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Cold-Water Aquaponics: An Exploration into Viability

Introduction to Aquaponics

Aquaponics is an innovative and sustainable food production system that combines two
established practices: aquaculture, the cultivation of fish, and hydroponics, the method of
growing plants without soil. This system creates a highly efficient and symbiotic environment
where fish and plants rely on each other for mutual benefit. In an aquaponic setup, fish are
raised in tanks, where they produce waste that is rich in nutrients like ammonia. These
nutrients, in turn, serve as fertilizer for the plants, which are typically grown in a soilless medium
such as gravel or hydroponic growing trays. As the plants take up these nutrients for growth,
they simultaneously filter and purify the water, removing harmful compounds like nitrates and
excess phosphorus. The purified water is then returned to the fish tanks, creating a closed-loop
system that minimizes water usage and waste, making aquaponics a highly sustainable and
resource-efficient method of food production. The goal is to create a balanced and
self-sustaining ecosystem where both the fish and plants thrive, relying on each other to
maintain a healthy, productive environment.

Today, aquaponics presents a promising climate-resilient solution for sustainable food
production, especially in regions grappling with environmental stressors like water scarcity and
climate change. By integrating aquaculture and hydroponics, aquaponic systems offer a unique
method that optimizes resource efficiency while providing a steady food supply. The system
uses significantly less water compared to traditional soil-based agriculture because it operates
on a closed loop, where water circulates continuously through both the fish tanks and plant
growing areas, with minimal evaporation or runoff. This water recirculation dramatically reduces
the overall water consumption, making aquaponics particularly valuable in areas where water is
limited or expensive. Furthermore, aquaponics is not only water-efficient but also reduces the
need for chemical fertilizers and pesticides, as the nutrient-rich water from the fish naturally
feeds the plants, promoting organic growth. This method of farming can be adapted to urban



environments, arid regions, and other areas where conventional farming practices may be
unsustainable or impractical, offering a scalable solution to meet the growing global demand for
food while mitigating the impact of climate change.

The principles of aquaponics are deeply rooted in historical agricultural practices that
demonstrate the long-standing potential of integrated farming systems. In Asia, for centuries,
traditional rice paddies have functioned as dual-purpose systems, simultaneously cultivating rice
and raising fish such as carp or tilapia. These ancient systems rely on the natural synergy
between plants and aquatic life. The rice plants provide essential shade and habitat for the fish,
creating a microenvironment that supports both species. In turn, the fish contribute to the
nutrient cycle by releasing waste into the water, which fertilizes the rice plants. This exchange of
nutrients not only enhances the productivity of the system but also promotes ecological balance.
The fish help manage pests and weeds, creating a more sustainable agricultural practice. These
rice-fish systems exemplify an early form of integrated agriculture, illustrating the benefits of
combining aquatic and terrestrial farming for a more resilient and efficient food production
method.

A similar approach can be seen in the Chinampas, or "floating gardens," developed by the
Aztecs. These man-made islands, constructed from layers of mud, vegetation, and organic
material, were designed to create fertile plots for growing crops in the middle of lakes and
canals. The surrounding canals played a critical role in irrigation, while also supporting
aquaculture. Fish and other aquatic species living in the canals contributed nutrients to the
water, enriching the soil and enhancing crop yields. This system was highly productive and
sustainable, supporting large urban populations within the Aztec empire by fostering a dynamic
and interconnected ecosystem. The Chinampas represented an early example of utilizing water
resources for both irrigation and aquaculture, demonstrating the power of integrated agricultural
systems to maximize land and resource use.

Both the rice-fish systems of Asia and the Chinampas of the Aztecs underscore the enduring
value of combining plant and aquatic life in agricultural practices. These methods highlight how
ecosystems can be designed to be mutually beneficial, creating sustainable and resilient food
production systems. Modern aquaponics draws heavily from these traditional practices, using
advanced technology and innovative design to create closed-loop ecosystems that are scalable
and adaptable to diverse climates and environments. By integrating fish and plant cultivation,
aquaponics offers a solution that conserves water, reduces waste, and minimizes the need for
external inputs like synthetic fertilizers and pesticides. As aquaponics expands to a variety of
climates, including temperate and cold regions, it holds the potential to address critical global
challenges such as food security, resource conservation, and climate change adaptation. By
adapting these age-old practices with modern science, aquaponics has the potential to play a
central role in the sustainable food systems of the future.



Description of the Aquaponics System

The aquaponics system used for this research is housed in a greenhouse measuring 30 by 96
feet, with a total water capacity of 1,500 gallons circulating through the system. The system
integrates both plant cultivation and fish rearing, operating as a closed-loop design.

Grow Beds and Rafts
The system features five grow beds:\n\n1. Single-Row Grow Beds:

e Two grow beds with single tray-width rows.\n - Each bed contains 36 rafts.\n - Each raft
holds 55 plant pots, designed for efficient lettuce cultivation.\n\n2. Double-Row Grow
Beds:

e Three grow beds with double tray-width rows.\n - Each bed contains 72 rafts.\n - Each
raft also holds 55 plant pots, increasing total planting capacity.\n\nThe troughs that hold
the rafts have a depth of 8 inches, maintaining sufficient water volume to support plant
growth.

Water Circulation and Aeration

Water circulates continuously through the grow beds before returning to a fish rearing tank
located in a separate building. The rearing tank, which contains over 80 pounds of fish, serves
as the nutrient source for the plants.

e Rearing Tank Specifications:
o Depth: 42 inches, with 36 inches of water maintained.\n - Water Volume: 1,500
gallons in circulation.\n\n- Aeration System:
o An air pump provides aeration, operating at 1.8 cubic feet per minute (CFM) at 40
inches of water pressure.\n\nThis ensures adequate oxygen levels for both fish
and plant roots, a critical component of the system's efficiency.

Planting Depth and Growing Medium Management in Cold-Water Aquaponics

One of the critical aspects of success in aquaponics systems is the proper planting depth of the
growing medium within the growing cups. While aquaponics traditionally relies on soilless
methods, meaning systems that do not use traditional soil or dirt, the inclusion of a sterile mix of
coconut coir and vermiculite, referred to here as the growing medium, can enhance cold-water
systems by providing stability for plants and an additional medium for nutrient exchange.

The Role of the Growing Medium in Aquaponics

The use of a growing medium in aquaponic grow cups is a fundamental part of the system and
serves several purposes. This medium acts as a buffer, retaining moisture and nutrients
between watering cycles, and helps anchor seedlings or transplants within the grow cups. For
cold-water aquaponics, where water temperatures can drop as low as 34°F, the medium can
provide insulation for plant roots, shielding them from temperature fluctuations in the water



column. Additionally, the medium supports the growth of beneficial microbes that play a role in
nutrient cycling, particularly in the colder months when system activity may naturally slow.

