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Aquaculture, commonly conceived as “fish farming,” includes the culture of animals, 
plants, or other species in water. Although about 70% of Earth’s surface is covered by 
water, aquaculture often uses much smaller spaces such as tanks, ponds, raceways, 
or aquatic enclosures to grow aquatic food, fiber, and other resources. Theologically, 
humans are called to “protect and serve” (Gen. 2:15), and throughout the Bible, there 
are calls to good stewardship and cultivation while allowing for fruitfulness of other 
creatures. Biblically, fish are seen as God-created aquatic creatures, often used as food, 
with implications for wise stewardship (e.g., Psalm 8). 

At the present, many fisheries around the world are overfished. Sustainable aquacul-
ture should address environmental, economic, and health concerns, and it could help 
reduce the stress on natural fisheries. As the fastest-growing protein sector, aquacul-
ture now produces more seafood than the wild harvest of all the world’s oceans (now 
approximately 120 million metric tons per year). This promising and expanding field 
(approximately 6–8% growth per year over the last 50 years) includes extremely 
efficient converters of protein, micro- and macro-algae (seaweeds) that can absorb 
unwanted wastes and clean the water, and filter feeders such as oysters and clams that 
clear the water of algae and other particles, simultaneously contributing various eco-
system services and habitat. Ongoing problems include pathogenic and related disease 
issues, environmental pollution in surface waters, food safety, increasing automation 
utilization, potential genetic concerns, and the relatively recent start of modern aqua-
culture (most aquaculture growth has occurred since 1970). This article addresses each 
of these hurdles, identifies areas of theological and ethical concern, and clarifies matters 
of interest to Christians and  others, suggesting possible ways forward in this fast-
growing but challenging field.
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Steven Hall

“And God said, 
 ‘Let the water teem 
with living creatures 

… so God created the 
great creatures of the 

sea and every living 
thing with which the 

water teems and that 
moves about in it.’” 

(Gen. 1:20–21, NIV)

“Then God said, ‘Let 
us make mankind 

in our image, in our 
likeness, so that 

they may rule over 
the fish in the sea 
…’” (Gen. 1:26a)

“The Lord God took 
A’dam (earthling) 

and put him in the 
Garden of Eden to 

shmar (protect) and 
abad (serve) the 

garden.” (Gen. 2:15)

“Lord our Lord, how 
majestic is Your name 

in all the earth ... 
You care for (human 
beings) … You have 

made them rulers 
over the fish in the 
sea, all that swim 

the paths of the sea 
…” (Ps. 8:1,6–8)

“Taking the five loaves 
and two fish and 

looking up to heaven, 
Jesus gave thanks 

and broke them. 
Then he gave them 

to the disciples, 
and the disciples 
gave them to the 

people. They all ate 
and were satisfied.” 
(Matt. 14:19b–20a)

Definition of Sustainable 
Aquaculture
Aquaculture is the culture of aquatic 
organisms for food, fiber, and other 
resources.1 It has developed quickly in 
recent decades, producing only a few 
percent of total fish consumed in 1970, 

but now providing roughly as much bio-
mass as wild harvest from all the world’s 
oceans (albeit in a much smaller total 
area) and is worth roughly $160 billion.2 
Fish and shellfish currently represent 
over 17% of all animal protein consumed 
globally, providing high quality protein 
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for the growing middle class as well as low cost 
protein for the world’s poor.3 It is also the fastest-
growing modern protein source on the globe.4 There 
is evidence of historic culture of carp in China, of 
floating plant/fish systems in Mexico, of historic fish 
ponds in Europe, and of indigenous farming of fish 
from coastal embayments in historic Hawaii, among 
others.5 These systems appear to have been relatively 
small and fairly sustainable. However, concerns 
about sustainability of modern aquaculture for large 
populations raise questions on how to minimize 
adverse effects on the environment, enhance produc-
tion efficiency, and optimize health;6 each of these 
may be considered for their ethical and theological 
implications. 

A truly sustainable aquaculture would minimize 
environmental effects and provide safe, ethical, and 
healthy products while utilizing the ability of finfish 
to convert feed very effectively, ideally allowing wild 
fish stocks to recover from their currently depleted 
status. Modern aquaculture is only a few decades old 
(see fig. 1) but is likely to continue to grow, so we 
explore a theology of sustainable aquaculture.

Seafood includes finfish, crustaceans, fish eggs, 
marine mammals, mollusks, aquatic plants, and 

algae. Consumer demand for seafood has increased 
due to its perceived health benefits and abundance.7 
With global fish production (wild caught plus aqua-
culture raised) now approaching 170 million metric 
tons, and with seafood making up 17 percent of all 
animal protein consumed by the global population 
(in 2020), seafood safety and sustainability is critical.8 

A report by the Food and Agriculture Organization 
of the United Nations (FAO) indicates that Americans 
now eat about 16.5 pounds of seafood per year com-
pared to the 10 pounds consumed in the 1980s.9 
Aquaculture, in particular, is rapidly increasing 
production, while capture fishing has remained stag-
nant.10 Although aquacultural systems do rely on 
significant capital and energy, it has been noted that 
the edible meat yield in fish is usually high compared 
to livestock, both in terms of feed conversion ratio 
and meat yield per total animal weight.11 Despite the 
productivity and growth of aquaculture, obstacles 
remain and must be addressed to move toward sus-
tainability. Some of the most important questions 
have ethical or theological aspects: How can we 
provide for fruitfulness of both humans and other 
creatures? How can we care for God’s good creation, 
including aquatic creatures and environments? 

