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In the beginning when God created the heavens and the earth and the Spirit of God
hovered over the waters, everything was aquaculture. God was creating out of a watery
chaos an ordered and good world. For six days God created before saying, “Let us create
A’dam in our image, male and female let us create them.” Ouver the course of history,
humans have been fruitful, but other creatures’ fruitfulness has been reduced by the
deeds of nearly 10 billion humans on the planet. Among problems are energy use,
reduction of habitat, loss of species, and the harmful results of producing food. In God’s
Good World —Reclaiming the Doctrine of Creation, Jonathan Wilson articulates
a “doctrine of creation” that invites Christians to consider what justice for all God’s
creation might entail, including all humans and other species. At this juncture, how
can we approach restoration of order and goodness? Genesis 2:15 tells us to shmar
and abad — protect and serve — creation. Jesus the great restorer charges us to care for
“the least of these” (Matt. 25:40): people with limited food, water, and housing. Wilson
would want us to add caring for the least of the newts, nutrients, and neutrons. In
this article, we explore aquaculture for food, including species such as alligators and
sturgeon; ecosystem restoration, including aquaponics coupling fish and plants; and reef
systems that host many species. We contend that wisely managed restoration can provide
for humans while also caring for creation, enhancing justice for this interconnected and
intricate creation that isn’t just good but is very good.

Keywords: aquaculture, conservation, creation care, ecology, ecofriendly, fruitful, hydroponics,
restoration, seafood, sustainability

quaculture is the culture of fish,
A crustaceans, aquatic plants, and

other aquatic organisms, typically
for direct or indirect use by humans, most
commonly as a component of food. Aqua-
culture is the fastest-growing protein sector
in the world, growing at 6% annually over
the last 50 years." It has the potential to sus-
tainably produce healthy, high-quality pro-
tein, efficiently providing food needed for
growing human populations. In this article,
we examine its potential to help individu-
als and cultures remain faithful to provide
for the most vulnerable among us while also

protecting and serving all of God’s good
creation (Gen. 2:15).

Agriculture and aquaculture have both
greatly benefited humanity by provid-
ing food; but both have also significantly
damaged the environment by destroying
habitats, depleting resources, and polluting
air and water. We believe that acting justly
with God’s help we can wisely practice
aquaculture and judiciously use technology
to bring about flourishing within all of cre-
ation. We will explore this theme as applied
to aquaculture, aquatic species, and habitat
conservation.?
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Fish have been a significant part of many human cul-
tures over millennia. Examples include the Aztec
“floating gardens” or chinampas which produced plants
and fish for a vibrant culture> Hawai'ian ioko i'a were
historically used to enhance fish availability.* These fish
enclosures held and grew fish, and likely also enhanced
nursery habitat for young fish. Chinese systems often
fertilized ponds with waste from land animals (e.g.,
chickens, pigs) and produced fish that grazed on the
resulting algae.®> Europeans and other cultures around
the world have produced fish in ponds that also served
as water reservoirs to enhance sustainability.* However,
aquaculture on the current scale is a recent phenome-
non, with a dramatic increase in production since 1960.
As of 2022, aquaculture now produces more seafood
than all the wild-caught fish from oceans, rivers, and
lakes in the world.”

Aquaculture exists, is growing quickly worldwide, and
has advantages of efficient conversion of feed into pro-
tein, but it is becoming a massive enterprise that poses
environmental threats, including waste nutrients, use
of water, fish feed costs, and energy.®! Worldwide we
now consume more aquaculture products than beef.’
The data suggest that this may be a good thing as fish
are approximately ten times more efficient than cows
at converting feed to protein; in addition, aquaculture
products may have better health benefits. However,
while many researchers are improving efficiency and
sustainability of aquaculture, more work is needed;
a strong ethical approach must be made to maintain
both production and sustainability. This is particularly
imperative in light of damage from aquaculture in some
locations. Specific long-held opposition to aquaculture
has been lessened recently in some areas due to the pos-
itive benefits of filter-feeding shellfish (e.g., oysters) and
aquatic plants/macroalgae.”

