share of U.S. food consumption, 2011-2013. Source: (USDA n.d.)







Biomass loss in aquaculture

Growth rate and biomass loss for salmon, catfish, pangasius, and tilapia 
Fish weight at a given time t is estimated using a von Bertalanffy growth function. In its general form this is given as: 

where  is the expected weight at a given time t,  is the asymptotic average weight, t0 is the starting point of the production process, k is the growth coefficient of the curve,  is the slope of the weight/length relationship. To represent different species, species specific parameters have been set. These are given in Supplementary Table 1. 
Following previous methods (Thyholdt 2014; Hernández-Llamas, Ruiz-Velazco, and Gomez-Muñoz 2013; Hernandez-Llamas and Ratkowsky 2004; Yu and Leung 2006; Bjørndal 1988), the impact of mortality can be found by determining the number of survivors as: 

where  is the number of survivors at time t,  is the juveniles stocked at time t0, (initial population) and Mt(Xt) is the mortality rate of species X at time t. This equation is presented in exponential form:

Specific mortality occurrences can be added with additional terms in the general function. For instance, release mortality of 5% can be added as
		
The total biomass stock of fish in a pen/pond at time t is then given as
Bt=ntWt
The biomass loss in each period is estimated by the following equation: 
Losst=nt1Wt-ntWt
Mortality rate, stocking density, average cycle length, and harvested weight of salmon, catfish, pangasius, and shrimp are presented in Table 1.  

Growth rate and biomass loss for shrimp
For shrimp we used the growth function of (Hernández-Llamas, Ruiz-Velazco, and Gomez-Muñoz 2013). This is given as: 

Where  is the shrimp weight after t time periods, is the initial weight,  is the final weight, and k is the growth coefficient equal to 0.8 in this model, h is the time periods that have passed until harvesting time.  
The number of survivors, total biomass, and biomass loss for shrimp are estimated using the same equations as for the other species. 

Supplementary Table 1. Parameters used to estimate growth and biomass loss at the grow-out stage.
	Indicators a
	Salmon
	Catfish
	Pangasius
	Shrimp
	Tilapia 

	Average mortality rate/cycle (%)
	14
	22
	35
	31
	10

	Stocking density (PLs)
	100,000/pen
	8,000/acre
	200,000/acre
	200/m2
	16,500/ha

	Average cycle length (week)
	66
	30
	32
	21
	22

	Harvested weight (g/count)
	4,938
	663
	857
	30
	625


a Parameters for species were obtained from study participants.




Supplementary Table 2. Biomass loss ratios for five species under three scenarios. 

	Species, Country
	Time to minimum harvestable size (weeks)
	Time at harvest (weeks)
	Biomass loss ratio a

	
	
	
	scenario 1
	scenario 2
	scenario 3

	Catfish, United States
	10
	30
	0.12
	0.16
	0.21

	Pangasius, Vietnam
	9
	33
	0.22
	0.24
	0.26

	Atlantic salmon, Norway
	16
	81
	0.06
	0.08
	0.11

	Shrimp, Vietnam
	6
	21
	0.12
	0.17
	0.22

	Tilapia, China
	7
	22
	0.06
	0.09
	0.14


a The biomass loss ratio was calculated as the total biomass at harvest divided by the sum of biomass lost weekly from the time that animals were of minimal harvestable size until the final harvest date.
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Supplementary Fig. 3 Growth, survival, biomass, and biomass loss modeled for five aquaculture species under three scenarios. 
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Supplementary Table 3. Production loss in the United States aquatic food supply.