Figure 1. Growth of aquaculture has now surpassed all wild caught seafood (based on data from FAO 2020). About 40% of aquatic 
production is macroalgae or seaweed. The long-term growth has been 6–8% per annum for several decades. Units are millions of metric 
tons (MMT) of annual production.
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Harmful Results of Aquaculture
Thirty percent of regional fish stocks are over­
exploited, and a majority of fisheries are at or beyond 
their sustainable limit.12 The ramifications of over-
fishing on global fisheries include coastal pollution, 
diseases, genetic introgression, and human and ani-
mal health.13 Recent work argues that the world’s 
oceans have been substantially affected and that 
aquaculture has not yet provided enough fish to 
reduce the stress on the world’s  natural  fisheries.14 
However, without continued growth of aquaculture 
to feed growing populations, can we hope to provide 
protein for millions of poor or hope for the world’s 
depleted fisheries to be restored?15 Conversely, can 
the growth of aquaculture continue, and if so, at what 
cost?16 How might we move aquaculture onto a more 
sustainable path, providing high quality protein for 
today while stewarding our oceanic and freshwater 
resources for the future?17 What special contributions 
and considerations come from a theological per-
spective? These questions are central to providing 
a vision for future development of aquaculture that 
not only protects the oceans but ideally also contrib-
utes to restoring marine fisheries and other aquatic 
habitats while providing healthy, efficient protein for 
the world.

Implications of Aquaculture on  
Wild Stocks
While the hope has been that aquaculture might 
reduce the stress on wild stocks, at least two major 
areas remain as significant considerations. First, car-
nivorous fish cultured in tanks or cages still require 
a high­protein diet, and fish meal is part of that diet. 
This fish meal often comes from wild bycatch and 
drives up demand for wild caught fish. Parallel to 
this is another large and growing field: the demand 
for fish in animal diets, including pets. Cats in par-
ticular need protein in the diet, and fish is often 
considered a desirable part of cat diets. Finally, the 
“farming” of some fish such as tuna is often depen-
dent upon catching wild fish and then fattening 
them in ocean cages.18 This is yet one more demand 
on wild stocks. 

How can we reduce these outcomes? Johann Bell and 
coauthors suggested ways to sustain Pacific Island 
economies which are dependent on tuna harvest.19 
Others have addressed ways to advance tuna cul-
ture, but at the same time reduce adverse effects on 

wild stocks by breeding and culturing tuna in cap-
tivity.20 These efforts require more work before they 
will be useful in solving the concurrent problems of 
the wild fisheries. 

Another example of aquaculture’s influence on wild 
fish stocks has involved the farming of Atlantic 
salmon from Norwegian stock. These fish have 
escaped at times and interbred with the local popula-
tions (typically relatively small in eastern Canada and 
the US); the resulting hybridization between farmed 
and wild stocks, and genetic changes in the overall 
wild population, are causes for concern. As recently 
as 2018, substantial occurrences of “large escapes” 
of domesticated Atlantic salmon “unambiguously” 
diminished populations in seventeen of eighteen riv-
ers sampled.21 These circumstances are limiting the 
fruitfulness of wild fish (contrary to Genesis 1) and 
damaging the environment. Dis-covering methods 
to mitigate the effects on wild stocks is crucial for 
advancing toward a more sustainable aquaculture.

Pollution, Wasted Resources, and 
Environmental Impacts
The presence of excess nutrients both from land­
based human farming and industry and also from 
aquaculture in and near coastal areas has been 
documented in various “dead zones” and related 
phenomena. Some of this is directly attributed 
to excess feed and feces from aquaculture farms. 
Growth may exacerbate this, but more­sustainable 
practices (in the case of seaweed and filter feeders 
like oysters) might improve water quality. However, 
at present, numerous studies have noted ongoing 
pollution in areas near and often several hundred 
meters from aquaculture feeding operations.22 
Clearly, as aquaculture grows, these consequences 
will escalate unless efforts are made to minimize 
feeding operations or to manage them differently. 
Michael Timmons and Brian Vinci suggest recirculat-
ing aquaculture systems (RAS) with fish tank culture 
to manage wastes more effectively.23 

Atlantic Sapphire, whose website boasts an entire 
section on sustainability, grows oceanic fish 
 including Atlantic Salmon in recirculating systems 
“better for fish, for people and for the planet we all 
share,” and claims to “skip the fish wastes, escapees, 
hormones, parasites, and antibiotics used in some 
sea­based fish farming.”24 These are fairly idealistic 
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claims which do not acknowledge the significant 
capital and operating costs of most land­based RAS 
or other complexities that may be posed in these 
more controlled environments. While technology 
may be deployed to sustain or harm, sustainable 
activities must consider the laws of physics and biol-
ogy and work with them, not against them. We also 
have the task of maintaining humility, a fundamen-
tally theological approach. At the core of a theology 
of sustainable aquaculture lies the balance between 
biology and ecology.

Ecosystems can also be affected by aquaculture. For 
some time, mangrove ecosystems were destroyed 
for shrimp farming, leading to loss of protection 
from tsunamis and coastal storms.25 More recently, 
Rosamond Naylor et al., in 2021, note that “destruc-
tive habitat conversion, particularly by shrimp 
farming in mangrove ecosystems raised in the pre-
vious review has declined markedly since 2000” and 
cite studies from China and Vietnam.26 However, 
they also note that ongoing serious consequences 
include “pathogens, parasites and pests,” as well as 
environmental pollution which may lead to harmful 
algal blooms and may be exacerbated by changes in 
climate. These problems at the ecosystem level may 
be further exacerbated by biological limitations of 
aquaculture.