Other problems have not been well addressed, leading
to greater opposition when the scale of operations has
increased. One concern is that fish diseases and para-
sites from aquaculture may affect wild fish that come
close to culture areas where aquaculture occurs. For
example, parasitic sea lice may be passed from cultured
fish to wild fish causing a reduction in wild fish." Work
on aquacultural diseases and parasites has been active
in the last decade. Another point of dispute is aquacul-
ture that does not consider the ecosystem (often driven
largely by “perverse” economic incentives). In Asia,
South America, and elsewhere, coastal mangrove for-
ests were destroyed over large areas to make room for
shrimp aquaculture.’ The shrimp were largely exported
to wealthy countries, but the mangrove losses proved

Volume 77, Number 3, September 2025

painful not only from the loss to an ecosystem but also
from the loss of coastal protection. Studies have shown
that healthy mangrove forests can protect communities
from tsunamis and coastal storms, saving lives while
providing habitat for fish.”® In addition, the shrimp are
generally not used locally, so this cannot be argued to
be “providing protein to the poor.”

However, one strong driver of the growth of aquacul-
ture as well as agriculture is that the human population
is larger than it has ever been, and it would be inhu-
mane to allow people to starve.!* As our population
approaches 10 billion, we must care for all people. On
the other hand, if we affect our wild species too much,
we are damaging creation. Can we grow aquaculture in
a responsible way while feeding our growing world? In
order to address this question, we must look beyond sci-
ence to God'’s design for restoration of a fallen creation.

Athanasius, in the classic On the Incarnation, writes:"

We will begin, then, with the creation of the world
and with God its Maker, for the first fact you must
grasp is this: the renewal of creation has been
wrought by the Self-same Word who made it in the
beginning. There is thus no inconsistency between
creation and salvation ... for the One Father has em-
ployed the same Agent for both works, effecting the
salvation of the world through the same Word Who
made it at the first.

This observation from historic Christianity reminds
us that Christians have acknowledged restoration
of the world as a consistent part of Christian faith for
centuries.

In his book Systematic Theology, Robert Jenson suggests
that “the most obtrusive feature of the priestly creation
narrative is the drumbeat rhythm ... And God said,
‘Let there be ..., and there was ...””’ Just as the story’s
form has order, so too has the world the Lord creates. In
other words, space and time are ordered as God speaks
within the narrative and without. And what God speaks
into space-time is also good.

This goodness plays out over the days of the creation
narrative. God separates the light and the dark, the
space above and below, the waters and land, and then
fills the spaces with creatures that are good. At the end
of each day, the Lord declares that what has been made
and ordered is good. Most significant for our purpose
here is the word of blessing in Genesis 1.

And God said, “Let the waters swarm with swarms
of living creatures, and let birds fly above the earth
across the expanse of the heavens.” So God created
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the great sea creatures and every living creature that
moves, with which the waters swarm, according to
their kinds, and every winged bird according to
its kind. And God saw that it was good. And God
blessed them, saying, “Be fruitful and multiply and
fill the waters in the seas, and let birds multiply on
the earth.” (Gen. 1:21-22, ESV)

God makes, orders, and blesses the world with a future
of abundance. The creatures of the sea are indicated
here no less than three times.

Having made, filled, and blessed, the Lord continues to
make and order and bless. On the sixth day, humans
are made in God’s image and are also blessed. Here the
speaking turns to conversation as the man and woman
are given authority and are commanded to protect and
to serve.

How do we understand the right and just use of the
authority given to us in a world that is blessed and
at the same time broken by sin and filled with sin-
ners? Douglas John Hall in Imaging God: Dominion as
Stewardship suggests first that “image” is a verb: we
are to actively “image” God in all that we do in God’s
world. He goes on to make a Christological clarification:

Taking the Lordship of Jesus as an authentic model
for understanding our human relation to the natu-
ral order means that dominion is expressed not as
mastery but as service—sacrificial service of the
others with and for whom one is responsible. Thus,
the concept of dominion as stewardship eschews
any idea of ownership or superiority in relation to
nature, yet assumes a special accountability for its
welfare.”