	Stage
	Description
	Physical loss
	Quality loss
	Data source

	
	
	rate
	weighted avg
	% of total
	rate
	weighted avg
	% of total
	

	Production
	 
	 
	 
	 
	 
	 
	 
	 

	 
	US supply
	
	7.3%
	 
	 
	3.4%
	
	

	Fisheries
	 
	
	
	
	
	
	
	

	  Canned tuna
	Pacific fisheries
	2.7%
	0.4%
	5.2%
	2.6%
	0.4%
	10.6%
	(Gilman et al. 2020)

	  Sockeye salmon
	Alaska, US
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	Industry representatives Alaska US;

	  Alaska pollock
	Alaska, US
	0.3%
	0.0%
	0.2%
	0.0%
	0.0%
	0.0%
	 (NOAA 2022; Fissel et al. 2019) Industry and government representatives, Alaska, US 

	  Shrimp
	global avg
	15.5%
	0.6%
	8.4%
	8.6%
	0.3%
	10.1%
	(Gilman et al. 2020; Rashid and Sarkar 2020)

	  Tilapia
	global avg
	5.4%
	0.0%
	0.4%
	2.6%
	0.0%
	0.4%
	Gilman 2020; Yared 2007; Yared 2014; (Teklu 2015; Akande and Diei-Ouadi 2010)

	  Catfish
	global avg
	7.8%
	0.0%
	0.1%
	4.0%
	0.0%
	0.1%
	(Adelaja, Kamaruddin, and Chiat 2018; Nowsad et al. 2015)

	  Pangasius
	global avg
	7.8%
	0.0%
	0.0%
	4.0%
	0.0%
	0.0%
	(Adelaja, Kamaruddin, and Chiat 2018; Nowsad et al. 2015)

	  Crab
	global avg
	15.5%
	0.5%
	6.4%
	2.5%
	0.1%
	2.2%
	(Lahiri et al. 2021)

	  Cod
	global avg
	6.6%
	0.3%
	3.7%
	2.6%
	0.1%
	3.2%
	(Gilman et al. 2020)

	  Clams
	global avg
	4.0%
	0.1%
	0.9%
	0.0%
	0.0%
	0.0%
	Industry representative, US clams

	  Other wild seafood
	global avg
	5.4%
	0.4%
	5.3%
	2.6%
	0.2%
	5.4%
	(Gilman et al. 2020)

	Aquaculture
	 
	
	 
	 
	
	 
	
	

	  Shrimp (Penaeus monodon, Litopenaeus vannamei)
	Vietnam
	9.7%
	2.3%
	30.8%
	8.3%
	1.9%
	57.5%
	producer survey, n=5, Vietnam

	  Atlantic salmon
	Norway
	7.0%
	1.1%
	14.3%
	0.0%
	0.0%
	0.0%
	producer survey, n=3, Norway; (“Atlantic Salmon and Rainbow Trout” n.d.)

	  Channel and hybrid catfish
	Southern US
	8.3%
	0.3%
	3.7%
	0.0%
	0.0%
	0.0%
	producer survey, n=9, US

	  Pangasius
	Vietnam
	18.5%
	0.9%
	12.0%
	1.0%
	0.0%
	1.4%
	producer survey, n=7, Vietnam

	  Tilapia
	China
	3.9%
	0.3%
	4.0%
	2.6%
	0.2%
	5.7%
	(Teklu 2015; Yared Tigabu 2012), China tilapia expert

	  Crab
	global avg
	6.7%
	0.0%
	0.4%
	2.5%
	0.0%
	0.3%
	(Lahiri et al. 2021)

	  Clams
	global avg
	5.8%
	0.0%
	0.4%
	0.0%
	0.0%
	0.0%
	Industry representative, US clams

	  Other farmed seafood
	global avg
	7.5%
	0.3%
	3.9%
	2.6%
	0.1%
	2.9%
	






Supplementary Table 4. Processing loss in the United States aquatic food supply.