Biological Problems:  
Genetic Introgression, Diseases, and 
Invasive Species
Escapees from cage­based ocean aquaculture systems 
(or pond systems during flood events) can contrib-
ute to genetic introgression, genetic changes from 
cultured fish that may reduce survival, and genetic 
diversity of wild stocks. Diseases can be transmit-
ted and may develop more quickly in high-density 
fish farms, either in the ocean or in tanks or ponds. 
Parasites may grow on fish; in ocean cages, they 
can be transmitted to wild animals nearby. Sea lice 
(parasites found on salmon) have been documented 
to infest wild fish in the vicinity of cage­based fish 
farms, posing a problem costing over $100 million 
annually. Similar dilemmas are encountered in land-
based farming, and they significantly influence the 
potential sustainability in the aquaculture sector. 
Furthermore, they tend to be inflated as operations 
grow.

This article is not the first to tackle topics concerning 
sustainability or even theology and sustainability. 
In fact, the literature on both sustainable agriculture 
and sustainability in aquaculture (the culture of food, 
fuel, and fiber in aquatic environments) has grown in 
recent decades. Rex Caffey addressed sustainability 
in modern aquaculture just over two decades ago.27 
Since that time, there has been much scientific work 
and possibly even more popular activism both for 
and against aquaculture and its sustainability.28 The 
genetics of aquatic systems, introduced species, and 
disease proliferation within and beyond high­den-
sity aquaculture systems are some aspects requiring 
future research and attention.

The genetic understanding of aquaculture species, 
compared to other forms of agriculture, is relatively 
nascent. For example, several species of animals 
were cultivated (and genetically selected) in biblical 
times, so we are likely thousands of generations into 
these genetic selection processes. Most aquaculture 
species are, at most, a few decades removed from 
the wild. For example, modern catfish (a $400 million 
per year industry in the southeastern United States) 
have been genetically managed for perhaps twenty 
generations, while striped bass are only on genera-
tion eight.29 Compared to land­based agriculture, 
aquaculture is very early in its development, but this 
also allows consideration of how to wisely manage 
genetic and biological resources.

To date, there has been limited genetic engineer-
ing in aquaculture. There has been modest work on 
triploid (sterile) oysters and tilapia, but this does not 
introduce any other species’ DNA into either oys-
ters or tilapia. One exception is the AquAdvantage 
salmon (with inserted genetics from other species), 
which has been viewed positively as a “pioneering 
application of biotechnology in aquaculture”30 and 
negatively with concerns that parallel those about 
genetically modified organisms (GMOs) in land­
based plants and animals. GMOs have now entered 
the pet trade, including “GloFish.” On land, many 
of our cultivated plant species are now genetically 
modified (e.g., corn is now over 90% GMO across the 
United States), whereas this has not yet happened as 
extensively in aquaculture. Serious concerns include 
growth hormones and “playing God,” unknown 
consequences of these techniques on the environ-
ment, and food safety. In 2015, the FDA approved the 
AquAdvantage salmon and declared it safe to eat. 
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Whether and when other species may be introduced 
is not clear. There has been significant resistance to 
GMOs.

Furthermore, concerns regarding invasiveness arise 
with the introduction of an entire species. Invasive 
species may be presented unintentionally in new 
habitats where there are few predators to keep them 
in check. Introduced species (aquatic species native 
to one area, introduced to another) are common. For 
example, Atlantic salmon (non­GMO) are grown on 
the west coast of the United States (US) and Canada, 
as well as Norway and Chile. Washington state 
raises five different cultivated species of oysters: the 
majority are native to other regions, including the 
Atlantic Eastern oyster Crassostrea virginica and the 
Pacific oyster Crassostrea gigas, native to the western 
Pacific. So far, it appears that these species have not 
displaced native species excessively, but there are 
well-founded concerns. 

The nutria, or swamp rat, Myocastor coypus, was 
introduced to the Gulf coast from South America to 
cultivate for fur, but it escaped and has done con-
siderable damage to coastal wetlands. Attempts 
to control this invasive pest have included paying 
bounties for trapping, turning them into dogfood 
and sausage, and reinvigorating the native predator 
Alligator mississippiensis population.

Another example of invasive finfish species is the 
jumping carp or silver carp, Hypophthalmichthys moli-
trix, slowly invading the US Midwest. Ironically, it 
is threatened in its native China and Siberia.31 One 
solution would be to utilize native species to com-
pete with invasive counterparts. A second approach 
would be to include biosecurity techniques to reduce 
the spread of invasive species. These are concerns 
that must be addressed as aquaculture expands.

Health and Safety
Animal and human health are both concerns. Fish is 
generally acknowledged as high­quality protein, but 
questions about health of fish may be tied to patho-
gens. Biosecurity can help, but it is acknowledged 
that a mix of practices can be found worldwide.32 
Human health concerns with wild caught finfish 
include substances that may be bioaccumulated 
such as mercury and other heavy metals. Generally, 
cultured seafood should minimize this risk, as feed 

is controlled and bioaccumulation is minimized 
in cultured systems, where feed conversion is very 
efficient.

