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The recent rapid growth in aquaculture production reported by the United Nations

Food and Agriculture Organization may have inadvertently generated what we

denote here as aquaculture over-optimism. An extreme form of this is the notion

that we need not worry about sustaining wild fish stocks because we canmeet the

global need through farming. Here we investigate whether the recent growth in

aquaculture production can be maintained, and we compare aquaculture

production projections with the future need for fish to find out whether

aquaculture over-optimism can be justified. We show relevant evidence

suggesting that aquaculture growth rates in all the cases studied have already

reached their peak and have begun declining. Also, our results indicate thatwithout

wild fish, theworldwill face a fish food shortage of about 71million tonnes annually

by 2030, and the aquaculture production growth rate would have to be 3 times

current average projected production by the FAO, the World Bank and the OECD

in 2030. Finally, the current geographical distribution of farmed fish production

suggests that even if aquaculture over-optimism is physically, economically,

technically and ecologically feasible, its socio-economic cost to low-income

coastal countries could be devastating.

KEYWORDS

aquaculture, growth, global, future projections, historical growth
Introduction

Aquaculture is currently lauded as one of the fastest-growing food systems in the

world (Klinger & Naylor, 2012; Troell et al., 2014), growing from a few million tonnes in

1950 to over 90 million tonnes per year more recently (FAO, 2018; FAO, 2020a; FAO,

2022). This impressive growth may have generated what we denote here as aquaculture
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over-optimism, i.e., the belief that aquaculture can continue to

grow at its recent rate or even faster, and therefore be able to

meet global demand for fish single-handedly.

Data provided by the FAO show that aquaculture

production has been growing much faster than global wild

catch since the 1980s (Figure 1A) (FAO, 2018), with the

FAO (2022) drawing attention to “another all-time record of

122.6 million tonnes of farmed fish production in live weight in

2020”. It is worth noting that FAO farmed production quantities

include farmed algae and oyster-shells” (Edwards et al., 2019). In

addition, researchers (e.g., (M. J. Gentry et al., 2017; Lester et al.,

2018; Oyinlola et al., 2018; Costello & Connor, 2019) have

modelled potential production and suggest possibilities for

aquaculture expansion based on suitable fish farming areas.

For example, Gentry et al. (2017) projected that global

offshore aquaculture production could grow by more than 100

times the current production of finfish, concluding that “the

current total landings of all wild-capture fisheries could be

produced using less than 0.015% of the global ocean area”.

Costello et al. (2019) took an analytical and econometric look at

potential mariculture production and concluded that the ocean
Frontiers in Marine Science 02
could produce six times more than what it does currently,

providing almost two-thirds of the total protein demand of the

world population.

Granted that the above authors discussed the conditions and

scenarios under which their prediction may come true,—e.g.,

responsible policymaking, expanding the production of non-fed

mariculture, climate change mitigation—but these nuances and

conditions were lost in the media coverage, with titles such as,

“Can sustainable aquaculture feed the world?” and,

“Aquaculture could feed the world and protect the planet - if

we get it right”, most probably unintentionally feeding into

broader aquaculture over-optimism. The aquaculture industry

regularly uses the narrative of “food security” although empirical

evidence of the degree to which aquaculture has fed hungry or

nutritionally-deficient people is missing. In Bangladesh, for

example., shrimp are referred to as ‘white gold’, not for their

nutritional value but their export value (Ahmed & Diana, 2015),

a fact notably at odds with the idea that aquaculture directly

feeds the world’s poor.

Here, we first investigate, using publicly available data (FAO,

2020b and FAO, 2022) whether the recent rate of growth of
A

B

FIGURE 1

Comparison between fisheries catches and aquaculture. (A) Global food fish production from aquaculture and fisheries; (B) Comparison between
the magnitudes of global marine fisheries catches (from FAO) and the production of marine and diadromous fish (incl. salmon) and invertebrates
(crustaceans and molluscs) through mariculture. Note that molluscs (mostly bivalves farmed in China) need no feed, but that farmed fish and
crustaceans do, with feeds based on fisheries catches (dotted line).
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aquaculture production can be maintained (Liu & Sumaila,

2008). Second, we compare projections of aquaculture

production with those of future needs for fish to find out

whether aquaculture optimism can be justified. Third, we

describe the geography of aquaculture production compared to

wild aquatic species catch, both freshwater and marine, and

compare and contrast global access inequalities for the two

sources of fish, respectively. Even though the latter analysis

has been done earlier (e.g. Jennings et al., 2016; Belton et al.,

2020), we highlight social and economic aspects of the

geography of aquaculture production by comparing it to the

geography of wild fish catch, highlighting the socio-economic

implication of this difference.
Methods

Can the recent growth rate of
aquaculture production be maintained
into the future?