	Stage
	Description
	Physical loss
	Quality loss
	Data source

	
	
	rate
	weighted avg
	% of total
	rate
	weighted avg
	% of total
	

	Processing
	 
	 
	 
	 
	 
	 
	 
	 

	 
	US supply
	
	1.8%
	
	 
	3.2%
	
	

	Fisheries
	 
	
	
	
	
	
	
	

	  Canned tuna
	Pacific fisheries
	0.1%
	0.0%
	0.5%
	4.0%
	0.6%
	17.9%
	processor survey, n=1, Pacific region

	  Sockeye salmon
	Alaska, US
	0.3%
	0.0%
	0.2%
	10.1%
	0.1%
	3.4%
	processor survey, n=5, Alaska, US; BBRSDA 2019

	  Alaska pollock
	Alaska, US
	0.1%
	0.0%
	0.2%
	1.8%
	0.1%
	3.2%
	NOAA SAFE report 2019; this study (industry and government representatives, US, personal communication)

	  Shrimp
	global avg
	3.8%
	0.2%
	8.4%
	8.6%
	0.3%
	10.9%
	(Adelaja, Kamaruddin, and Chiat 2018; Rashid and Sarkar 2020) 

	  Tilapia
	global avg
	4.6%
	0.0%
	1.4%
	2.6%
	0.0%
	0.4%
	(Yared Tigabu 2012; Y. Tigabu, Degebase, and Mohammed 2007; Teklu 2015; Akande and Diei-Ouadi 2010)

	  Catfish
	global avg
	2.9%
	0.0%
	0.2%
	4.0%
	0.0%
	0.2%
	(Adelaja, Kamaruddin, and Chiat 2018; Nowsad et al. 2015)

	  Pangasius
	global avg
	2.9%
	0.0%
	0.0%
	4.0%
	0.0%
	0.0%
	(Adelaja, Kamaruddin, and Chiat 2018; Nowsad et al. 2015)

	  Crab
	global avg
	2.9%
	0.1%
	5.0%
	2.5%
	0.1%
	2.4%
	(Lahiri et al. 2021)

	  Cod
	global avg
	2.9%
	0.1%
	6.8%
	4.0%
	0.2%
	5.3%
	na

	  Clams
	global avg
	4.0%
	0.1%
	3.5%
	0.0%
	0.0%
	0.0%
	Industry representative, US clams

	  Other wild seafood
	global avg
	2.9%
	0.2%
	11.7%
	4.0%
	0.3%
	9.1%
	

	Aquaculture
	 
	
	 
	
	
	 
	
	 

	  Shrimp (Penaeus monodon, Litopenaeus vannamei)
	Vietnam
	2.1%
	0.5%
	27.0%
	0.4%
	0.1%
	3.1%
	processor survey, n=5, Vietnam; industry trade group; (FDA 2022; Nirmal et al. 2020; Ngoan et al. 2000; Trung and Phuong 2020)

	  Atlantic salmon
	Norway
	0.7%
	0.1%
	5.5%
	0.0%
	0.0%
	0.1%
	processor survey, n=3, Norway; (FDA 2022)

	  Channel and hybrid catfish
	Southern US
	0.1%
	0.0%
	0.1%
	2.0%
	0.1%
	2.1%
	processor survey, n=3, US; (USDA 2022)

	  Pangasius
	Vietnam
	0.0%
	0.0%
	0.0%
	7.1%
	0.3%
	10.7%
	processor survey, n=3, Vietnam; (USDA 2022)

	  Tilapia
	China
	4.5%
	0.3%
	18.7%
	11.0%
	0.8%
	26.1%
	(Teklu 2015; Nowsad et al. 2015; Y. Tigabu, Degebase, and Mohammed 2007)

	  Crab
	global avg
	10.0%
	0.0%
	2.2%
	2.5%
	0.0%
	0.3%
	(Lahiri et al. 2021)

	  Clams
	global avg
	8.0%
	0.0%
	2.5%
	0.0%
	0.0%
	0.0%
	Industry representative, US clams

	  Other farmed seafood
	global avg
	2.9%
	0.1%
	6.2%
	4.0%
	0.2%
	4.9%
	global average







Supplementary Table 5. Weighting factors for production and processing loss.