This definition of dominion as stewardship makes sense
as we read the whole of the biblical story backwards
from Jesus to Genesis. It helps us see that we are made
and remade to use our capacity and communities for
the good of all creation through caregiving and service.
Stewardship that is faithful is not about getting and
grabbing, using and abusing, but it is humble service
within a world that God makes and orders and blesses.

This Christological clarification also allows us to con-
tinue to read the narrative and explore the theme of
stewardship and blessing through various biblical
covenants. For example, the Abrahamic covenant, in
Genesis 12:2-3, clarifies that God will bless Abraham,
make him a nation, and through him bless all the
nations. The primary point is obvious: God blesses his
creation and blesses his people not for special rights but
for a special service of blessing others.
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As we read the whole Bible in light of Jesus, how do
we think about this kind of service in relationship to
the complex systems of aquaculture? Jonathan Wilson
in God’s Good World: Reclaiming the Doctrine of Creation
makes the argument that the original creation was
“good,” even before the creation of humans “in God’s
image,” and that Jesus reflects this “earthy” kind of
goodness, coming to care for and restore humans and
creation.’®

From this starting point Wilson considers a range of
“earthy” topics including sexuality, technology, food,
water, and creation care. Throughout the book, Wilson
tries to clarify a driving “why.” As noted earlier, Wilson
puts forward a robust notion of justice or right relation-
ship that could drive a humble servant-like attempt to
steward God’s good world for the good of others. The
main point is that we have been created and blessed
and given the authority for this kind of good work that
cares for the least and the lost as well as the lichen and
the lionfish.

If we hear all of this and pause, we might find a way
forward as we listen to one of Jesus’s most famous par-
ables. In Luke 10, Jesus tells the story of the unlikely
enemy who turns into a hero. He images Jesus by stop-
ping, caring, mending, and restoring the body of his
neighbor. In and through this good work, the Samaritan
restores the one who has been used and abused by the
power of those who came before!

When we stop, care, mend, and restore, we are using
our God-imaged capacity in the way of Jesus, moving
a broken creation toward “shalom,” a kind of Godly
peace, marked by harmony that overflows with bless-
ing. In musical harmony, more than one note is sung at
the same time. Each singer must listen to the other, but
sing their own part in a way that complements, adds to,
and makes more beautiful the notes of others. In what
follows, we want to sing a few scientific songs because
we believe that they carry the melody and harmony of
restoration, stewardship, and creation care. They are
hopeful stories, which we can tell with humility: they
sound a lot like God’s original aquaculture story.

Practical Aquaculture Applications:
Culture and Restoration

Alligator Culture and Restoration: A Success
Story

The first is the story of the alligator, a native North

American reptile that was once a dominant predator in
swamps and coastal areas of the southeastern US and
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Mexico. Over several centuries, these populations were
decimated by hunting, habitat loss, and human activi-
ties such as shipping and industrial pollution. In 1967,
alligators were declared an endangered species under
a law that preceded the Endangered Species Act (ESA).

In this period, a group of visionary researchers con-
ceived the concept of trying to restore this species while
also growing them as an aquacultured species. Several
decades of scientific studies and discussion of conser-
vation and aquaculture rules led to a decision in the
1970s that allowed the collection of eggs and culture
of the resulting juveniles in aquaculture facilities. The
agreement was that this would be supervised by repre-
sentatives of both conservation and agriculture agencies
overseeing harvest, culture, and eventual release of a
percentage of resulting animals to the wild. During the
early part of this period, for every 100 eggs collected,
fifteen animals would be released at 1-meter length; at
this size, survival is very high."