We analyze time-series data that illustrates aquaculture’s

changing productivity from 1950 to 2018 as we belief this time

series will give a better picture of the long term trends the paper

is concerned about. The period from 2019 to 2021 are the

COVID-19 years, and therefore extending our analysis to

include this period would only distort the picture. The data

used for this analysis are collected by the Food and Agriculture

Organisation (FAO) and include total farmed aquatic animal

and plant production for different countries. We identified the

top ten farmed species with the highest production quantity

between 2014 and 2018. These top ten species accounted for

nearly 70% of the reported world aquaculture production in

2018 (FAO, 2020a). We analyze the trends in aquaculture

production and growth rates for China and the next nine top

fish farming countries in the world. We also analyze the growth

rate of aquaculture production on different continents, which are

at different stages in the development of their aquaculture sector

to find out whether the ‘age’ of aquaculture on a continent is a

factor in its growth rate.

Non-fed species do not have a direct negative impact on wild

fish because they do not require aquafeed in the form of fishmeal

and oil, although intensive operations can have indirect effects

on wild fish through habitat and flow alteration (Gallardi, 2014).

These species have been identified as having a net contribution

to global food security (Jacquet et al., 2017). It is, therefore,

useful to find out if farming non-fed species has a different

production growth rate pattern than fed farmed species.

We used five-year moving average growth rates of

production to help decide whether the annual incremental

growth rates of production are increasing, decreasing or

remaining stable over time. Five-year moving average growth

rates were used to help discern the most relevant changes in
Frontiers in Marine Science 03
trends and to therefore gauge the potential of global aquaculture

production into the future.

We analyzed three groups of aquatic animals that are farmed

worldwide. Note that aquatic animals refer to either a single

species, a group of species (where identification to the species level

is not possible), or an interspecies hybrid. These three groups

included (i) the top ten farmed aquatic animals; (ii) the top 10 fed

and non-fed aquatic animals; (iii) species-group based class (total

categories for finfish = 103; bivalves = 33; crustaceans = 31;

grouped in Table S1). Each group represents the top ten aquatic

animals with the highest aquaculture production estimated as the

sum of total production from 2014 to 2018 (Table 2; Figure S1).

To simplify, we introduced four new groups of aquatic animals

(Carp, Catfish, Tilapias, Oyster, Mussel, Salmon, Seabream,

Trouts and Shrimp & Prawn) containing different species

relating to the same family (Table S1).

We then evaluated the total production by continent and

report the five-year mean production by weight before the peak

year of the growth rate (of production), and the last five years

in the period of our analysis, i.e., 2014 to 2018, for all the

farmed species assessed. Also, we analyzed the growth rates for

farmed species in each group using a piecewise linear analysis.

We then calculated the same numbers by continent and

displayed the results for the last five years of the period of

the analysis.

It is worth reiterating here that, we do not include 2019 to

2021 data in our analysis due to the fact that the COVID-19

pandemic has had a profound impact on the normal dynamics of

fisheries and aquaculture globally, by stopping production,

changing consumer demand, disrupting markets due to

lockdowns, curfews, physical distancing in operations and

onboard vessels, and port restrictions (FAO, 2022).
Can aquaculture production meet most
of the global demand for food fish?

Modelling exercises have been conducted recently to project

fish demand and supply, including those by (i) the World Bank-

FAO-IFPRI Fish 2030 analysis (WorldBank, 2013); (ii) the

OECD-FAO Agricultural outlook model (OECD-FAO, 2019)

and by the FAO (2018). We summarize these projections in

Table 1. To explore whether aquaculture can single-handedly

meet the global demand for food fish, we used the data in Table 1

to calculate the average annual projected global demand and

supply of food fish from the world’s fish farms in 2030.
Geographic distribution of current
aquaculture production

We analyze the global distribution of aquaculture production

by country and continent and compare and contrast this with wild
frontiersin.org
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marine and freshwater species caught by country and continent to

reveal how current aquaculture production is skewed relative to

wild catch, and its socio-economic implications.