	Species
	% of supply a

	% fisheries b

	% aquaculture b

	% imported, fisheries b
	% imported, aquaculture b

	Shrimp
	27%
	15%
	85%
	28%
	100%

	Canned tuna
	14%
	100%
	0%
	56%
	0%

	Salmon
	16%
	7%
	93%
	9%
	99%

	Alaska pollock
	6%
	100%
	0%
	0%
	0%

	Tilapia
	8%
	7%
	93%
	100%
	93%

	Catfish
	3%
	4%
	96%
	0%
	0%

	Pangasius
	5%
	0%
	100%
	100%
	100%

	Crab
	3%
	89%
	11%
	67%
	100%

	Cod
	4%
	100%
	0%
	25%
	100%

	Clams
	2%
	74%
	26%
	24%
	48%

	Other
	11%
	65%
	35%
	66%
	84%


a NFI/NOAA average, 2014-2018
b based on US production, imports and exports for 2018. Methods described in the supplement.




Supplementary Table 6. Distribution loss in the United States aquatic food supply.

	Stage
	Description
	Physical loss (%)
	Quality loss (%)
	Data source

	Distribution
	 
	
	
	 

	 
	unweighted avg
	1.2%
	2.0%
	wholesale survey, n=5 selling a total of 33M kg/yr); FDA food recalls (1.4 million kg/yr) (FDA 2016)






Supplementary Table 7. Retail loss and waste in the United States aquatic food supply.

	Stage
	Description
	Physical loss (%)
	Quality loss (%)
	Data source

	  Retail
	 
	 
	 
	 

	
	weighted avg
	2.9%
	na
	Survey, n=90 retail businesses (FMI 2015, 2017, 2019)

	 
	  fresh aquatic food
	6.7%
	na
	 “

	 
	  all frozen food (not aquatic food specific)
	0.7%
	na
	 “

	 
	  shelf-stable food (not aquatic food specific)
	1.0%
	na
	 “






Supplementary Table 8. Weighting factors for retail loss.

	Stage
	Value
	Data source

	Retail
	(share of US retail aquatic food sales)

	  fresh seafood
	35.4%
	(Love et al. 2022)

	  frozen seafood
	42.0%
	(Love et al. 2022)

	  shelf-stable seafood
	22.6%
	(Love et al. 2022)

	total
	100%
	 






Supplementary Table 9. Food service loss and waste in the United States aquatic food supply.
	Stage
	Description
	Physical loss (%)
	Quality loss (%)
	Data source

	Food service
	
	
	
	

	 
	all kitchen waste (not aquatic food specific)
	9.9%
	na
	(Betz et al. 2015; Papargyropoulou et al. 2019; Collison and Colwill 1986; Engström and Carlsson-Kanyama 2004; Silvennoinen et al. 2015; Eriksson et al. 2017)








Supplementary Table 10. Consumer loss and waste in the United States aquatic food supply.

	Stage
	Description
	Physical loss (%)
	Quality loss (%)
	Data source

	Consumer
	 
	 
	 
	 

	 
	at home (aquatic food specific)
	8.5%
	na
	food diary survey, n=70

	 
	away from home / plate waste (not aquatic food specific)
	9.4%
	na
	
(Betz et al. 2015; Papargyropoulou et al. 2019; Collison and Colwill 1986; Engström and Carlsson-Kanyama 2004; Silvennoinen et al. 2015; Eriksson et al. 2017; von Massow and McAdams 2015; Cohen et al. 2013; Roe et al. 2018; Fogler-Levitt et al. 1995; Pinto et al. 2018; Ferreira, Margarida, and Rocha 2013; Smith and Cunningham-Sabo 2014)





Supplementary Table 11. Weighting factors for consumer food waste.

	Stage
	Value
	Data source

	Food source
	(share of US aquatic foods consumed)

	  At home seafood
	65.7%
	(Love et al. 2020)