Grow Cup Specifications

The system uses 2-inch Garden Economy Net Pots, which are specifically designed for
hydroponic, aquaponic, or aeroponic applications. These cups have the following dimensions:

Height: 2 inches (51 mm)

Diameter Above the Lip: 2.1 inches (54 mm)

Diameter Below the Lip: 2 inches (50 mm)

Bottom Diameter: 1.6 inches (41 mm)

Weight: 3.7 grams per cup These cups fit perfectly into 2-inch holes in the floating rafts,

making them ideal for the system's design while ensuring consistent plant support and
water flow.

Optimal Planting Depth

The depth of the growing medium in the cups is a critical factor in determining plant health and
productivity. Through experimentation and observation, the following guidelines have been
developed for optimal planting depth:

1. Typical Practices vs. Adaptations:

O

Traditional aquaponic systems recommend filling grow cups to 25% of their
capacity with medium. However, in my system, | fill the cups to the top to
maximize root protection and provide additional insulation from the water column.
This adjustment reduces plant loss, particularly during winter, by minimizing
dampening-off issues.

The additional medium allows for greater root growth, enhancing plant stability
and nutrient access, but it does come with increased material costs.

2. Medium Layer Thickness:

o

For shallow-rooted plants like lettuce, spinach, and basil, a medium depth of 1.5
to 2 inches in the grow cups is sufficient. This provides enough stability for root
anchoring while maintaining efficient water flow through the system.

For larger, deeper-rooted plants, such as kale or chard, a depth of 2.5 to 3 inches
is recommended to accommodate more extensive root systems.

3. Root Zone Considerations:

o

The planting depth should allow the roots to penetrate through the medium and
access the nutrient-rich aquaponic water below. This ensures a balance between
nutrient uptake from the water and stability provided by the medium.

Roots should not become compacted in the medium layer, as this can reduce
aeration and inhibit plant growth. Using a properly mixed, loose medium helps
prevent compaction.

Medium Composition and Preparation



The type of growing medium used in the grow cups significantly impacts planting depth and
plant health. For cold-water aquaponics systems, the medium mix should meet the following
criteria:

e Lightweight and Porous: A sterile blend of coconut coir and vermiculite provides a
balance of moisture retention and aeration.

e Sterile: Using a sterile medium reduces the risk of introducing pathogens or
contaminants into the aquaponic system.

e Consistent Composition: The medium should be pre-measured and thoroughly mixed to
ensure even nutrient and water distribution.

During experimentation, we found that fine vermiculite causes the medium to retain excessive
water, leading to waterlogging. To address this issue, a coarser grade of vermiculite is used to
maintain proper moisture levels and prevent root damage.

Challenges and Mitigation Strategies

1. Compaction: Compaction of the medium can reduce water flow and aeration around
plant roots. To mitigate this, use a loose, well-mixed medium and avoid overfilling the
grow cups.

2. Nutrient Imbalance: Introducing too much medium can lead to nutrient leaching or an
imbalance in the aquaponic system. Measure medium volume carefully, ensuring it
occupies no more than 25-30% of the grow cup volume in traditional systems, or account
for the increased volume in systems filled to the top.

3. Root Rot: In colder water systems, overwatering or poor drainage can cause root rot.
Monitor the moisture level of the medium regularly, ensuring it remains damp but not
waterlogged.

Conclusion

Proper planting depth and growing medium management in aquaponic grow cups are essential
for optimizing plant growth and system efficiency. By maintaining the right medium depth and
composition, whether adhering to traditional practices or adapting by increasing the medium
volume, cold-water aquaponics systems can support robust plant health even in challenging
environmental conditions. Future work will explore how variations in planting depth impact
different plant varieties and the overall resilience of the aquaponic system.

Integration and Sustainability

The integrated design of the aquaponics system optimizes resource use, with fish waste
providing nutrients for plant growth, while plants help filter the water before it is recirculated
back to the rearing tank. This symbiotic relationship reduces water waste and eliminates the
need for chemical fertilizers, aligning with sustainable agricultural practices.



At the heart of an aquaponic system is the nitrogen cycle, a crucial biochemical process that
ensures the balance and sustainability of the ecosystem. This cycle is facilitated by beneficial
bacteria that play a pivotal role in transforming fish waste into nutrients that plants can use,
while simultaneously keeping the water safe for the fish. In an aquaponic setup, fish excrete
ammonia, a waste product of their metabolic processes, that accumulates in the water.
Ammonia, in high concentrations, is toxic to the fish and must be converted into less harmful
substances to maintain a healthy environment.

The transformation of ammonia into plant-usable nutrients occurs in two stages, each mediated
by different types of bacteria: Nitrosomonas and Nitrobacter.

1. Nitrosomonas Bacteria: The process begins when the ammonia is first converted into nitrite
by Nitrosomonas bacteria. Ammonia is a highly toxic compound, so its conversion to nitrite is a
critical step. While nitrite is less toxic than ammonia, it is still harmful to fish if it builds up in the
water. The Nitrosomonas bacteria thrive in the oxygen-rich environment of the aquaponic
system, where they oxidize ammonia, breaking it down into nitrite.

2. Nitrobacter Bacteria: Next, Nitrobacter bacteria come into play. They convert the nitrites into
nitrates through a process called nitrification. Nitrates are a more stable and less toxic form of
nitrogen, and they are the form that plants can readily absorb and use for their growth. This
conversion is essential because nitrates provide the plants with the necessary nutrients,
especially nitrogen, that promote healthy root development, leaf production, and overall plant
growth. Nitrates, in contrast to ammonia and nitrites, are much less harmful to fish, making them
a key player in maintaining water quality.

Once the nitrates are produced, the plants absorb them through their roots, using them as a
nutrient source. As the plants take up the nitrates, they simultaneously filter and purify the water,
removing excess nutrients and other compounds from the water before it is recirculated back to
the fish tanks. This creates a self-sustaining, closed-loop system where waste from the fish
nourishes the plants, and the plants, in turn, help clean the water for the fish.

The nitrogen cycle in an aquaponic system operates continuously, with the bacteria acting as a
natural biofilter, maintaining the balance of the ecosystem. The constant conversion of ammonia
to nitrite and then to nitrate ensures that both fish and plants receive the benefits they need to
thrive. The process also reduces the reliance on external inputs, such as synthetic fertilizers,
which are commonly used in traditional farming but are not necessary in an aquaponic system.
As the plants grow, they not only provide a valuable food source but also contribute to the
overall health of the system, making aquaponics an efficient, environmentally friendly, and
self-sustaining method of food production.

Differences Between Aquaponics and Hydroponics

While aquaponics and hydroponics both use soilless growing techniques, they differ significantly
in their nutrient sources, system complexity, and ecological benefits:

1. Nutrient Source:



o Aquaponics relies on fish waste as the primary nutrient source, creating a natural
and organic method of nutrient delivery. Plants absorb these nutrients directly
from the water, benefiting from a biologically active system.

o Hydroponics, on the other hand, uses a synthetic nutrient solution, where
nutrients are added manually in precise amounts. These nutrients, although
effective, are typically derived from inorganic salts, which can be less sustainable
and require external inputs.