Data from the FAO FishStat database (FAO, 2020b) for

inland and marine aquaculture, and inland fisheries landings

data (the 1950–2019 Global Production dataset: http://www.fao.

org/fishery/statistics/global-aquaculture-production/en) were

employed to conduct the analysis contained in this

contribution. The R statistical software (R Core Development

Team 1018) (R Core Team, 2020) is used to analyze the data.
Results and discussion

Aquaculture production growth
rate trends

Our analysis shows that the five-year moving average growth

rates of production have peaked (Table 2A). Examining production

data more closely reveals that the five-year moving average growth

rate of aquaculture production peaked at 14.1% in 1996, while the

equivalent moving average for wild catch peaked at 8.4% in 1963.

Positive trends in aquaculture production and the difference in

current growth rates between the two sectors may have led to the

expectation of a continued high growth rate of aquaculture. The

fed (mainly finfish and crustacean) and non-fed farmed species

(e.g., algae and filter-feeding molluscs) identified in this study

represent ~60% and ~20% of global aquaculture production for

the same period, respectively (Tables 2B, C; Figures 2C–F).

We find that while the total production for the top ten farmed

species continues to increase, the growth rates have peaked, and are

decreasing. This result also applies to the top ten fed and non-fed

farmed species (Figure 3; Table 2; Figure S1). The total production

of all the three groups has been increasing since 1950, yet the

growth rates are declining with the biggest decline recorded for the

top ten non-fed aquatic species (Figure 3). This is an important and

surprising result because non-fed species production is viewed as a

key contributor to food security, and it is ecologically less damaging

compared to fed species, and canminimize animal welfare concerns
Frontiers in Marine Science 04
(Jacquet et al., 2017). Our analysis suggests that Atlantic salmon

(Salmo salar) is the species with the highest drop in growth rate in

the world, decreasing from 314% (five-year moving average before

the production peaked in 1970) to just 0.9% recently (Table 2A).

The data reveal an order of magnitude drop in the growth rate

of Chinese aquaculture production: from 46.1% over the five years

before the growth rate peaked in 1954 to 2.6% in the five years to

2018 (Table 2D). The results reported in Table 2D show that the

growth rates of the next top nine aquaculture producing countries

follow similar patterns of growth rate. For instance, Myanmar’s

growth rate of production five years to the peak year in 1956

dropped from 87.5% to 4.7% in the five years to 2018, while that of

Chile dropped from 51.3% to -0.6% and that of Thailand dropped

from 32.7% to -3.7% most likely because of the White Spot disease

crisis that hit Thailand from 2011. Indonesia’s current growth rate

at 9.9% is the highest among the top ten producing countries, but

even here, there has been a drop compared to the country’s growth

rate of 11.7% five years before its peak in 2014. Also, Norway’s

growth which peaked in 1968 with 1.3% five years prior has

dropped to a 0.5% growth rate currently.

Trends in aquaculture growth rates by continent are not

different from the patterns for different configurations of species

and countries. Aquaculture production growth rates have

peaked in all continents, with peak years ranging from 1954 in

Asia to 2000 in Africa (Figure 2). The growth rate of aquaculture

production in Asia, the world’s leading aquatic animals farming

continent by far, dropped from 22.3% five years to its peak in

1954 to 4.0% in the five years leading up to 2018 (Figure 2). The

growth rate in South America was 54.4% before it peaked in

1976 at 1.9% recently. On the other hand, Africa has the highest

current growth rate, at 7.0%, which reached its maximum in

2000 at a rate of 32% five years before the peak year.
Can aquaculture production meet most
or the global demand for fish food?

In 2018, wild fisheries and fish farms supplied ~ 96.4 and

82.2 million tonnes of food fish, respectively (FAO, 2020). From
TABLE 1 Projected global per capita fish consumption growth rate, demand and aquaculture production.

Source of data Projected per caput demand in 2030
(kg per year)

2030 Projected demand
(millions of tonnes)*

2030 Projected aquaculture production (mil-
lions of tonnes)

FAO SOFIA Report 21.5 183.6 109.0

World Bank Fish
2030 Report

18.2 155.4 93.0

OECD-FAO
Agricultural Outlook
Report

21.2 181.0 103.0

Average projected demand and supply in 2030 173.4 101.7
*This is the product of per capita demand and the global population = 8.45 billion in 2030.
Source: United Nations Department of Economic and Social Affairs.
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TABLE 2 Aquaculture production and growth rates: 5-year mean production and growth rates before and after the peak year.