	  Away from home seafood
	34.3%
	(Love et al. 2020)

	total
	100%
	 





Supplementary Table 12. Loss in production and processing used to represent the US aquatic food supply. 
	Country
	Region
	Species
	Production method
	Type
	% Loss
(by volume) a

	na
	Oceania
	canned tuna
	wild capture
	Physical loss
	3.97

	USA
	North America
	sockeye salmon
	wild capture
	Physical loss
	0.35

	USA
	North America
	Alaska pollock
	wild capture
	Physical loss
	0.35

	Bangladesh
	Asia
	shrimp
	wild capture
	Physical loss
	21.68

	Kenya, Ethiopia, Uganda
	Africa
	tilapia
	wild capture
	Physical loss
	9.09

	Nigeria
	Africa
	catfish
	wild capture
	Physical loss
	10.70

	Nigeria
	Africa
	pangasius
	wild capture
	Physical loss
	10.70

	Madagascar
	Africa
	crab
	wild capture
	Physical loss
	16.75

	Iceland, Norway
	Europe
	cod
	wild capture
	Physical loss
	9.33

	USA
	North America
	clam
	wild capture
	Physical loss
	8.00

	Vietnam
	Asia
	shrimp
	aquaculture
	Physical loss
	11.74

	Norway
	Europe
	Atlantic salmon
	aquaculture
	Physical loss
	7.71

	USA
	North America
	channel catfish
	aquaculture
	Physical loss
	8.42

	Vietnam
	Asia
	pangasius
	aquaculture
	Physical loss
	18.47

	China
	Asia
	tilapia
	aquaculture
	Physical loss
	8.40

	Bangladesh
	Asia
	crab
	aquaculture
	Physical loss
	16.66

	USA
	North America
	clam
	aquaculture
	Physical loss
	13.76

	na
	Oceania
	canned tuna
	wild capture
	Quality loss
	6.6

	USA
	North America
	sockeye salmon
	wild capture
	Quality loss
	10.1

	USA
	North America
	Alaska pollock
	wild capture
	Quality loss
	1.8

	Bangladesh
	Asia
	shrimp
	wild capture
	Quality loss
	17.2

	Kenya, Ethiopia, Uganda
	Africa
	tilapia
	wild capture
	Quality loss
	5.2

	Bangladesh
	Asia
	catfish
	wild capture
	Quality loss
	7.9

	Bangladesh
	Asia
	pangasius
	wild capture
	Quality loss
	7.9

	Bangladesh
	Asia
	crab
	wild capture
	Quality loss
	5.0

	Iceland, Norway
	Europe
	cod
	wild capture
	Quality loss
	6.6

	USA
	North America
	clam
	wild capture
	Quality loss
	0.0

	Vietnam
	Asia
	shrimp
	aquaculture
	Quality loss
	8.8

	Norway
	Europe
	Atlantic salmon
	aquaculture
	Quality loss
	0.0

	USA
	North America
	channel catfish
	aquaculture
	Quality loss
	2.0

	Vietnam
	Asia
	pangasius
	aquaculture
	Quality loss
	8.1

	Bangladesh
	Asia
	tilapia
	aquaculture
	Quality loss
	13.6

	Bangladesh
	Asia
	crab
	aquaculture
	Quality loss
	2.03

	USA
	North America
	clam
	aquaculture
	Quality loss
	0.0



a data sources reported in Supplementary Tables 3-4

Supplementary Table 13. Literature values for loss in production and processing.
	Country

	Region

	Species

	Production method

	% Physical loss
(by volume)
	% Quality loss (by volume)
	Reference

	Ghana
	Africa
	fish
	wild capture
	10.0
	37.5
	(Akande and Diei-Ouadi 2010)

	Ghana
	Africa
	sardinella
	wild capture
	18.0
	30.7
	“

	Mali
	Africa
	fish
	wild capture
	2.5
	17.0
	“

	Mali
	Africa
	catfish
	wild capture
	2.0
	8.5
	“

	Tanzania
	Africa
	dagaa
	wild capture
	30.0
	20.0
	“

	Uganda
	Africa
	dagaa
	wild capture
	33.0
	3.50
	“

	Uganda
	Africa
	tilapia
	wild capture
	
	3.85
	“

	Uganda
	Africa
	nile perch
	wild capture
	
	5.0
	“

	Malawi
	Africa
	fish
	wild capture
	4.90
	
	(Torell et al. 2020)

	Ghana
	Africa
	fish
	wild capture
	2.31
	3.86
	(Gyan et al. 2020)