Over the following decades, populations of wild ani-
mals rebounded, and the commercial alligator culture
industry, now valued at over $77 million annually, was
developed.” Both the ecosystem and the regulations
have changed as restoration has proceeded. In short,
these animals are no longer endangered.” The culture
industry has been an economic success, and the sec-
ondary effects of the wild alligators have been felt in
the ecosystem. As in other areas where predators have
been re-introduced, vegetation has flourished as excess
herbivores have been reduced. In Louisiana, alligators
prey upon the invasive nutria, Myocastor coypus, intro-
duced 100 years ago from South America. This invasive
species has been reduced, and marsh plant health has
improved, providing better stability for the marshes

sl

and some additional protection to humans as these
marshes can reduce wave and storm energy better, even
enhancing carbon sequestration, as the plants recover.?
Shalom, harmony, and balance have been restored, with
unexpected blessings as a part of the results.

Sturgeon Conservation, Culture, and
Restoration

Another candidate species for culture and conservation
is the Atlantic sturgeon Acipenser oxyrinchus. Sturgeon
are ancient and unique creatures with diamond-
shaped scales or scutes that armor and protect the fish.
This species was once widespread but now almost all
sturgeon species are either endangered or effectively
extinct.® Perhaps a set of well-designed experiments
could provide improved insights to allow one or more
native sturgeon species to be restored while valuable
aquaculture products are produced. Could we protect
and serve —shmar and abad — the species while restoring
a spirit of shalom in the Atlantic coastal ecosystems?

To explore what might be required for this we con-
sider culture of two sturgeon species that are currently
heavily cultured for caviar, Acipenser baerii (31%) and
A. gueldenstaedtii (20.4%).** Author Hall has worked
with A. gueldenstaedtii in North Carolina (it is native to
Eurasia). This is a fish highly valued for caviar. Could a
native North American species (e.g., Atlantic sturgeon
A. oxyrinchus or shortnose sturgeon A. brevirostrum) be
cultured for caviar? Could the financial incentives be
coupled with an agreed-upon release scheme? Ideally,
this would take place in concert with habitat restora-
tion. Multiple agencies as well as research personnel
would be needed. Agricultural, aquacultural, environ-
mental, and water management agencies; universities;
and research institutes as well as industry participants,

Ao o

Figure 1. Alligator mississippiensis thrives in wetland ecosystems and, as an apex predator, contributes to overall wetland health. They
are also cultured for their valuable hides and meat. (Photo: Steven Hall, 2025)
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farmers, and community members could be involved. A
similar set of partnerships helped move alligators from
endangered to thriving over previous decades, and
such partnerships could help restore sturgeon while
enhancing related aquaculture production.

The effort would necessarily be multi-decade. It would
require a longer-term source of funding (possibly a
long-term public-private partnership), but with the
hope that eventually most costs would be borne by the
industry which could also grow with a “local, sustain-
able caviar” option. To do this, we need both habitat
and fish, and we must address a range of challenges.
There are also concerns about the survival of small
sturgeon when released.” This suggests that we should
grow fish to a somewhat larger size in “safe” captivity,
and then transition them to the wild when their survival
is higher—following methods similar to the current
rules on alligators (e.g., release a known percentage at
1-meter length).

A series of studies is needed to address these factors:

1. habitat restoration—ideally in areas optimal for
sturgeon thriving so that when released, fish have
an acceptable chance of survival and fruitfulness;

2. improved understanding of breeding and early life
stage —to enhance health and genetics for release;

3. legal aspects—local and global laws (e.g., US
Endangered Species Act, International CITES
agreement) may properly constrain transport of
fish but may also limit current restoration efforts;*
and

4. time—since sturgeon are slow growing, these
efforts must be planned over decades to allow time
for both culture and development of wild popula-
tions.

Each of these aspects encompasses potential theologi-
cal and ethical considerations; each requires effort and
resource input.