2. System Complexity and Maintenance:

o Aquaponics systems are more complex due to the need to balance fish health,
bacterial activity, and plant growth. They require monitoring water quality, pH, and
temperature, as these elements impact both fish and bacteria. This complexity,
however, often leads to a more resilient system with natural nutrient cycling.

o Hydroponics systems are simpler, focusing primarily on plant growth. Without
fish, there’s no need to manage living organisms outside of plants, making
hydroponics easier to maintain, especially in controlled environments.

3. Ecological and Sustainability Benefits:

o Aquaponics is generally more sustainable because it mimics natural ecosystems,
recycles nutrients, and reduces water usage. By growing fish and plants together,
aquaponics promotes biodiversity and requires fewer external inputs.

o Hydroponics has the advantage of a faster nutrient delivery system since plants
are grown in direct contact with the nutrient solution. However, hydroponic
systems require more frequent replenishment of water and nutrients, which can
lead to greater waste without careful management.

Cold-Water Aquaponics vs. Heated Aquaponics

Transitioning to cold-water aquaponics, a variation of the traditional system, introduces both
unique challenges and distinct advantages, particularly in terms of energy savings and
adaptability to cooler climates. Unlike conventional aquaponics systems, which often rely on
artificial heating to maintain optimal water temperatures for both fish and bacteria, cold-water
aquaponics takes advantage of naturally cooler environmental conditions, potentially reducing
or even eliminating the need for supplemental heating. This makes it a highly energy-efficient
option for regions with cooler climates, where heating costs can otherwise be a significant
expense in traditional aquaponic systems.

One of the primary advantages of cold-water aquaponics is its ability to function without the
need for energy-intensive heating systems. In traditional aquaponics, maintaining a consistent
temperature of 75-80°F (24-27°C) is essential for the health and growth of both fish and plants,
particularly in temperate or colder regions. This often involves the use of electric or
gas-powered heaters to maintain the desired temperature, which can be costly and
environmentally taxing. Cold-water aquaponics, by contrast, capitalizes on naturally cooler
water temperatures, typically in the range of 50-65°F (10-18°C), that are suitable for specific fish
species and plant varieties.

However, successful cold-water aquaponics requires careful consideration of the species
selected for both the aquaculture and hydroponic components, as well as the adaptation of the



system to lower temperatures. For fish, species that can thrive in cooler waters are essential.
Common cold-water fish used in these systems include species such as trout, and certain types
of carp. These fish are naturally suited to colder environments and can continue to grow and
reproduce effectively at lower temperatures, reducing the need for artificial heating.

The plants in a cold-water aquaponics system must also be selected for their ability to thrive at
lower temperatures. While many popular aquaponic plants, such as tomatoes and basil,
typically require warmer conditions, cold-water systems can be well-suited for leafy greens like
lettuce, spinach, kale, and other cool-season crops. These plants grow efficiently in the
temperature ranges found in cold-water aquaponics, making them ideal for systems located in
temperate or even cold climates.

One of the more challenging aspects of cold-water aquaponics is ensuring that the beneficial
bacteria essential for converting ammonia into nitrates can thrive at lower temperatures. The
bacteria that perform this crucial task—Nitrosomonas and Nitrobacter—are typically more active
in warmer water, and their efficiency can decrease in cooler temperatures. To overcome this
challenge, cold-water aquaponics systems must be carefully managed to maintain the optimal
conditions for bacterial activity, which may include adjusting pH levels, providing additional
oxygenation, or even selecting bacterial strains that are more tolerant of colder water. In some
cases, a longer cycling period may be required for the system to reach equilibrium, as the
bacteria will work more slowly in cooler environments.

Despite these challenges, cold-water aquaponics offers a promising solution for regions where
energy costs are high or where warmer aquaponics systems may not be feasible. In addition to
the energy savings, cold-water systems tend to have lower evaporation rates, which further
enhances their sustainability, particularly in water-scarce areas. Furthermore, the ability to grow
crops like leafy greens year-round, even in colder climates, provides an opportunity to enhance
food security in regions where traditional farming may be limited by seasonal weather patterns.

In summary, cold-water aquaponics offers a unique set of advantages, including reduced energy
costs, water conservation, and the potential to cultivate food in cooler climates. However, its
success depends on careful species selection, adjustments to system design, and the ability to
manage lower temperatures in a way that supports the needs of both fish and plants. When
these factors are carefully balanced, cold-water aquaponics can become a sustainable and
highly efficient alternative to traditional farming and aquaculture, helping to meet the growing
global demand for food while reducing the environmental impact of production systems.

Ecological Benefits and Resilience Factors of Cold-Water Aquaponics

Cold-water aquaponics stands out as an innovative approach to sustainable food production
with a myriad of ecological benefits. By eliminating the need for artificial heating, this system
significantly reduces energy consumption while fostering a low-maintenance, self-sustaining
ecosystem. Beyond food production, cold-water aquaponics bolsters urban biodiversity,



strengthens resilience to environmental challenges, and provides a living model for
reconnecting people with nature.

1. Enhanced Biodiversity and Support for Urban Ecosystems

Cold-water aquaponics systems can evolve into miniature ecosystems that enhance urban

biodiversity and enrich their surroundings. When integrated into urban areas, these "farm oases

support a range of organisms and contribute to the health and functionality of local ecosystems.

Attracting and Supporting Beneficial Wildlife

Habitat Creation: The water, plants, and surrounding structures of aquaponics systems
create a habitat that attracts diverse species. Frogs, dragonflies, and birds are
commonly drawn to such systems in urban environments.

Natural Pest Control: Amphibians like frogs and reptiles, such as small snake,s often act
as natural pest controllers, feeding on insects that might otherwise harm crops. Birds
attracted to the system may also help manage pest populations while enriching the local
soundscape.

Climate Refuge: In hot or arid urban areas, aquaponics systems provide water and
shaded plant growth, offering a cooling refuge for wildlife and mitigating the urban heat
island effect.

Microbial Diversity and Soil Health in Aquaponics

Microbial Ecosystems: Although aquaponics systems do not rely on traditional soil, they
harbor diverse microbial communities within the grow media and water. Beneficial
microbes thrive on the organic matter generated by fish waste and plant roots, breaking
it down into nutrients essential for plant growth.

Water Quality Enhancement: These microbes are integral to the nitrogen cycle,
converting ammonia to nitrates and maintaining water quality for fish. The thriving
microbial life mirrors soil ecosystems, creating a dynamic and productive environment.
Potential for Soil Enrichment: Wastewater from aquaponics systems can be used to
irrigate nearby soil-based systems, enriching them with nutrients and beneficial
microorganisms.

Contribution to Pollinator Health

Flowering Plant Integration: Many aquaponics setups include flowering plants such as
herbs, fruiting vegetables, or native species that attract pollinators like bees, butterflies,
and other insects.

Urban Pollinator Corridors: These systems can serve as stepping stones within urban
landscapes, supporting pollinators by providing nectar and habitat. This benefit extends
beyond the aquaponics system itself, enhancing the productivity and health of
surrounding urban gardens and green spaces.

Educational Opportunities: The visibility of pollinators and other wildlife in aquaponics
systems can inspire urban dwellers to prioritize pollinator health in their own spaces.