	Burkina Faso
	Africa
	fish
	wild capture
	3.60
	8.4
	(Diei-Ouadi et al. 2015)

	Ghana
	Africa
	fish
	wild capture
	4.00
	5
	“

	Cote d' Ivoire
	Africa
	fish
	wild capture
	
	0.33
	“

	Mali
	Africa
	fish
	wild capture
	1.28
	10.87
	“

	Togo
	Africa
	fish
	wild capture
	1.64
	3.65
	“

	Ethiopia
	Africa
	tilapia
	wild capture
	2.53
	4.37
	(Teklu 2015)

	Ethiopia
	Africa
	carp
	wild capture
	1.42
	9.88
	“

	Ethiopia
	Africa
	tilapia
	wild capture
	4.37
	10.8
	(Y. Tigabu, Degebase, and Mohammed 2007)

	Ethiopia
	Africa
	carp
	wild capture
	3.40
	0.99
	“

	Ethiopia
	Africa
	tilapia
	wild capture
	6.76
	1.58
	(Yared Tigabu 2012)

	Ethiopia
	Africa
	carp
	wild capture
	9.39
	6.01
	“

	Ethiopia
	Africa
	fish
	wild capture
	3.63
	
	(Tesfay and Teferi 2017)

	Zambia
	Africa
	fish
	wild capture
	13.40
	43.5
	(Kaminski et al. 2020)

	Zambia
	Africa
	fish
	wild capture
	5.70
	21.9
	“

	Tanzania
	Africa
	multi-species, inland
	wild capture
	5.00
	
	(A. Ward 1996)

	Tanzania
	Africa
	nile perch
	wild capture
	6.15
	
	“

	 
	Africa
	multi-species, inland
	wild capture
	9.45
	
	(Kefi et al. 2017)

	Zambia
	Africa
	multi-species, inland
	wild capture
	12.32
	
	“

	Zambia
	Africa
	multi-species, inland
	wild capture
	6.00
	
	Kaminski 2017

	Indonesia
	Asia
	fish
	wild capture
	8.20
	22
	(Wibowo et al., n.d.)

	Indonesia
	Asia
	lobster
	wild capture
	26.67
	10
	“

	Indonesia
	Asia
	small pelagics
	wild capture
	 
	32
	“

	Indonesia
	Asia
	squid
	wild capture
	0.00
	5
	“

	Nigeria
	Africa
	multi-species, inland
	wild capture
	24.60
	
	(Eyo and Mdaihli 2001)

	Tanzania
	Africa
	dagaa
	wild capture
	5.00
	11
	(Mgawe 2008)

	Bangladesh
	Asia
	ilisha
	wild capture
	
	7.00
	(Nowsad et al. 2015)

	Bangladesh
	Asia
	rohu
	aquaculture
	
	6
	“

	Bangladesh
	Asia
	tilapia
	aquaculture
	
	11
	“

	Bangladesh
	Asia
	catfish
	aquaculture
	
	4
	“

	India
	Asia
	fish
	wild capture
	10.43
	39.25
	 (A. R. Ward 2000)

	Bangladesh
	Asia
	mud crab
	aquaculture
	10.00
	5
	(Lahiri et al. 2021)

	Bangladesh
	Asia
	multi-species, inland
	wild capture
	0.42
	0.29
	(Prodhan et al. 2022)

	Bangladesh
	Asia
	multi-species, inland
	aquaculture
	0.13
	0.567
	“

	Bangladesh
	Asia
	multi-species, inland
	wild capture
	2.18
	14.7
	(Rashid and Sarkar 2020)

	Bangladesh
	Asia
	multi-species, inland
	aquaculture
	1.51
	17.93
	“

	Bangladesh
	Asia
	multi-species, marine
	wild capture
	4.12
	17.74
	“

	Bangladesh
	Asia
	shrimp
	aquaculture
	1.27
	9.3
	“

	Bangladesh
	Asia
	shrimp
	wild capture
	1.84
	16.72
	“

	Bangladesh
	Asia
	shrimp
	wild capture
	4.02
	18.28
	“
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