With all these challenges, it is tempting to ask, “Is this
really the calling of Christians?” We suggest that this
very much is a Christian calling. We are called to love
and care for “the least of these.” This includes people
and creatures, especially those with no ability to speak
for themselves. We see this as an example of servant
leadership as the body of Christ carries out this work.
There might also be unexpected blessings that the stur-
geon provide that we do not yet realize, but our calling
is to care for them; to protect and serve them; to con-
serve, preserve, and ultimately restore them and their
habitat while also providing for humans.
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Jesus, in his teaching and life, “raised the bar,” calling
us to serve sacrificially. Over many centuries, the body
of Christ, the church, despite many imperfections, has
influenced the world. Jiirgen Habermas, who described
himself as a “methodological atheist,” acknowledged in
his book with Pope Benedict: “The direct legacy of the
Judaic ethic of justice and the Christian ethic of love is
universalistic egalitarianism, from which sprang the ...
ideals of freedom, human rights and democracy.”?
Even those who are not Christians themselves may be
favorably affected by the service and protection of the
body of Christ.

Restoring single species can enhance overall ecology
as seen in the case of alligator culture and restoration.
Ecosystem restoration is important to enhance efforts
to restore sturgeon populations. Ecosystems must be
reasonably healthy to allow for fruitfulness of the spe-
cies we seek to restore. Two areas in which an aquatic
restoration approach may help restore entire ecosys-
tems include aquaponics and reef restoration. We will
explore these next.

Marine Aquaponics as a Path for

Restoration and Abundance

Aquaponics focuses on culture of aquatic species (fish,
shellfish) with plants and good bacteria, using nutrients
from the fish to fertilize the plants and letting the plants
and other species filter the water for the fish. Marine
aquaponics may use brackish or salty water —both plen-
tiful at coasts around the world —and may be a partial
solution to environmental and food security challenges.
Rooted in principles of ecosystem sustainability and
balance, marine aquaponics aligns with the biblical con-
cepts of stewardship and restoration. Ezekiel 47:9 and
Deuteronomy 28:12, 23-24 provide a theological and
ethical framework for understanding the role of aqua-
ponics in restoring aquatic ecosystems and ensuring
fruitfulness for all. By integrating advanced technolo-
gies with divine principles of care for creation, marine
aquaponics emerge as one pathway to sustainable
development and ecological balance.

Restoring aquatic ecosystems has become a critical
global challenge in the face of overfishing, pollution,
and climate change. Aquaponics offers an innovative
approach to addressing these challenges by integrat-
ing aquaculture with hydroponics (growing plants in
watery nutrient solutions) in order to create closed-loop
systems that simulate natural ecosystems. As Ezekiel
47:9 (NIV) says, “Swarms of living creatures will live
wherever the river flows. There will be large numbers
of fish because this water flows there and makes the salt
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water fresh; so where the river flows everything will
live.” This text highlights the role of water, where life
thrives in the presence of flowing water. The picture
echoes the sentiment that the goal of marine aquaponics
is to rejuvenate the aquatic ecosystem and enhance bio-
diversity by ensuring that the water flowing out of the
production system is clean and functional. Biblical stew-
ardship focuses on key scriptural passages highlighting
humanity’s responsibility to care for creation and the
consequences of neglect. The healing of ecosystems is
like the river in Ezekiel’s vision, which transforms salt
water into fresh water, literally and figuratively. Marine
aquaponics systems promote rehabilitation of aquatic
environments by cycling nutrients and maintaining
water quality, and by emulating natural processes that
sustain life and create fruitfulness.”

Marine aquaponics brings Ezekiel’s vision to life:
“swarms of living creatures will live wherever the
river flows” when fish waste nourishes the plants, and
plants filter water, ensuring sustainability and produc-
tivity while nitrifying bacteria convert the toxic wastes
(ammonia, NH,) into a usable form (nitrate, NO,-) for
plants as nutrients.”” Abundance is the original design

of God for humans to manage and enjoy alongside
stewardship and obedience. Deuteronomy 28:12 says,
“The Lord will open the heavens, the storehouse of
his bounty, to send rain on your land in season and to
bless all the work of your hands. You will lend to many
nations but will borrow from none.”