2. Fostering Resilience and Sustainability in Urban Areas

Cold-water aquaponics systems are more than innovative food production methods; they
represent a transformative step toward fostering resilience and sustainability in urban
ecosystems. These systems serve as vital links in the ecological chain, enhancing biodiversity,
conserving water, and contributing to climate adaptation, all while reconnecting urban
communities with the natural world.

Water conservation is a cornerstone of aquaponics. Traditional agriculture often relies on
extensive water use and irrigation systems that can strain local water supplies, especially in
urban areas where resources are limited. In contrast, aquaponics operates on a closed-loop
system, continuously recirculating water between fish tanks and plant beds. This design
minimizes waste, with systems using up to 90% less water than traditional farming methods.
The efficiency is particularly critical in cities, where the competing demands for water, domestic,
industrial, and recreational, often leave little for agriculture. By reducing water strain, cold-water
aquaponics offers a sustainable alternative, ensuring food production remains viable even in
water-scarce environments.

Beyond conserving water, cold-water aquaponics systems adapt seamlessly to urban
microclimates. Whether nestled on rooftops, repurposing vacant lots, or integrated into
community centers, these systems thrive in spaces where traditional agriculture may falter. Their
ability to function in cooler conditions without the need for artificial heating extends their
adaptability, making them an ideal solution for cities facing erratic weather patterns driven by
climate change. The consistent temperature provided by water’s thermal properties acts as a
buffer against extreme fluctuations, ensuring stable growth conditions for plants and fish alike.

Yet the contributions of cold-water aquaponics to urban resilience go far beyond water and
climate considerations. These systems actively enhance urban biodiversity, creating what
ecologists term “pollinator corridors.” In densely built environments, natural habitats are often
fragmented or absent, posing a significant challenge for pollinators such as bees, butterflies,
and birds. Aquaponics systems, with their integration of flowering plants and lush greenery,
provide oases for these essential creatures, linking isolated green spaces and creating
pathways that enable pollinators to thrive.

A pollinator corridor is more than just a collection of flowers; it’s an interconnected network of
habitats that supports the survival of species critical to urban ecosystems. In cold-water
aquaponics systems, flowering plants such as herbs, fruits, and ornamentals are cultivated not
just for human benefit but also to attract and sustain pollinators. Bees forage among basil
flowers, butterflies rest on vibrant marigolds, and hummingbirds sip nectar from trumpet-like
blooms. As pollinators visit these plants, they carry pollen to other nearby gardens, urban farms,
and parklands, supporting the reproduction of plants across the city. These systems don'’t just
feed people, they also sustain the ecological processes that allow urban greenery to flourish.

The presence of pollinators within aquaponics systems also highlights the reciprocal relationship
between human-made and natural environments. As urban residents observe the interplay of



aquatic life, plants, and pollinators, they are drawn into the larger story of ecological
interdependence. This connection fosters a deeper appreciation for nature and its cycles,
encouraging stewardship and sustainability in both individual and collective actions.

Community engagement is another powerful outcome of cold-water aquaponics systems. As
hubs of activity, these systems invite people of all ages to learn about sustainable agriculture,
biodiversity, and water conservation. Schools incorporate aquaponics into their science
curricula, teaching students about the nitrogen cycle, plant biology, and ecological balance.
Community groups use them to demonstrate innovative urban farming techniques, showing how
food can be grown locally with minimal environmental impact. These systems become living
classrooms, offering hands-on experiences that transform abstract concepts like climate
adaptation into tangible realities.

Ultimately, cold-water aquaponics systems do more than grow food, they cultivate connections.
They bring together urban residents, wildlife, and ecological processes in a shared space that
emphasizes coexistence and mutual benefit. By fostering pollinator corridors, conserving
resources, and adapting to urban challenges, these systems create vibrant, self-sustaining
ecosystems that harmonize human activity with nature’s needs. In doing so, they provide a
blueprint for resilient, sustainable cities where biodiversity thrives alongside human innovation,
offering hope for a future in which ecological health and urban growth are not opposing forces
but complementary goals

2. Water Conservation and Reduced Resource Use

Water conservation stands as one of the most compelling ecological benefits of aquaponics, a
modern solution to an age-old agricultural challenge. In traditional farming systems, irrigation
often leads to significant water losses through evaporation, runoff, and inefficient application
methods. This excessive water use not only depletes local water resources but also contributes
to the contamination of nearby rivers, lakes, and groundwater due to nutrient runoff and
pesticide residues. Cold-water aquaponics, by contrast, employs a closed-loop recirculating
water system that redefines how we think about water use in agriculture, setting a new standard
for efficiency and environmental responsibility.

At the core of aquaponics is its innovative recirculating water system, which continuously cycles
water between fish tanks and plant beds. This design minimizes waste by reusing the same
water throughout the system. Unlike soil-based agriculture, which often requires large volumes
of water to compensate for losses to runoff and infiltration, aquaponics relies on a carefully
managed balance of inputs and outputs. By maintaining a closed-loop environment, these
systems can operate with as little as 10% of the water required for traditional farming. This
efficiency is particularly crucial in urban areas where water resources are stretched thin due to
competing demands from residential, industrial, and recreational uses.



In addition to conserving water, the closed-loop nature of aquaponics systems virtually
eliminates runoff and its associated problems. In traditional agriculture, runoff often carries
fertilizers, pesticides, and sediment into nearby water bodies, contributing to issues such as
eutrophication, algal blooms, and the degradation of aquatic ecosystems. Cold-water
aquaponics avoids these problems by keeping water, and its nutrient content, contained within
the system. Nutrients derived from fish waste are used directly by plants, leaving no excess to
leach into the environment. This built-in nutrient recycling not only prevents contamination but
also supports healthier waterways in surrounding areas.

The absence of runoff in aquaponics systems has broader implications for urban water
management. In cities, stormwater runoff is a significant concern, often overwhelming drainage
systems and carrying pollutants into local waterways. By retaining water within the system,
aquaponics can serve as a model for sustainable water practices, demonstrating how
agriculture can coexist with urban infrastructure without contributing to water pollution.

Cold-water aquaponics, in particular, extends these benefits to regions where water scarcity and
energy costs make traditional farming increasingly unsustainable. Unlike heated systems, which
require energy inputs to maintain optimal temperatures for fish and plants, cold-water systems
take advantage of cooler conditions to reduce energy demands while still conserving water. This
dual efficiency makes them especially well-suited for small-scale and community-based
agriculture projects in water-scarce areas, where every drop of water counts.

Moreover, the integration of aquaponics into urban environments offers an opportunity to
address the challenges of water conservation and food security simultaneously. Rooftop
gardens, repurposed industrial spaces, and community centers can host aquaponics systems
that provide fresh produce and fish while significantly reducing water use. These systems not
only offer a sustainable food source but also contribute to urban climate resilience by reducing
the demand for imported food and the associated water footprint.