While filter feeders such as oysters, clams, and 
mussels help clean the water and algae can extract 
nutrients from the water, food safety in raw seafood 
is still a concern to safely enjoying these products. We 
see in the scriptures that eating animals and using 
agriculture for food has always been an integral part 
of humanity’s function on Earth. In Leviticus 11, God 
invites the Israelites to consume aquatic animals 
with fins and scales. At that time, however, shellfish 
and other sea creatures were regarded as unclean. 

After the death and resurrection of Jesus Christ came 
the introduction of a new covenant between God and 
those who obey him. A result of this new covenant 
was the inclusion of Gentile believers in the family 
of God. This is demonstrated in Acts 10 when God 
spoke to Peter through a vision. God placed before 
Peter animals that were previously viewed by Jews 
as unclean and told him to kill and eat them. Peter 
refused, but God told him, “Do not call anything 
impure that God has made clean” (Acts 10:15). While 
God used this vision to call Peter to share the good 
news of the gospel with non­Jews, a dual mean-
ing regarding a change in food consumption can be 
understood from the text. Paul explains this new 
freedom in his letter to the Corinthians. He urged 
them to realize that “… food does not bring us near to 
God; we are no worse if we do not eat, and no better if 
we do” (1 Cor. 8:8). However, Paul urges the believ-
ers not to be stumbling blocks to brothers and sisters 
who feel that eating certain foods is sinful. He said,  
“Therefore, if what I eat causes my brother or sister to fall 
into sin, I will never eat meat again, so that I will not cause 
them to fall” (1 Cor. 8:13). Even our Lord declared all 
food clean: “‘Are you so dull?’ he asked. ‘Don’t you see 
that nothing that enters a person from the outside can 
defile them? For it doesn’t go into their heart but into their 
stomach, and then out of the body.’ (In saying this, Jesus 
declared all foods clean.)” (Mark 7:18–19). Knowledge 
of these scriptures should compel us to give thanks 
and delight more fully in the food we eat, especially 
seafood. 

Aquaculture is proving a viable source of seafood 
protein for humanity. Along with the production of 
seafood, however, comes the responsibility to pro-
vide safe seafood for consumers. Food safety is a 
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looming challenge for food, agricultural, and aqua-
cultural industries. During pre-harvest, processing, 
distribution, and after consumer purchase, careful 
consideration is taken to make food safe for human 
consumption. The risk of illness as a result of eating 
seafood is more likely than consumption of non-sea-
food meat due to the fact that seafood products are 
either eaten raw or processed in ways that may not 
completely kill harmful organisms.33 In aquacultural 
systems, safety can be ensured by proper screen-
ing and monitoring of juvenile fish and mollusks to 
ensure no contaminants are introduced into the sys-
tem. After the animals are matured and prepared 
for market sale, systems to clean shellfish can be 
employed to aid in the further reduction of physical, 
microbiological, and/or viral contaminants. 

Technology may, on the one hand, increase safety; 
but on the other hand, have unexpected harmful 
results. Automation is expanding in many different 
industries—from manufacturing to customer ser-
vice. The aquacultural industry has also employed 
automation via the use of automated feeders, sam-
pling devices/vehicles, and monitoring systems.34 
An autonomous system can describe any system 
that gathers information, generates a solution, and 
then executes an action implementing the solu-
tion.35 While autonomous systems are an exciting 
area of technology and one that will almost certainly 
become more necessary in large­scale aquaculture, 
these systems can have unintended consequences—
both technical and human—involving interaction, 
intentions, and capabilities.

Combinations or teams of vehicles may work in col-
laboration to collect multi­perspective data and/or 
to provide vehicle task assistance.36 These systems 
are now being developed and implemented within 
various fields, from the military to environmental 
monitoring, and can be configured in various ways 
based on vehicle type, quantity, and collaborative 
structure.37 Collaboration is dependent on the type 
and amount of interaction on the human­robot inter-
face and the methods of vehicle communication.38 
The shared goal of these systems is to make tasks 
less expensive, safer, and more efficient in order to 
expand data collection possibilities, minimize risk, 
and optimize productivity.39 

Serious ethical and theological implications are 
linked with autonomous systems—humans are still 

responsible for these “autonomous” systems, which 
may be parallel to “ruling over” other creatures 
(Gen. 1:26). Damage from autonomous agents might 
be considered in the same light as responsibility for 
domestic animals in Exodus 21:28–30. The owner of 
such a system bears responsibility. Theology should 
be considered regarding the dynamic relationship 
between humans and their autonomous systems. 
This goes beyond aquaculture, but the same prin-
ciple applies: to enhance fruitfulness of creation, to 
maintain safety, and, ideally, to enhance human life. 

A More Sustainable Path
Sustainability has become a significant part of the 
conversation concerning how to manage our planet 
and humanity’s stewardship of it, especially over 
the last few decades. Sustainable development, sus-
tainable agriculture, and sustainable aquaculture 
have been the focus of many publications, with con-
siderations of social, environmental, and economic 
aspects, sometimes popularly referred to as “people, 
planet, and profits.”40 Aquaculture is growing; if 
managed well, it may help reduce pressure on wild 
fish stocks while providing high quality protein for 
billions. A theology of sustainable aquaculture will 
be biblically based and will consider environmental 
and social conditions while presenting a vision of 
fruitfulness and responsible stewardship of creation.