In contrast, negligence and disobedience result in scar-
city and destruction. Deuteronomy 28:23-24 states,
“The sky over your head will be bronze, the ground
beneath you iron. The Lord will turn the rain of your
country into dust and powder; it will come down from
the skies until you are destroyed.” This covenant frame-
work was first heard in ancient times but also relates
to environmental degradation in modern times. We
were made not to destroy creation but to protect and
serve. Ezekiel reflects God’s intention for creation to
be fruitful and grow in abundance. Aquaponics cre-
ates a micro-ecosystem that can allow us to understand
interactions between creatures; it may also be a tool
for restoring larger ecosystems. Aquaponics embodies
a divine purpose, similar to the vision of Ezekiel, by
fostering life and addressing food security challenges.
While the “bronze sky” and “iron ground” reflect
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Figure 2. Schematic diagram of a marine aquaponics system, integrating fish farming (aquaculture) and hydroponic plant cultivation within
a recirculating setup. The water circulation in the aquaponics system signifies circular blessings and ecosystem reciprocity as modeled in
Deuteronomy (giving, receiving, and sharing). Nutrients cycle efficiently, benefiting both fish and plants, while humans reap the rewards and
the environment gains through reduced pollution, improved water quality, and enhanced ecosystem balance.
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the environmental consequences of exploitation and
neglect, aquaponics offers a pathway to restoration by
mitigating the effects of overfishing, nutrient runoff,
and habitat destruction.®

Figure 2 is a schematic diagram for a sustainable ecosys-
tem in marine aquaponics. By integrating aquaculture
with salt-tolerant plant cultivation, this system seeks
to emulate natural ecosystem processes to achieve effi-
cient nutrient recycling, reduced environmental impact,
and enhanced productivity.® Just as Deuteronomy
speaks of rain as a blessing that ensures productivity, a
marine aquaponics system relies on thoughtful design
to emulate natural ecosystems. Obedience to principles
of God’s design ensures the system’s productivity,
turning limited resources into abundant outputs (fish,
plants, and clean water).*” The system reflects a harmo-
nious balance, parallel to how obedience to God brings
blessings. The principle of blessings for diligent labor
aligns with the care and innovation required to main-
tain marine aquaponics systems. Proper management
of nutrients, salinity, and biodiversity mirrors the faith-
fulness expected in the stewardship of God’s creation.
This concept ensures that all elements traditionally con-

Figure 3. A laboratory scale marine aquaponics with hybrid striped
bass and salicornia which can be utilized in urban areas. The
hybrid striped bass (Morone saxatilis) is a key species along the
Atlantic coast experiencing significant population fluctuations due
to overfishing, habitat loss, and environmental changes. Breeding
being done at North Carolina State University by Dr. Benjamin
Reading and colleagues uses techniques such as “mixed garden”
breeding to maintain healthy genetic diversity.
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sidered “waste” within the system are valorized and
repurposed, serving as fertilizers for plant growth or as
CO, to support plant assimilation, maximizing resource
efficiency and sustainability.®

Easing Pressure on the Ocean Through
Urban Aquaponics

While aquaponics may produce plants or fish that
can be used to restore aquatic and coastal ecosystems
directly, numerous small-scale urban aquaponics sys-
tems can significantly reprieve ocean ecosystems by
reducing the demand for wild-caught fish and mitigat-
ing nutrient runoff that damages marine environments.
These systems alleviate pressure on aquatic resources
and create opportunities for species restoration. Marine
aquaponics systems, in particular, offer a promising
avenue for conserving species nearing extinction. These
systems may be capable of producing larvae and finger-
lings or coastal plants for use in restoration efforts. This
innovative integration of conservation and sustainable
aquaculture holds immense potential for protecting
marine life while addressing global food security chal-
lenges. Figure 3 shows a closed-loop recirculating
marine aquaponics prototype with hybrid striped bass
and salicornia (Salicornia bigelovii) grown in a controlled
environment. Salicornia is a halophytic plant that can
contribute to sustainable agriculture in saline environ-
ments. It has many uses, including food, biomass fuel,
pharmaceuticals, cosmetics, and ecological restoration,
making it a valuable resource for addressing global
challenges.* Salicornia is an effective root nitrifier and
nutrient absorbent (fig. 4), preventing excess nutrients
from being released into the environment.