A) Farmed species production and growth rates

Species 5-Year mean Production
before the peak year

(103 t)

5-Year mean Production
after the peak year(103 t)

5-Year mean Growth
rate before the peak year

(%)

5-Year mean Growth
rate after the peak year

(%)

Peak’s
year

Grass Carp 21.06 4702.37 43.6 3.2 1954

Silver Carp 61.41 4090.62 44.8 1.2 1954

Whiteleg
Shrimp

0.14 1573.07 138.7 8.7 1974

Nile Tilapia 2.46 3645.35 29.8 4.8 1954

Japanese
Carpet Shell

88.12 688.93 39.2 2.0 1993

Common Carp 586.16 3485.10 28.0 2.4 1988

Bighead Carp 29.51 2697.49 41.1 1.6 1954

Carassius Spp 4.06 2344.46 45.1 2.5 1954

Catla 1151.56 2248.36 43.2 8.4 2007

Atlantic
Salmon

0.06 2046.27 314.1 0.9 1970

Striped Catfish 79.74 1908.50 29.7 3.8 2001

Constricted
Tagelus

0.03 136.92 147.7 3.3 1954

Pacific Cupped
Oyster

73.24 105.32 7.5 1.4 1976

Blood Cockle 16.48 72.19 28.1 0.4 1980

Chilean Mussel 0.12 49.36 92.6 13.1 1984

Yesso Scallop 6.99 33.65 66.2 3.5 1975

Blue Mussel 16.94 28.28 10.5 -1.7 1961

Green Mussel 8.94 21.75 74.6 -2.5 1978

American
Cupped Oyster

12.62 19.31 3.5 8.6 1995

Mediterranean
Mussel

1.04 16.91 24.1 -0.4 1963

B) Species group-based on class production and growth rates

Bivalves 979.42 2776.14 21.4 2.8 1995

Finfish 344.36 44345.85 20.5 3.6 1954

Invertebrates 4.31 3316.65 35.8 8.0 1971

C) Species group based on common name production and growth rates

Carp 183.80 22243.30 32.3 3.1 1954

Catfish 9.53 4603.73 44.5 4.3 1965

Mussel 27.31 346.46 16.5 3.1 1962

Oyster 354.22 933.96 24.4 4.8 1995

Salmon 0.06 2216.18 95.1 0.9 1967

Scallops 0.01 294.86 101.9 7.9 1975

Seabream 104.12 2131.37 37.2 7.0 1963

Shrimp &
Prawn

7.66 4900.97 20.2 4.0 1987

Tilapias 7.08 730.93 20.1 1.8 1954

D) Top 10 aquaculture countries with highest farmed species production and growth rates

China 144.33 27219.75 46.1 2.6 1954

India 843.71 4792.37 11.7 9.9 1991

Indonesia 2601.95 3868.99 17.1 5.7 2014

Viet Nam 22.58 2641.70 11.1 5.2 1958

(Continued)
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Table 1, we see that the average annual projected demand for

food fish in 2030 by the FAO, the World Bank and the OECD is

173 million tonnes. These same institutions have projected an

average annual aquaculture production of 101 million tonnes

annually, which means they expect the annual growth rate of

aquaculture production to be ~2% relative to the 2018

production level. These numbers suggest that for aquaculture

to supply most or all of the total global fish demand, totaling 173
Frontiers in Marine Science 06
million tonnes by 2030, the supply from fish farms would have to

grow by. at least up to, 3 times the average projected annual

growth rate by the FAO, World Bank and the OECD.

But wouldn’t technological innovation help aquaculture

achieve a 3-fold annual growth rate relative to the predictions

of these 3 important global institutions? Well, one could say that

anything in life is possible but the evidence on the ground says

otherwise. For aquaculture to defy the projections of these 3
TABLE 2 Continued

A) Farmed species production and growth rates

Species 5-Year mean Production
before the peak year

(103 t)

5-Year mean Production
after the peak year(103 t)

5-Year mean Growth
rate before the peak year

(%)

5-Year mean Growth
rate after the peak year

(%)