In the face of increasing global water scarcity, cold-water aquaponics represents a practical and
scalable alternative that aligns with the principles of circular resource use. By turning one of
agriculture’s greatest vulnerabilities—its dependence on water—into a strength, aquaponics
redefines what is possible in sustainable food production. Whether implemented on a small
scale in urban neighborhoods or as part of larger community initiatives, these systems exemplify
how innovation can address the twin challenges of resource conservation and environmental
protection, paving the way for a greener and more resilient future.

3. Resilience to Climate and Energy Fluctuations

The rising cost of fuel was a pivotal factor that inspired my research into cold-water
aquaponics. Energy expenses, particularly those related to heating, represent one of the
highest operational costs in traditional aquaponic systems. As fuel prices soared, it
became evident that reliance on energy-intensive inputs was not only economically



unsustainable but also a barrier to wider adoption of aquaponics. This challenge sparked
a quest for solutions that could reduce energy dependency while maintaining the
benefits of aquaponic farming, a journey that led to the exploration of cold-water
systems.

Cold-water aquaponics offers a practical and innovative response to fluctuating energy
costs and the increasing unpredictability of climate conditions. By eliminating the need
for artificial heating, these systems drastically reduce energy consumption. This shift not
only cuts operational costs but also aligns with broader goals of sustainability, making
aquaponics more accessible to urban farmers, small-scale producers, and community
projects. The resilience of cold-water aquaponics lies in its ability to adapt to
environmental challenges while delivering consistent productivity.

The adaptability of cold-water aquaponics to temperature variations is one of its defining
features. Traditional aquaponic systems often require water temperatures of 75-80°F
(24-27°C) to support the growth of warm-water fish and heat-loving plants. Maintaining
these temperatures in colder climates can necessitate continuous heating, leading to
substantial energy expenditures. Cold-water systems, by contrast, are designed to thrive
without added heat. They rely on species of fish, such as trout or certain types of carp,
that naturally tolerate cooler water temperatures. Similarly, plant varieties suited to cooler
climates, including leafy greens, brassicas, and herbs, flourish in these conditions. This
natural alignment with lower temperatures allows cold-water aquaponics to operate
effectively across a broader range of climates, reducing dependency on artificial climate
control.

Energy efficiency is another critical advantage of cold-water aquaponics. Heating can
account for a significant portion of the energy costs in traditional systems, particularly in
regions with long winters or cool nights. By eliminating this requirement, cold-water
aquaponics reduces energy use to essential operations such as water circulation and
aeration. This efficiency translates directly into cost savings, making the systems more
economically viable. For urban farmers operating on tight budgets, the reduction in
energy expenses can mean the difference between a profitable venture and an
unsustainable one. Furthermore, lower energy requirements reduce the system’s carbon
footprint, contributing to broader environmental benefits.

In addition to energy efficiency, cold-water aquaponics provides a buffer against the
impacts of climate change. Urban areas face a unique set of challenges related to
climate variability, including the heat island effect, increased frequency of droughts, and
unpredictable rainfall patterns. Cold-water aquaponics systems address these
challenges by maintaining stable growing conditions independent of external weather
fluctuations. The thermal properties of water play a key role in this resilience. Water’s
high specific heat capacity allows it to absorb and retain heat, buffering plants and fish
against sudden temperature changes. This stability is particularly valuable in urban
environments, where microclimates can exacerbate temperature extremes.



The rising cost of fuel was not just a motivator for exploring cold-water aquaponics; it
was a catalyst for rethinking the entire approach to sustainable food production.
Traditional agriculture and even some modern systems rely heavily on fossil fuels for
heating, irrigation, and transportation. Cold-water aquaponics breaks this cycle by
integrating energy-efficient practices into its core design. This innovation makes it
possible to produce food locally in a manner that is both economically and
environmentally sustainable. The systems are particularly well-suited for urban settings,
where limited space and resources demand creative and efficient solutions.

Beyond addressing energy costs, cold-water aquaponics systems embody the principle
of doing more with less. By leveraging natural processes and selecting species that
thrive in cooler conditions, these systems achieve high productivity with minimal
resource input. They offer a blueprint for resilience, demonstrating that it is possible to
grow food sustainably even in the face of rising fuel prices, energy volatility, and climate
uncertainty. As the global community continues to grapple with these challenges,
cold-water aquaponics stands out as a promising model for the future of agriculture.

4. Food Security and Accessibility in Urban Settings

The ability to grow food sustainably in cities is increasingly important as urban
populations expand and climate impacts threaten traditional agriculture. Cold-water
aquaponics offers a productive model that strengthens food security and increases
access to fresh produce within urban areas.

One of the key advantages of cold-water aquaponics is its capacity to localize food
production. By situating these systems directly within cities, food is grown closer to
where it will be consumed, significantly reducing the need for long-distance
transportation. This proximity not only decreases carbon emissions associated with food
miles but also ensures that urban residents have access to fresher, nutrient-rich
produce. In a world where supply chain disruptions can quickly escalate into food
shortages, local production provides a critical safeguard for urban populations.

Beyond the direct benefit of food production, cold-water aquaponics systems contribute
to the creation of accessible green spaces in urban environments. These systems can
transform rooftops, vacant lots, and underutilized spaces into thriving ecosystems. In
addition to producing food, these green spaces serve as hubs for community
engagement, education, and environmental stewardship. They provide urban residents
with the opportunity to reconnect with nature, fostering a sense of ownership and
responsibility for local food systems. Community members can come together to learn
about sustainable farming practices, participate in food production, and build stronger
social networks around shared goals of sustainability and resilience.



The year-round production potential of cold-water aquaponics further enhances its value
in urban settings. By carefully selecting plant and fish species that tolerate cooler
temperatures, these systems can remain productive even during colder months. This
capability is particularly significant in cities where growing space is limited and traditional
outdoor farming is restricted by seasonal changes. Urban residents can rely on
cold-water aquaponics to provide a steady supply of fresh food throughout the year,
reducing dependence on seasonal imports and the environmental costs associated with
them.

Additionally, cold-water aquaponics offers the potential to address food deserts, areas
within cities where access to fresh and affordable produce is limited. By strategically
placing these systems in underserved neighborhoods, they can provide residents with a
consistent and local source of healthy food. This not only improves individual nutrition
but also contributes to public health by reducing diet-related illnesses linked to a lack of
fresh produce.

The integration of cold-water aquaponics into urban settings also supports broader
environmental goals. By reducing the need for traditional agriculture, which often
contributes to deforestation and soil degradation, aquaponics helps preserve natural
ecosystems. Furthermore, the water efficiency of these systems ensures that food
production in cities does not place additional strain on already limited water resources.
Instead, aquaponics systems model a circular economy approach, where waste is
minimized, and resources are reused within a closed-loop framework.

In summary, cold-water aquaponics is more than just a method of sustainable food
production; it is a transformative approach that addresses some of the most pressing
challenges facing urban areas today. By localizing food production, creating green
spaces, enabling year-round growth, and improving food access, these systems
represent a forward-thinking solution for feeding cities while promoting environmental
and social resilience. As urban populations continue to grow, the adoption of cold-water
aquaponics could play a pivotal role in shaping the sustainable cities of the future.