One hope is to grow aquaculture enough to allow for 
a reduction in the stress on worldwide ocean fisher-
ies and restoration of depleted wild fish populations. 
This would allow for human and aquatic flourishing. 
Figure 2 suggests possible scenarios based on cur-
rent wild harvest and aquaculture production levels 
and growth rates of aquaculture that may allow wild 
fisheries to begin a restoration process with reduced 
catch. Based on this, production of aquaculture will 
likely exceed 200 million metric tons (MMT) by 2050 
(using a conservative linear trend based on growth 
since 2010); wild fishery harvest can be reduced from 
recent harvests over 90 MMT to a more sustainable 
80 MMT, still providing food for a growing world 
population (estimated growth approximately 2–3 bil-
lion additional people during this period).41 

Total harvest (wild plus aquaculture) is expected 
to be nearly 300 MMT in 2050, roughly correlat-
ing with an increase in world population, but still 
minimizing negative effects on the oceans. In a more 
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extreme  scenario, if aquaculture continues to grow at 
the historic rate of about 6%, this could lead to over 
500 MMT of aquaculture production alone by 2050. 
Further growth in aquaculture that does not harm 
oceans, biological stocks, or water quality will be an 
ongoing task. Continued efforts to reduce wild catch 
to sustainable levels should be made in concert with 
increasing well-managed aquaculture production. 
Theological and values approaches, as well as physi-
cal (e.g., engineering, management) and biological 
techniques used to produce this volume of food, 
could be what separates a largely sustainable future 
from one that tragically degrades creation. 

One example of an aquaculture success that also 
helped with restoration is alligator culture. These 
endangered species were reinvigorated substan-
tially through parallel aquaculture and restoration 
 activities. According to practices overseen by regu-
lators, a certain percentage of alligators are released 
to the wild at 4 feet (1.2m) in length, when they are 
likely to survive. As a result of this wisely managed 
aquaculture and related regulations, wild popula-
tions have been substantially increased over four 

decades and the predation of wild alligators has 
reduced invasive nutria populations and helped 
reinvigorate the marsh ecosystem.42 Simultaneously, 
a multimillion­dollar business in alligator produc-
tion has grown up in Louisiana, with a similar-size 
industry in Florida, indirectly helping pay for resto-
ration efforts.

Various authors address sustainability in three areas: 
environmental, economic, and social.43 There seems 
to be agreement on the belief that sustainability is 
not simply good but necessary for future society.44 
Such beliefs imply values and ethics. A Christian the-
ology of sustainability must be focused on Christ, his 
atoning work, and the restoration of humans and all 
creation that is ongoing. Christian values—includ-
ing truth and grace—must be at the center of such 
a theology. Our action originates with Christ’s love 
and flows out to his created order with our desire to 
care for those he loves. This will result in an empha-
sis on caring for creation wisely and faithfully while 
providing for people and other creatures with com-
passion, both now and in future generations. This, as 
it turns out, sounds similar to “sustainability.”

Steven Hall et al.

Figure 2. Actual history through the present, and projections based on current levels of wild caught and aquaculture production with 
conservative linear growth (middle line) based on linear trends from the last decade; and long-term growth rate (upper line) of 6% per 
year, consistent with aquaculture growth since 1950). Data based on FAO 2020 Fishstat at http://www.fao.org/fishery/statistics. Given past 
aquaculture growth and expected future trends, wild fisheries could at least partially recover while aquaculture could provide more total 
protein (aquaculture plus wild fisheries) per person for expected increasing population. The middle (linear growth) model provides more fish 
protein per person than current totals from aquaculture and wild fisheries, while the higher (6% growth) curve roughly doubles that number 
by 2045. Units are millions of metric tons (MMT) of annual production.

http://www.fao.org/fishery/statistics
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Long­term sustainability requires each aspect—envi-
ronmental sustainability (creation care/restoration), 
sufficient economic return (appropriate use of tal-
ents, fair wages), and social and community features 
(loving our neighbor, thankfulness to God, caring 
for those in need)—to support a population that can 
cultivate (Gen. 2:15) and manage resources in a bene-
ficial way. Certain characteristics of sustainability on 
land are still controversial, but sustainable aquacul-
ture is even earlier in development.45 Sustainability 
in aquaculture may mean farming on lower trophic 
levels by using more plants or algae as feed and 
less fish meal, or by growing valuable seaweed that 
cleans the water by absorbing nutrients that could 
otherwise cause detrimental environmental effects;46 
aquaponics contributes to these desirable outcomes 
by growing edible plants and fish in parallel systems 
that increase productivity and minimize environ-
mental pollution.47 While some cultured species are 
carnivorous (e.g., salmon, trout), and current mod-
els still include their production due to economic 
demand, these species require more protein—often 
wild fish—in feed than species lower on the trophic 
order. Fish such as tilapia and carp can be fed largely 
plant­based diets, reducing inputs of protein, while 
filter feeders such as oysters and clams remove algae 
and other particles from the water column, thus 
enhancing water quality. In fact, aquaculture’s larg-
est production by mass is already aquatic plants: 
macro algae or seaweed.48

Humans are called to “rule over the fish of the sea” 
(Gen. 1:26), but the implication is stewardship and 
caring for these creations—allowing for the fruit-
fulness of aquatic creatures, not the destruction of 
aquatic ecosystems. Considering aquaculture as 
substantially focused on caring for creation and the 
poor would lead us to harvest this food and also 
find ways to maintain the fruitfulness of oceanic 
and aquatic resources. What kind of aquaculture 
minimizes damage to ocean resources or even helps 
stressed fisheries recover? How can we avoid over-
exploitation or damage to the oceans and fisheries, 
and how can we enhance overall sustainability in 
aquaculture? A theology which addresses these mat-
ters from a biblical standpoint can help undergird a 
more truly sustainable aquaculture.