Peak’s
year

Bangladesh 329.31 1832.60 21.5 5.4 1998

Norway 0.29 1164.75 1.3 0.5 1968

Egypt 153.57 1162.20 42.3 9.1 2000

Myanmar 0.01 869.85 87.5 4.7 1956

Chile 1.04 793.75 51.3 -0.6 1986

Philippines 205.36 629.95 20.9 0.8 1983

E) Continents production and growth rates

Asia 336.21 44372.00 22.3 4.0 1954

Europe 693.63 2150.81 22.6 1.0 1990

Africa 193.71 1686.86 33.5 7.0 2000

South America 0.92 1607.51 54.4 1.9 1976

North America 143.78 601.62 21.8 3.4 1984

Oceania 11.35 93.03 26.8 6.9 1991
fronti
(A) The top ten farmed species; (B) Fed farmed species; (C) Non-fed farmed species. These represent the three farmed species groups with the highest global production (2014-2018). (D)
Top 10 aquaculture countries with the highest farmed species worldwide. (E) Continents production and growth rates. Total production is calculated from 1950-2018, and the growth rate is
quantified as five year-on-year moving average 8.
Note that the top 10 countries supplied 90% of the total world aquaculture production from (2014-2018).
FIGURE 2

Global aquaculture production and growth rates. Pie charts show the global aquaculture production (%) by continents from 2014 to 2018. Asian
pie chart also illustrates the percentage of contribution from the world’s largest’ producer (China). Green and red arrows indicate the five year-
on-year moving average growth rate (%) before the peak growth rate and five-year moving average between 2014 and 2018, respectively.
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institutions, the gains in technology and management must be

very substantial, and the economics has to work out, especially,

during this COVID-19 pandemic, which disrupted global

production reversing previously favorable trends as reported in

FAO (2022). The total factor productivity changes from 1996 to

2008 for the Norwegian salmon aquaculture industry was 1–2%

a year, where the contribution from technical efficiency change is

between 0.2 and 1.2% and that from technological change is

between 0.6 and 0.8% (Asche et al., 2013). This information does

not seem to support the hope that we can innovate ourselves out

of the well-founded growth projections of the FAO, World Bank
Frontiers in Marine Science 07
and the OECD. What is more, technological development in this

case ultimately faces the limitations of the biological system. For

example, if you try to intensify fish farming as Chile has tried, the

whole system blows up due to increased disease prevalence and

algae bloom (Trainer et al., 2020). There are also limitations in

management and economics. The returns on investment to new

technology have to pay off, and unless real fish prices increase

significantly, some of these investments will not pay off easily.

Capping these barriers to the ‘‘expected’’ aquaculture growth is

the uncertainty involved both in raising the animals and those

on the marine ecosystem itself.
A B

D

E F

G

I

H

J

K L

C

FIGURE 3

Total farmed species production and growth rates. Figures (A, B) illustrates the top ten farmed species; (C, D) the top ten Fed farmed species; (E, F) the top
ten Non-fed farmed species; (G, H) finfish farmed species; (I, J) Bivalves farmed species; (K, L) Invertebrates farmed species). Total production is calculated
from 1950-2018, and the growth rate is quantified as five year-on-year moving average from the peak growth production to 2018. The red line
highlights the trends for the last five years (2012-2018). The five year-on-year moving average trends are (B) slope1 = -3.67, slope 2 = 0.05;, R2 = 0.5;
(D) slope1= -3.55, slope2 = 0.05, R2 = 0.5; (F) slope1 = 0.02, slope2 = -0.39, R2 = 0.27; (H) slope1 = -3.30, slope2 = 0.03, R2 = 0.52; (J) slope1 = -3.69,
slope2 = -0.02, R2 = 0.23; (L) slope1 = 0.61, slope2=-0.6, R2 = 0.42. Data source: Food and Agriculture Organisation (FAO).
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The geographic distribution of wild fish
catch and aquaculture production and its
socio-economic implications

Current aquaculture production is geographically concentrated,

with Asia accounting for ~90% of global aquaculture production

(Figure 4). The remaining 10%of the global output is sharedbetween

the other five continents, with Europe contributing ~4%. Catch of

wild aquatic animals is less concentrated geographically, with Asia

accounting for 54% (andChina 18%) ofworld production (Figure 4).

Further comparison of these two sources of food fish vividly

demonstrates how aquaculture production is skewed

geographically (Figure 4): (i) of the 206 countries in our study, 58

produced on average <100 t of farmed fish a year between 2012 and

2018. The number of countries with such low catch of wild aquatic

animals is only 27; (ii) while China alone produces 60% of total

production of farmed fish, two hundred and one countries

cumulatively produce 60% of total wild aquatic animal production,

highlighting the extremegeographical bias offarmedfishproduction;

(iii) SIDS (Small IslandDevelopingStates), coastalAfrican andSouth

American countries would likely suffer significant food insecurity if

we allow wild aquatic animals to be depleted (Figure 4). Thus,

providing most of the world’s food fish through aquaculture will

have significant socio-economic, nutritional and food security

implications for these countries, and by extension, the world at

large (Srinivasan et al., 2010; Hicks et al., 2019; Pauly, 2019).