5. Educational and Community Benefits

Aquaponics systems can serve as a valuable educational tool, raising awareness about
sustainable agriculture and ecological principles. Cold-water aquaponics, in particular,
provides profound lessons on resilience, water conservation, and the adaptability of
natural systems. These systems bridge the gap between theoretical knowledge and
hands-on experience, making them an effective medium for teaching a wide range of
subjects related to sustainability and environmental science.

Engagement in sustainability education is one of the most impactful applications of
cold-water aquaponics. By integrating these systems into educational programs,



students, community members, and urban farmers gain practical insights into the
benefits of water-efficient, closed-loop agriculture. Schools can use aquaponics as a
living laboratory, allowing students to explore scientific concepts such as the nitrogen
cycle, ecosystem dynamics, and the interdependence of species. Nonprofits and
community groups can leverage aquaponics to host workshops and training sessions,
demonstrating how sustainable food production can be achieved even in
resource-constrained settings. These programs inspire participants to think critically
about their role in creating a more sustainable future and equip them with the skills to
contribute meaningfully.

Cold-water aquaponics also offers unique opportunities to promote a connection to
nature, particularly for urban residents who may have limited access to natural
ecosystems. Within the confined spaces of cities, aquaponics systems create
microcosms of ecological interactions. Observing the interplay between fish, plants, and
beneficial microorganisms provides a tangible example of the delicate balance required
to sustain life. Residents who witness these cycles firsthand often develop a deeper
sense of stewardship and respect for the environment, as they come to understand how
their actions can influence larger ecological systems.

For young learners, aquaponics can spark curiosity and a lifelong interest in science,
agriculture, and environmental issues. The visual and interactive nature of these
systems makes complex topics more accessible. Students can monitor water quality,
measure plant growth, and study the behavior of fish, gaining practical experience in
data collection and analysis. These activities not only reinforce classroom learning but
also foster critical thinking, problem-solving skills, and an appreciation for the scientific
process.

Aquaponics systems also provide a platform for interdisciplinary education. Beyond
biology and environmental science, they can be used to teach concepts in mathematics,
such as calculating water flow rates and nutrient levels, or in engineering, by designing
and maintaining system components. For older students or community participants,
aquaponics can serve as an entry point into discussions about food systems, climate
change, and sustainable development, encouraging them to think holistically about the
challenges and solutions facing our world.

Furthermore, aquaponics systems contribute to community-building by creating spaces
for collaborative learning and shared experiences. Community centers and urban farms
that host aquaponics projects often become gathering places where people from diverse
backgrounds can connect over shared goals. These spaces foster dialogue about
sustainability, encourage the exchange of ideas, and strengthen social networks, all
while contributing to local food security.

The ability of aquaponics to bring people closer to natural processes also holds
therapeutic value. For individuals dealing with stress or disconnection from nature,
interacting with an aquaponics system can provide a sense of calm and purpose.



Watching fish swim, tending to plants, and engaging with the system’s cycles can be a
grounding experience, offering mental health benefits alongside environmental
education.

In summary, cold-water aquaponics systems are more than just tools for sustainable
food production; they are powerful educational platforms that foster environmental
awareness, scientific curiosity, and community engagement. By integrating these
systems into schools, nonprofits, and urban spaces, we can inspire a new generation to
value and protect the natural world while equipping them with the knowledge and skills
to build a sustainable future

Cold-water aquaponics offers a resilient, ecologically beneficial alternative to traditional
agriculture, particularly in urban settings. By operating within natural parameters, conserving
resources, supporting biodiversity, and strengthening food security, cold-water aquaponics
demonstrates its viability as a sustainable and adaptable farming method. Through its
closed-loop design and compatibility with the urban environment, cold-water aquaponics creates
a true farm oasis that contributes positively to the ecological and social health of cities.

Personal Experience with Cold-Water (Non-Heated) Aquaponics

In my research on cold-water aquaponics, | found that cooler temperatures, particularly in
winter, offered specific advantages for plant growth that were unexpected. While many
conventional aquaponic systems use heated water to optimize year-round growth, my
observations in a non-heated setup revealed that plants thrived in colder conditions. This
success was largely due to two factors: increased levels of dissolved oxygen (DO) and the
thermal stability provided by the water itself, which helped buffer plants against rapid
temperature changes.

Benefits of Cooler Water Temperature

1. Higher Dissolved Oxygen Availability
One of the most significant advantages | observed in winter was the increased dissolved
oxygen available to the plants. Dissolved oxygen is critical in aquaponics because it
supports both fish and root health, contributing to efficient nutrient uptake and overall
plant vitality. In water, DO levels are inversely related to temperature: as water
temperature decreases, its capacity to hold oxygen increases. This meant that in winter,
the water in my system held higher levels of dissolved oxygen compared to the warmer
months.

2. Impact on Plant Growth: Cold water aquaponic systems present unique challenges for
plant growth, primarily due to reduced metabolic activity and nutrient uptake at lower
temperatures. Typically, colder temperatures slow plant development as biological
processes, such as photosynthesis and nutrient absorption, become less efficient.
However, observations from my system indicate that while growth was delayed, plants
remained viable throughout the winter months.



One key finding was that the lack of sunlight played a more significant role in growth rates than
cold temperatures. Lettuce grown in shaded areas, such as those positioned behind the grow
beds, consistently lagged in development compared to those with full sun exposure. This
suggests that while colder temperatures did slow metabolic activity, light availability was a
greater limiting factor in winter growth.

To optimize production, an improved planting timeline is necessary. Rather than planting during
the slow-growing winter months, the system should ideally be planted by October, allowing the
lettuce to establish before winter dormancy sets in. This approach would enable gradual growth
throughout the colder months, leading to a steady harvest rather than delays caused by late
planting.

These findings highlight the feasibility of non-heated aquaponics for year-round production,
provided that planting schedules align with seasonal growth patterns and light availability is
carefully managed.

3. Thermal Stability and Temperature Buffering
Another key factor in plant success during winter was the thermal stability provided by
the water in the aquaponics system. Water has a high specific heat capacity, meaning it
can absorb and retain heat more effectively than air. This property allowed the water in
my aquaponic system to act as a thermal buffer, moderating temperature fluctuations
and creating a more stable environment for the plants.

o Microclimate Effect: The water’s buffering capacity helped maintain relatively
stable temperatures around the plant roots, even when air temperatures dropped
significantly overnight. This stabilization effect is often referred to as a
microclimate created by the thermal mass of the water. In my system, this meant
that plants were less susceptible to sudden cold snaps, which could otherwise
slow growth or damage foliage.

o Protection from Temperature Stress: In traditional soil-based systems, plants can
experience temperature stress as air temperatures fluctuate. However, in my
cold-water aquaponics system, the water’s capacity to regulate temperature
allowed plants to avoid these stresses, supporting consistent growth even in
cooler weather.