Parallels: Sustainability in Agriculture 
and Aquaculture
Steven Hall proposed a theology of sustainable agri-
culture in which he suggested that agriculture might 
include both culture on land (terraculture) and in the 
water (aquaculture).49 His main focus was on paral-
lels between the Bible, written across many centuries 
in nomadic and settled agrarian societies, and our 
current age, in which we have indeed been fruitful 
but are now reducing the abundance of other species. 
There are both secular organizations (e.g., FAO; UN 
Sustainable Development Organization; Sierra Club) 
and Christian organizations (e.g., A Rocha, ECHO, 
Au Sable Institute) which address some of these con-
cerns,50 but primarily those concerning land­based 
food and natural systems. As we consider aquacul-
ture, the fastest growing protein sector (fig. 3),51 and 
the growth of food, fiber, and other products in the 
water, some new theological observations as well 
as technological innovations are worth considering. 
Underlying each of these technologies are implica-
tions for economic, environmental, or social stability. 
At a theological level, considerations of stewardship 
of the environment, compassion toward workers 
and other creatures, and stewardship to provide for 
ongoing abundance both for humans and for other 
creatures, are central themes.

What unique contributions can scientists and theo-
logians offer that enhance our current approach to 
sustainability? In particular, definitions of sustain-
able development (e.g., of societies) include, at least 
partially, an ethical aspect—often normative.52 One 
ethical requirement is that such development must 
not impose an undue burden on future genera-
tions. In agriculture and aquaculture,53 the ability to 
maintain productivity, by both the producer and the 
region, is a parallel requirement. Sustainability also 
implies harvesting at a rate that allows the ecosystem 
to regenerate in a reasonable time period.54

As noted, Hall aimed at addressing practical and 
theological questions concerning sustainability of 
agriculture. He addressed ethics, the concept of 
stewardship, economics, communities, and inter-
generational equity and justice for the poor, and 
he concluded with suggestions on redeeming and 
restoring God’s creation and the practice of agri-
culture. He also cited a handful of references to 
aquaculture55 and the statement: “Aquaculturists 
need to consider how their production impacts the 
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water, native fish stocks, and other aspects of their 
environment,”56 acknowledging Dayton Roberts and 
Paul Pretiz’s Down to Earth Christianity, and Wes 
Jackson, Wendell Berry, and Bruce Colman’s Meeting 
the Expectations of the Land, which have theological 
and values aspects.57 

Hall included insights from both the “book of scrip-
ture” and the “book of nature” point of view and 
acknowledgment of long-standing theological tra-
ditions that address sustainability. Some of these, 
such as the concept of Sabbath for the land found in 
the book of Leviticus, are still relevant today, albeit 
in a somewhat changed physical and cultural envi-
ronment. Other perceptions are generally accepted 
tenets of theology with applications to sustainability, 
especially with the production of food. Finally, there 
are prophetic passages, both challenging (e.g., “those 
who destroy the earth shall be destroyed,” Rev. 11:18) 
and optimistic (“I saw a renewed Heaven and a renewed 
Earth … ,” Rev. 22:1) about the future. Christians are 
called to follow the Lord, to care for the least of these, 
and by extension, to care for both people and cre-

ation. In the case of aquaculture, this means focusing 
on specific ways we can steward and manage aquatic 
resources to provide food for growing populations 
while also providing for a prosperous creation and 
future generations. Some specific areas are critical to 
consider and should address theology and sustain-
ability in aquaculture.

One hope of this article is to suggest a path forward. 
This path should be universal in that the broad 
notions should be acceptable to all reasonable peo-
ple. It should also be of specific interest to Christians, 
and hopefully, it will encourage them to address 
enhanced methods to feed the world’s people, espe-
cially the poor (“whoever feeds the least of these feeds 
me,” Matt. 25:40). It should describe ways to be fruit-
ful while also allowing God’s good creation to do the 
same. A truly biblical vision should focus on restor-
ing or enhancing the abundance and productivity 
of the waters, not only from the point of beneficial 
human use but also from the point of natural bio­
diversity, ecosystem health, and general stewardship 
of natural aquatic systems.

Steven Hall et al.

Figure 3. Aquaculture has now passed beef as a source of protein worldwide and is approaching the production of poultry and pork (FAO). 
Fish are known to be fundamentally good converters of protein, in some cases producing nearly a pound of fish per pound of feed. The 
support of the water allows less energy to go to building a skeleton and more to biomass. Fish are also poikilotherms, so they do not expend 
energy maintaining body temperature in most cases. However, despite these efficiencies, concerns about water quality, food quality, natural 
fisheries, and outcomes on traditional fishing communities are each important to consider (data from UN FAO 2018).
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Aquaponics (see fig. 4) is a historic technology that 
has been modernized and effectively used, not just to 
survive, but to thrive.58 This technology has been the 
subject of much research in the past few decades and 
offers immense potential in terms of productivity, 
conservation, waste valorization, and resource use 
efficiency that can be influential in overall sustain-
ability. It combines the production of fish and plants 
in one system in which the plants, fish, and nitrifying 
bacteria develop a symbiotic relationship that creates 
a micro­ecosystem which makes it sustainable. The 
modularity of aquaponics allows its application or 
operation even in urban areas; such a system could 
bring it closer to the consuming population and 
eventually reduce carbon footprint.59 