Given the trends in growth rates, the projections about

global aquaculture growth are likely inflated. In particular, the
Frontiers in Marine Science 08
results regarding shellfish are telling because many of the

extreme “optimists” suggest that shellfish should dominate

production in the future to minimize stress on marine

ecosystems via pollution and feed sourcing (Wang et al.,

2015). Yet the biggest declines in growth appear to be in the

non-fed category (Figures 3E, F). Also, the skewness of current

aquaculture production with China alone producing ~60% of

global production implies that many developing coastal

communities, with little purchasing power, would suffer

increasing nutritional and food insecurity if most fish supply

were to be produced by farming. This is because it would be

difficult to meet their needs by importing aquatic animals from

the few big aquaculture producing countries. Even if it were

technologically, environmentally and economically feasible to

supply all or most of the world’s fish from farms, there may be

compelling socio-economic reasons for conserving, rebuilding

and sustaining wild aquatic living species (Teh and Sumaila,

2020; Sumaila, 2021; Cheung et al., 2022). For example, if Europe

were to rebuild and properly manage its fisheries, catches in

European waters could increase by about 5 million tonnes,

which is more than the current annual European aquaculture

production (Froese et al., 2018). Indeed, global fisheries catches

could generate an annual increase exceeding 16 million tonnes

with sound management (Costello et al., 2016).

Our analysis suggests that the notion that fish farms alone could

supply most of the fish that the world needs seems unrealistic,

especially as both global incomes and population continue to grow.

Aquaculture is not unlike other food systems, including wild
FIGURE 4

Global food fish production is unbalanced. The continental percentage contribution to global food fish production from aquaculture and
fisheries catch.
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fisheries, in that “new production” activities usually grow fast and

then growth tapers off, as inevitably, declining marginal returns to

inputs, resource constraints, and compound growth laws set in.

While we do not argue against carefully thought out sustainable

aquaculture in support of nutritional and food security, the growth

trends for the sector presented in this contribution mean that

reliance on aquaculture to solve a myriad of global food insecurity

problems is unrealistic. One of the most serious consequences of

aquaculture over-optimism is that it could strongly reduce the

incentive to re-build and conserve wild fisheries except wild forage

fish used in feeds, and the world needs to guard against this

happening to avoid social and economic consequences for many

coastal communities, especially in the Global South. Instead of

aquaculture over-optimism, it would be better to focus on the

ethical ways to sustain aquaculture production within changing

social values and the planet’s biogeophysical limits.

It seems to us that aquaculture over-optimists overlook three

important points: (i) fisheries catches are usually compared to

farmed production of marine animals and plants (Figures 1A, B),

and these artificially inflates the perception that aquaculture

contributes much more than it does to food fish supply; (ii) just

like wild fish catch, the growth rate of aquaculture production has

also peaked, and rates of growth have since declined; and (iii) the

fact that wild fish catch peaked about 30 years earlier than the

growth rate of aquaculture production is to be expected because,

as depicted in the catch trends in Figure 1B, modern industrial

high volume fish farming started decades after modern industrial

high volume wild fisheries took off. It is the nature of many

industries (and economies) that growth rates are high in the

beginning, reach a peak, and eventually taper off. These initial high

growth rates are ultimately slowed down by the inevitable

constraints that emerge with increasing production. The

biological, economic, and institutional challenges of maintaining

extremely high growth rates on an expanding production base in

the face of resource constraints cannot be underestimated. In the

case of aquaculture, such limitations include space, water, disease

and pest pressure, climate change and variability, base products

for fishmeal and fish oil (including forage fish), and cultural

norms (Godfray et al., 2010; Costello et al., 2019; Cottrell et al.,

2019; Garlock et al., 2020).

As we further consider the sustainability of global food supply

in terms of nutrition, ecological impacts, and distribution

(Hirvonen et al., 2020; Fanzo et al., 2021), we must modify many

of our current projections of aquaculture production in light of

slowing growth rates, and acknowledge the current unsustainable

trends so that we can put aquaculture on a better path towards

contributing to meeting global food fish demand sustainably and

equitably (Naylor et al., 2021; Short et al., 2021).
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