Adaptations for Enhanced Winter Growth

Recognizing the benefits of cold-water aquaponics for winter growing conditions, | adopted
several strategies to maximize plant performance in cooler months:

1. Selecting Cold-Tolerant Crops: Based on my experience, | prioritized crops that naturally
tolerate cooler temperatures and thrive in high-oxygen conditions. Leafy greens like
spinach, lettuce, and kale performed exceptionally well in winter, benefitting from both



the high dissolved oxygen levels and the temperature stability provided by the water.
This approach allowed me to maintain productivity without the need for artificial heating.

2. Optimizing Dissolved Oxygen with Aeration: While cooler temperatures naturally
increased dissolved oxygen levels, | found that adding aeration during warmer months
helped mimic these winter advantages. By introducing air stones or low-energy water
pumps, | was able to boost DO levels even when temperatures rose, supporting
consistent plant growth year-round.

3. Monitoring Temperature Variability: Understanding the thermal buffering provided by
water, | tracked temperature variations within the system to better predict plant
responses. Knowing that winter temperatures created a favorable microclimate allowed
me to make more informed decisions about planting schedules, crop choices, and
system adjustments.

Insights into Cold-Water Aquaponics as a Viable Winter System

My experience with cold-water aquaponics revealed unexpected advantages in winter, with
higher dissolved oxygen levels and the thermal buffering effect of water contributing to robust
plant growth. These factors demonstrate that cold-water systems can support stable, productive
growing environments without artificial heating. The natural microclimate created by the water
helps protect plants from temperature stress, making cold-water aquaponics a resilient and
sustainable option for seasonal growing, especially in cooler climates.

Fish Selection and Adaptation
Initial Choice: Koi Fish

Koi fish were originally selected for the aquaponics system due to their high adaptability to
varying water conditions and their added value as ornamental fish for sale. Their presence
offered a dual-purpose benefit: nutrient cycling for plant growth and potential revenue from fish
sales. However, a significant system failure, a wasp nest obstructing the air intake, caused a
catastrophic oxygen depletion, resulting in a mass die-off of the koi stock. This unforeseen
event, coupled with budget constraints, necessitated finding a cost-effective replacement
species.

Transition to Carp

Common carp (Cyprinus carpio) were chosen as the replacement species, primarily for their
hardiness and suitability for cold-water conditions. This transition aligned with the decision to
shift the system to cold-water aquaponics, eliminating the need for energy-intensive water
heating. Carp, being resilient to temperature fluctuations, is well-suited for such systems.
However, their integration introduced new challenges, requiring precise management of feeding,
digestion, and seasonal behavior.

Feeding and Digestion Management



Feeding Adjustments:

The metabolic rate of carp is directly influenced by water temperature. As ectothermic
(cold-blooded) animals, their activity levels and digestion slow in cooler conditions. This
required recalibrating the feeding rates to match their reduced energy requirements and
ensure food was fully digested to prevent waste accumulation.

o Initial feeding rates were based on biomass estimates and adjusted using
observation of feeding behavior and water quality metrics, such as ammonia
levels, to avoid overfeeding.

o Uneaten feed was closely monitored, as excess feed could lead to increased
nitrogenous waste, compromising the health of the system.

Digestion Timing:

Carp digestion was carefully tracked by observing their fecal output and water quality

indicators, such as nitrate levels. Adjustments were made to feeding schedules to
optimize nutrient availability for plant uptake while preventing system imbalances.

Seasonal Behavior and Torpor

Carp exhibit torpor, a state of reduced physiological activity, in response to cold water
temperatures. During torpor, their metabolic rate decreases significantly, leading to reduced
feeding and activity levels. Managing this behavior was crucial to maintaining the balance of the
aquaponics system.

First Winter Observations:

Despite water temperatures falling within the expected range for torpor (typically below
10°C or 50°F), the carp exhibited unexpected activity and continued feeding behavior.
This anomaly required revisiting system parameters, such as aeration and water flow
rates, which may have contributed to their sustained activity.

Second Winter Observations:

In the current season, some carp have begun to show marginal signs of torpor, such as
reduced movement and lower food consumption, despite the warmer-than-average
winter temperatures. This variability suggests that carp's behavior is influenced by a
combination of environmental factors, including water temperature stability, dissolved
oxygen levels, and photoperiod (daylight length).

System Impact and Adaptation Strategies

The transition to carp has proven beneficial in aligning with the cold-water aquaponics system,
but it has also underscored the importance of adaptive management strategies:

Regular monitoring of water parameters, including temperature, dissolved oxygen,
ammonia, nitrites, and nitrates.

Modifying feeding schedules and quantities based on seasonal behavior and observed
activity levels.

Incorporating contingency plans for system failures, such as backup aeration systems, to
prevent oxygen-related fish mortality.



Carp have demonstrated resilience and compatibility with the system's objectives, but their
behavior and physiology require continuous observation to ensure optimal performance of the
aquaponics system.

Setback: Carp Breeding and Its Impact on Plant Growth

One of the unexpected challenges | encountered in my cold-water aquaponics research was the
breeding of the carp in the system. While aquaponics literature commonly addresses the
filtration needs for tilapia, which are a warm-water species frequently used in heated
aquaponics, few resources offer guidance on the unique requirements of cold-water fish like
carp. Carp, a hardy species well-suited for cooler temperatures, presented an unforeseen
complication: their smaller egg size allowed fish fry to bypass standard filter mesh and enter the
grow beds, where they disrupted plant growth.

Breeding Challenges: Filter Mesh and Fish Fry in the Grow Beds

In traditional aquaponics setups, mesh filters are typically sized to prevent tilapia eggs from
passing through. However, carp eggs are significantly smaller, which allows fertilized eggs to
slip through the filter and into the grow beds. As these eggs hatched, small fish, or fry, began to
populate the plant beds.

e Mesh Sizing Issue: The standard mesh filter size | used was effective for tilapia, but not
for carp. The smaller egg size meant that carp fry could pass through the filter easily,
bypassing the protective barrier designed to keep the fish contained in the tank. Within a
short time, | found young carp in the grow beds, feeding on plant roots and affecting
plant health.

e Growth of Fish Fry in Grow Beds: Once in the grow beds, the fish fry found a new habitat
among the plants. While this was an indication of a healthy breeding environment, it
presented an issue for plant development. Fish fry grew quickly in this nutrient-rich area,
with ready access to water, nutrients, and plant roots.

Impact of Fish on Plant Health

The presence of fish fry in the grow beds created a significant setback in plant productivity. As
the young fish grew, they began feeding on the plant roots, causing substantial damage to the
crops and reducing overall yield. The plant roots, which are essential for nutrient and water
uptake, were particularly vulnerable to this disruption:

e Root Damage: The fish fry and juvenile carp ate or damaged the delicate roots of the
plants in the grow beds. This root disturbance hindered the plants’ ability to absorb
nutrients and maintain stability, stunting growth and, in some cases, leading to plant
death.

e Reduced Growth and Yield: The compromised root systems led to slower plant growth
and reduced yields. This impact was particularly noticeable in smaller, shallow-rooted
plants that could not withstand the disruption caused by the fish activity around their



roots. Ultimately, the presence of fish in the grow beds undermined one of the key
advantages of aquaponics: the symbiotic relationship between plants and fish.