Another biological concern focuses on the desire 
to raise carnivorous species from salmon to tuna, 
impling that we are feeding one species of fish to 
raise another, clearly not encouraging the recovery of 
stressed fisheries. Efforts toward feeding more plant­
based food to these fish, that is, raising herbivorous 
fish or even filter­feeding bivalves such as oysters 
and clams, could address this area. One little­known 

fact is that the top aquaculture product worldwide is 
seaweed or aquatic plants.60 The aquatic plant sector 
could expand, increasing the output of aquaculture 
while minimizing environmental damage, or, if care-
fully managed, it could be used to help clean water 
and restore ocean health.61 One practical and ethical 
challenge is that the value of seaweed is often lower 
than that of carnivorous fish, pushing producers to 
focus more on less­sustainable salmon and less on 
macroalgae, for example. Finding ways to enhance 
the value or to provide payments for the ecological 
value of removing nutrients might help encourage 
farmers to focus more on sustainable plant products.

Some of these techniques to reduce stress on the 
ocean focus on growing aquatic species low on the 
food chain, such as plants, algae, and filter feed-
ers—for example, shellfish that filter algae and other 
material in the water, all of which can enhance water 
quality, provide habitat, and still produce aquatic 
food. Improving our understanding of reef systems, 
microalgae, and macroalgae (seaweed) could help 
enhance productivity of the oceans while maintaining 
or perhaps restoring some species and ecosystems.62 
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Figure 4. Flow diagram of a recirculating aquaponics system with series of biofilter towers to optimize the nitrification of ammonia into nitrite 
and nitrate. The nitrified nutrient is readily used by plants and cleans up the water before returning to the fish tank. This design uses an airlift 
pump and submersible pump to recirculate the water. The airlift pump also helps to maintain the dissolved oxygen and disperse carbon 
dioxide. An aerator is provided at the bottom of the biofilter tower and acts as “mechanical digester” to extract nutrients from the effluent. 
The collected solids will then be drained out and can be used as fertilizer and soil enhancer for soil-grown crops.
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There is potential to responsibly use enhanced design 
techniques for shellfish culture systems to improve 
water quality and to grow food. However, respon-
sible management of technology has theological and 
ethical dimensions which extend beyond the purely 
biological. Specifically, automation and autonomous 
systems are technological sectors that are grow-
ing fast, with substantial  automation already used 
and more use of autonomous systems expected; the 
theological and praxis aspects of these technologies 
should be considered carefully.

Technology in Service to Sustainability 
The goal of any kind of innovation is to reduce 
current problems and avoid future ones. This is espe-
cially true for sustainable aquaculture. Unpiloted 
surface vehicles (USVs) are being used to collect 
water quality data to evaluate existing or potential 
aquaculture operation sites.63 Autonomous under-
water vehicles (AUVs) are traveling beneath the 
surface to inspect and manage net pens.64 Even unpi-
loted aerial vehicles (UAVs) have been made capable 
to estimate chlorophyll a concentrations to help 
monitor the health of a body of water.65 Open­ocean 
aquaculture is expensive in terms of labor and main-
tenance costs, and therefore many researchers and 
aquaculture businesses are moving in the direction 
of autonomy.66 This progression toward autonomy 
can have profound effects on the industry.

Autonomy in aquaculture has the ability to greatly 
reduce cost, man-hours, and risks to safety. Ingrid 
Bouwer Utne et al. claim that there is limited focus 
in research on health and safety in aquaculture.67 
There were over 1,400 injuries from 1988 to 2013, 
and approximately 33 fatalities from 1982 to 2013, in 
Norway alone.68 The Code of Ethics for Engineers, 
written by the National Society of Professional 
Engineers, states that “engineers shall hold para-
mount the safety, health, and welfare of the public.”69 
Sharkey makes the contention that “public and inter-
national discussion is vital in order to set policy 
guidelines for ethical and safe application before the 
guidelines set themselves.”70 

Many questions relate to purpose—of devices and of 
human beings. Human qualities include the fruits of 
the spirit (Gal. 5:22), which culminate in love. How 
can we create and guide automated and autonomous 
systems that encourage people in these fruitful and 

loving directions? Proponents of sustainable aqua-
culture by automation must consider how to address 
these problems on the future inclusion of autono-
mous vehicles and systems.

Food Safety and Added Value 
Keeping food safe to eat is critical to human health. 
Depuration is a processing method in which filter­
feeding organisms harboring contaminants are 
allowed to filter feed in a clean water source, thus 
allowing for the natural purging of contaminants 
from the organism.71 These systems can even be 
enhanced by manipulating key depuration param-
eters such as processing time, water temperature, 
water flow rate, and water salinity. For example, 
A. M. Larsen et al. found that high salinity was an 
effective component in reducing Vibrio parahaemo-
lyticus and Vibrio vulnificus in live oysters during 
depuration.72 Cooking seafood is always a suggested 
method of reducing food pathogens, but cooking 
often alters food product quality. Application of 
processing methods that do not change the notable 
characteristics of seafoods, but effectively eliminate 
human pathogens, is a problem that research is 
actively addressing.

