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Figure S1. Calculated fished inputs : farmed outputs (FI:FO) biomass ratios by aquaculture 

species group using two different methods and four different feed composition scenarios, a 

visualization of Table 1. The leftmost column represents results of the FI:FO formula outlined by 

RW Hardy and used in Naylor et al. (14) 2021. Fish inputs not captured by this method are 

included in Naylor* and subsequent scenarios. Collateral fishing mortality is not added and 

unfed systems are not subtracted here. Data sets differ in terms of efficiency rates of fish meal 

and oil processing, meal and oil inclusion in feed, and for MBA, percent of each from 

byproducts. Figures are selected as closely to 2017 as available. Feed composition sources are 

Naylor et al. (14), Tacon et al. (15), Monterey Bay Aquarium Seafood Watch (16–25), and 

Pahlow et al. (26).  
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Figure S2. Unaccounted mortality in reduction fisheries. Slipping ratios and mortality rates for 

each taxon represent averages of values reviewed in literature, referenced in Table S3. Circle 

sizes represent proportions of each taxon in global reduction fishery catch, calculated in Table S3 

using data from Green for SEAFISH (27). 
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Figure S3. Land and water use in feed manufacturing by aquaculture species group. A. Land use 

is calculated by binning and weighting proportions of feed crop composition for various farmed 

species compiled by Pahlow et al. (26) into species groups and multiplying the proportion of 

each crop by land use per kilogram calculated by Poore & Nemecek (44). B. Freshwater 

withdrawals are calculated by binning and weighting "blue water" use for various farmed species 

compiled by Pahlow et al. (26) into species groups. 

0

1

2

3

4

5

6

7

8

al
l

her
biv

oro
us

ca
rn

iv
oro

us
ca

rp

ca
tf
is

h

m
ilk

fis
h

til
ap

ia

m
is

c.
 fr

sh
w
tr
 fi

sh

fr
sh

w
tr
 c

ru
st

ac
ea

ns

sh
ri
m

p

m
is

c.
 m

ar
in

e 
fis

h

tr
out

sa
lm

on
ee

l

la
n

d
 u

s
e

 (
k
m

²
/t
o
n
n
e
)

A

0

50

100

150

200

250

300

al
l

her
biv

oro
us

ca
rn

iv
oro

us
ca

rp

ca
tf
is

h

m
ilk

fis
h

til
ap

ia

m
is

c.
 fr

sh
w
tr
 fi

sh

fr
sh

w
tr
 c

ru
st

ac
ea

ns

sh
ri
m

p

m
is

c.
 m

ar
in

e 
fis

h

tr
out

sa
lm

on
ee

l

fr
e

s
h

w
a

te
r
 w

it
h

d
ra

w
a

ls
 (
L
/k
g
)

B



Figure S4. Crop use over time by aquaculture species group under decreasing intensity of wild 

fish use calculated by Naylor et al. 2021 (14). Total crop consumption by species group is 

calculated by multiplying reported fed fish production by feed conversion ratio and proportion of 

terrestrially-sourced ingredients. Initial values are taken from Naylor et al. 2000 (52). Final 

values are taken from Naylor et al. 2021 (14). Annual reported farmed fish by species group and 

for all fish and crustacea are taken from FAO FishStatJ (88). 
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Data S1. All calculations used in the analysis, including the following: (worksheet 1) 

fish biomass on : fish biomass out ratios, including Table S1; (worksheet 2) terrestrial feed 

requirements and environmental impacts; (worksheet 3) crop use over time; (worksheet 4) 

Reduction Efficiencies of Meal and Oil from Whole Fish and Trimmings, including Table S2; 

(worksheet 5) unaccounted mortality in reduction fisheries; (worksheet 6) FAO aquaculture 

market data for production by species subgroup; (worksheet 7) environmental impacts of 

terrestrial feeds. 
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