Figure 4. The root nitrification of salicornia plays a critical role in
marine aquaponics by absorbing excess nutrients from fish waste,
effectively preventing water pollution and mitigating environmental
damage.
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By integrating fish cultivation with hydroponic plant
production in urban settings, recycling resources are
optimized while minimizing environmental damage.*
This approach supports local food production and less-
ens reliance on overfished marine species, contributing
to the recovery of wild fish populations. Furthermore,
urban aquaponics eliminates the need for artificial fer-
tilizers, reducing the risk of nutrient runoff that can lead
to eutrophication and harmful algal blooms in coastal
waters.”” By fostering sustainable food systems within
cities, urban aquaponics represents a practical and scal-
able method for protecting marine biodiversity while
addressing the growing demand for food in urbanized
areas. Restoration via aquaponics can produce both
food and other products, and it can also help people see
the ecosystem restored to fruitfulness. Another set of
technologies that directly affects ecosystems is ecologi-
cally friendly artificial reefs.

Habitat and Species Restoration via
Ecofriendly Reef Systems

As mentioned in previous sections, both species and
habitats must be restored together. If we release young
fish into a compromised ecosystem they are likely to
die. So, finding ways to restore ecosystems is critical.

T R ———— T L

Ironically, many of our efforts to “protect” ourselves
and other species at the coast result in “hard” infra-
structure such as seawalls and jetties. These are not
biofriendly and also tend to destroy or limit natu-
ral coastal habitat that is critical for young fish. One
approach is to provide various forms of artificial habitat
or biofriendly coastal reefs. One specific example is pro-
duced via a unique biofriendly 3-D printing technique
by a company called Natrx.*® These artificial habitats,
along with others made by similar technologies, are then
embedded in coastal areas to grow natural organisms,
providing protection for breeding and early life stages.

Over time, these reefs transition from artificial eco-
friendly concrete or rock structures to growing various
encrusting organisms (oysters, barnacles, algae, plants)
which allow them to eventually become natural parts
of the coastal environment (fig. 5). They provide refuge
for young fish; food for crustaceans, algae, and shellfish
to clean the water; and protection to adjacent coastal
plants. They are semipervious to water, with various
openings provided for small creatures to grow on or
move through, providing protective habitat, broodstock
grounds, and hunting grounds for a variety of species.

Figure 6 shows what can happen in a single year. The
original structures (left) have been colonized by oysters,
algae, plants, and other creatures (center), providing
additional habitat for fish and other aquatic creatures,
as well as protecting vulnerable coastal habitat (right),
allowing native species to recover and further enhance
the ecosystem. This is a different form of aquaculture —
we are culturing aquatic organisms and, while some
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Figure 5. East River Project Photos. (Left) installation on tidal mudflats 2022 and (Right) growth and protection of shoreline 2024.

(Courtesy of Natrx Inc.)
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of these might be harvested for food (e.g., oysters),
depending on the situation, they might be left to pro-
vide additional services, including biological and
ecological benefits for other parts of the coastal system.

It should be noted that these specific techniques are
most appropriate in certain habitat—for example,
where encrusting organisms such as oysters are likely
to grow at appropriate salinity, temperature, and other
relevant conditions. As a result, sites must be consid-
ered carefully and relevant techniques applied based
on local environmental conditions. Nevertheless, these
appear to hold promise of protecting coastal habitat
that may be threatened by larger coastal storms, while
minimizing cost and providing additional benefits for
local species. Many of these types of emplacements
have been made in the US and around the world and
more are planned. These are one more way that a form
of aquaculture can assist in restoring God’s creation.