Aquatic animals intended for food, including bottom 
dwellers and filter feeders in particular, are strongly 
affected by their environment. The long­term 
approach to food safety involves acknowledging 
and responsibly stewarding water resources. Among 
other steps implied by this approach is the willing-
ness to manage water quality, which implies societal 
responsibilities upstream. Specifically, proper treat-
ment of human and livestock wastewater is essential, 
and industries and individuals must act responsibly 
to reduce toxic effluents in surface waters. These 
waters hold consequences for us all, with down-
stream communities, both human and aquatic, 
experiencing more­pronounced effects.

Parallel to the concept of food safety is the idea of 
adding value to seafoods by various forms of healthy 
handling and processing. As consumers of seafood, 
it is imperative that we take on a greater responsibil-
ity in the stewardship of aquatic life. Currently, we 
see that aquaculture can provide an excellent alter-
native source of protein for humans. The majority of 
fish feed is turned into energy for the growing fish, 
so waste is minimal if systems are planned well. 
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Aquaculture also has the potential to relieve stresses 
on lands that have been over­tilled and depleted 
of nutrients. Seafood waste can contribute to fertil-
ity or serve other useful purposes. For example, 
recycled oyster shells may be one method of sus-
tainable carbon sequestration, while algae can be 
used for renewable biodiesel production.73 Similarly, 
hydroxyapatite, beneficial for medical bone recon-
struction, has been produced from components of 
fish bones.74 Current and future research continues to 
make use of aquatic systems and seafood and their 
subsequent waste.

Theological and ethical considerations regarding 
value­added seafood encompass both safety and 
quality, emphasizing high protein content, low fat, 
and desirable nutrition. Fundamentally, aquaculture 
should be a way to maintain good quality, as the 
feeds are often provided and controlled more than 
for wild fish. However, mislabeling can be unethi-
cal,75 and the health benefits of aquatic products can 
be reduced by processing that diminishes nutrition 
content or adds unhealthy calories (e.g., breading or 
frying). By recognizing the value of various aquatic 
organisms and the value of their various compo-
nents, not only can we more fully utilize but also 
appreciate and enjoy the bounty the Lord provides. 

We should understand, in modern times, that God 
wants us to enjoy his creation and celebrate his good-
ness by consuming aquatic animals and plants. For 
example, Jesus, before his ascension in Luke 24, ate 
a piece of broiled fish. He and the disciples often 
fished for food since seafood was a vital food source 
in ancient Jewish culture. Ultimately, we should be 
reminded that human consumption of seafood, along 
with responsible stewardship of the planet’s waters, 
aquatic life, and seafood byproducts, not only con-
tributes to the growth of the seafood and aquaculture 
industry, but it also allows us, as stewards, to par-
ticipate in a plan for humanity that traces back to the 
beginning (see Gen. 2:15, where A’dam is instructed 
to “protect and serve” creation).

Conclusions and Best Practices
Aquaculture is the fastest-growing protein sector. 
With a growing world population expected to add 
more than 2 billion people worldwide by 2050, it 
is critical and ethical that we produce healthy, effi-
cient food such as fish and aquatic plants. However, 

various technological, ecological, and social compli-
cations remain; a theology of sustainable aquaculture 
must address these as they emerge and are intro-
duced. Biblically, we are stewards with responsibility 
to care for God’s creation. We can enjoy seafood, 
whether wild caught or cultured, but should do so 
wisely, and in such a way that water quality and 
fisheries, as well as the communities tied to these 
resources, remain healthy or are restored to produc-
tivity and are preserved for future generations. 

Some practical conclusions are appropriate. Scientists, 
regulators, businesses, coastal communities, and con-
sumers—all can learn and act wisely.76 Regulators 
can consider long-term implications of development 
choices, infrastructure placement, and restoration/
conservation of aquatic resources. Businesses are 
encouraged to prioritize the production of valu-
able products (aquatic foods, fuels, and fibers are 
indeed valuable) in a sustainable way, as we have 
suggested. Coastal communities can consider fur-
ther development in light of scientific findings and 
wisely invest (or defer investment) in ways that can 
sustain and protect both human communities and 
the ecosystems they depend on. Consumers can be 
aware that aquatic products are generally healthy 
and efficient sources of protein, whether cultured or 
wild caught. They can choose more aquatic plants 
(e.g., seaweed and related products), filter feeders 
(e.g., mussels, oysters, clams), and finfish and shell-
fish that are herbivorous or omnivorous (e.g., tilapia, 
pangasius, herring, anchovies), and limit the amount 
of large carnivorous fish (e.g., tuna, salmon) that 
require more net resources and may also bioaccumu-
late undesired toxins (these are often marked with a 
warning to limit consumption). 

All of this is presented humbly, as consistent with 
current knowledge and subject to further investiga-
tion and interpretation, but we hope this encourages 
conversation about how to make aquaculture more 
sustainable by applying both scientific and theo-
logical insights. Theologically, we are still looking 
forward to a fully renewed earth that explicitly 
includes aquatic systems as referenced in Revelation: 

Then the angel showed me the river of the water of life, 
as clear as crystal, flowing from the throne of God and of 
the Lamb down the middle of the great street of the city. 
On each side of the river stood the tree of life, bearing 
twelve crops of fruit, yielding its fruit every month. And 
the leaves of the tree are for the healing of the nations. 
(Rev. 22:1–2)
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As children of God, we are called to steward his 
creation, including water ecosystems, humans, and 
other creatures. In short, aquaculture is expanding, 
and will continue to grow worldwide. We are called 

to manage the growth of aquaculture in a way that 
glorifies God and continues to provide a fruitful (and 
restored) planet with healthy aquatic ecosystems and 
creatures.

Steven Hall et al.
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