We have explored ways that aquaculture, done well
and creatively, can encourage restoration of various
species and ecosystems. This is a somewhat idealistic
view, but it is critical to consider that “we are God’s
handiwork, created in Christ Jesus to do good works
God has prepared for us to do ...” (Eph. 2:10). We have
covered a number of specific practical areas in which
this is already happening or could happen in the near
future. These may allow us to consider other areas of
aquaculture, agriculture, and human culture more
broadly in which Christians, in particular, can consider
restoration and reconciliation as part of our callings,
fulfilling our roles to protect and serve God’s creation,
providing food and materials for people while restoring
God’s creation.

Conclusions and Future Work

In conclusion, we are called to join the Lord in restor-
ing his good creation, blessing other humans and other
species, and carrying out his calling to shmar and abad
(Gen. 2:15) creation. As we do this with these and
other aquaculture approaches, we find food produc-
tion may be linked to habitat and much else, and even
to our Creator and Restorer. Revelation 21 speaks of a
“renewed heaven and earth ...” Theologically, there are
a variety of interpretations, but the context of “renewal”
is clear. In the next chapter (Rev. 22), an angel shows the
author “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). Here we have a depiction of renewal, fruitfulness,
and healing including humans, God, water, and living
creatures.

Future work should also address challenges unique
to our time and culture. The “how” of this work is
important. Yes, we should produce aquatic food for
all. Yes, we should care for and restore God’s creation
to allow for fruitfulness for all. Yet the way we do this
work matters too. Science and technology can be excel-
lent tools to carry out our callings, or can be ways to
distance ourselves from caring for the least of these.
Ethical approaches to technology are critically impor-
tant.®* Previous work has explored these themes and
further work is needed as technology, robotics, and
artificial intelligence advance. In some areas of aqua-
culture, robotic boat systems have been developed
using autonomous surface vehicles (ASV) designed to

(courtesy Natrx Inc.)
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reduce bird predation on open-air aquaculture ponds;
in addition, there are fleets of these aquatic robots that
provide mobile sensor platforms and potentially mobile
actuators.** Wise use of these and other forms of tech-
nology in aquaculture can help find ways to provide for
humans, enhance human decision making, and provide
high-protein foods while restoring healthy ecosystems.
One possible approach would be to use some of these
types of systems to observe and manage sturgeon and
habitat conditions during restoration efforts.

Another modern reality: economics drives much;
wealth may be the greatest idol of our time, but true
values are real and important. Considering values (not
only dollars but also environmental flourishing, human
health, and other positive values) and, where possible,
adding value, is important and may guide aquacul-
ture practitioners and consumers to consider how to
make wise decisions related to fish and aquatic prod-
ucts. Value-added seafood encompasses aquatic prod-
ucts that have been enhanced to improve food safety,
provide convenience, increase quality, offer good taste
and affordability.*! Furthermore, value-added seafood
drives sustainability by emphasizing reduced environ-
mental damage, instituting best industrial practices,
and promoting initiatives such as fisher-to-consumer
marketing and product traceability.*? Several programs
and organizations (e.g., the Food and Agriculture
Organization of the United Nations and the Marine
Stewardship Council) encourage companies to cur-
tail their environmental impact through implementa-
tion of industry certifications and standards such as
Best Aquaculture Practices.*® Consumers can check for
these certifications, encouraging the seafood industry to
improve long-term sustainability and restoration efforts
worldwide. Buyers can also buy local seafood and ask
how it was caught or produced.

There are many challenges that must be addressed in
aquaculture as in our other endeavors. Developing cul-
ture techniques that minimize disease and pollution
are critical. It is imperative that we find ways to restore
aquatic ecosystems while providing food, if we are to
avoid either hunger or destruction of God’s creation.
Ultimately, we are called to serve in our times and
places by restoring and sharing shalom with humans
and other creatures. Justice and mercy are both impor-
tant; food for humans and care for God’s creation are
each necessary. We propose responding to God’s call-
ing on our lives, as Christ’s body, made in the image of
God, to care for God’s creation, with this focus on God’s
aquatic creation, to restore it in our location, in our local
way, in faithfulness to his grace in our lives.
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