Addressing the Issue: Lessons Learned and Adaptations

This setback highlighted the importance of considering species-specific requirements in
aquaponics systems, especially when working with less commonly used fish like carp. To
mitigate the effects of carp breeding in the future and prevent fish fry from entering the grow
beds, | explored several adjustments:

1. Upgrading Mesh Filter Size: One of the first adjustments | considered was selecting a
finer mesh size specifically designed to prevent carp eggs from passing through. This
finer mesh would act as a more effective barrier for smaller eggs while still allowing
water and nutrients to flow through the system.

2. Adjusting Water Flow: Modifying the water flow between the fish tank and grow beds
may help reduce the risk of eggs being pulled into the filtration system. Lowering the flow
rate during the breeding season could potentially prevent eggs from being drawn toward
the mesh, reducing the likelihood of fish fry entering the grow beds.

3. Seasonal Monitoring for Breeding Behavior: Since carp are more likely to breed under
specific conditions, monitoring and identifying breeding patterns can be helpful.
Implementing measures such as temporarily isolating breeding adults or reducing their
exposure to ideal breeding conditions (like slight temperature rises) may help control
unexpected breeding events.

4. Adding a Secondary Barrier in Grow Beds: Another potential solution involves placing a
secondary, finer mesh or barrier directly in the grow beds to block fish fry from moving
freely. This would create a physical layer of protection for plant roots while still allowing
water circulation within the grow beds.

Adapting to Species-Specific Needs in Cold-Water Aquaponics

This experience underscored the need for species-specific adaptations in aquaponics,
especially when working with non-standard fish like carp. The unexpected breeding behavior of
carp highlighted how filter design, water flow, and monitoring practices need to be tailored to
account for the characteristics of the chosen fish species. Addressing these challenges will not
only improve plant health and yield but also contribute to the development of aquaponics
systems that are better suited for cold-water, urban environments. Moving forward,
implementing these adaptations can help prevent similar setbacks and ensure a more
productive, balanced system.

Ongoing Struggles with Fish Removal and the Challenge of Balancing
Ecosystem Safety

After discovering that carp fry had entered the grow beds, one of the immediate challenges
became removing the fish without further disturbing the plants or other beneficial wildlife in the
system. This process has proven difficult, as even with fine-mesh upgrades and other filtration



adjustments, removing the fish entirely has been challenging. Over time, juvenile carp grew
larger, causing more damage to plant roots, while the presence of a threatened native frog
species in the system required a careful and delicate approach.

Exploring Methods for Safe Fish Removal

Removing the fish from the grow beds required creative solutions due to the unique mix of
wildlife in the system. With the need to protect a threatened frog species, we began exploring
alternative methods for removing the carp in a way that wouldn’t harm the frogs or other
beneficial organisms:

1. Researching Electrical Stimulation: One method we considered was using a low-level
electrical current to temporarily stun the fish, allowing for easier removal without harming
other wildlife. Research indicated that controlled, low-voltage electrical currents could be
applied to affect the carp temporarily, but setting the current low enough to avoid
harming frogs was complex. Frogs, being highly sensitive, required us to carefully test
and calibrate the current to ensure their safety.

o Balance of Current Levels: After initial research, we determined that only specific
current levels would be effective in stunning carp fry without adversely impacting
frog health. We have continued refining this approach to find the precise balance
that temporarily immobilizes the fish without affecting frogs, insects, or other
organisms.

2. Manual Removal Attempts: In some cases, we attempted manual removal of the carp fry,
especially in early stages when fish were small and relatively easy to handle. However,
as the fish grew, this approach became less feasible, particularly without causing plant
root disturbance. The dense plant roots provided natural cover, making it difficult to
locate and remove the fish without risking harm to the crops.

Beneficial Role of Dragonfly Larvae

While the fish have been problematic in the system, we observed an unexpected ecological
benefit from another species: dragonfly larvae, also known as nymphs. These larvae naturally
found their way into the system, likely attracted by the water and abundance of fish fry.
Dragonfly larvae are effective predators and begin preying on the smaller fish fry, providing a
level of biological control that helps keep the population of young fish in check.

e Biological Pest Control: Dragonfly larvae acted as a natural form of pest control,
reducing the number of fish fry in the grow beds. Although this did not eliminate the
larger, more established carp, it created a positive effect by limiting the number of new
fry that could grow and cause additional plant damage.

e Preserving System Balance: The presence of dragonfly larvae further highlighted the
need to maintain a delicate balance within the system. While the larvae provided control
over fish fry, they did not fully address the issue of larger carp, which continued to disrupt
plant growth and root health.



Ongoing Challenges and Future Considerations

Despite these efforts, completely removing the carp from the grow beds remains a significant
challenge. The interplay between protecting the threatened frog species, controlling the fish
population, and preserving plant health has required ongoing research and adaptation. Moving
forward, we are considering several approaches:

1. Further Refinement of Electrical Stimulation: Continuing to refine the use of electrical
currents to find a safe and effective solution for stunning fish temporarily remains a
priority. Additional research into low-impact electrical methods could offer a practical way
to control fish without negatively impacting frogs and beneficial insects.

2. Creating Targeted Exclusion Zones: Another potential solution involves installing smaller
exclusion zones or barriers within the grow beds to confine any fish that bypass the main
filter. By isolating these zones, we may be able to prevent fish from reaching plant roots
while still allowing other beneficial organisms, such as dragonfly larvae, to move freely.

3. Exploring Additional Biological Controls: The unexpected benefit of dragonfly larvae has
prompted consideration of other potential biological control agents that might selectively
target carp fry. Understanding the ecological interactions within the system could lead to
further biological solutions that naturally regulate fish populations without compromising
other species.

Lessons in Ecosystem Management

This ongoing experience has underscored the complexity of managing a multi-species
ecosystem within an aquaponics system, especially when unexpected issues arise. Balancing
fish, plants, and wildlife such as frogs and dragonflies requires careful management and
sometimes unconventional solutions. By focusing on maintaining ecosystem integrity while
controlling invasive fish populations, we continue to learn valuable lessons about adaptability
and resilience in cold-water aquaponics. As we refine these methods, we hope to create a
system that supports a diverse range of organisms while minimizing disruptions to plant health
and productivity.

The growth medium used in our agquaponics system plays a critical role in plant development,
providing structure and support for root systems while also facilitating nutrient and water uptake.
Initially, we used a sterile coconut coir and vermiculite mixture, with the specific ratio being one
part finely ground coconut coir and two parts fine vermiculite.

Coconut coir is a natural byproduct of coconut husks, commonly used in gardening due to its
high water retention capacity and ability to promote healthy root growth. It is a sustainable
alternative to peat moss, providing good aeration and drainage properties for plant roots.
Vermiculite is a mineral-based medium that, when heated, expands to create a lightweight,
absorbent material. It is used in horticulture for its ability to hold moisture and nutrients, while
also promoting root aeration due to its porous nature.



This mix was chosen based on common setups for aquaponic systems, particularly those using
grow cups and rafts. However, we observed several issues with this combination. The fine
texture of the medium caused it to retain too much moisture, leading to overly wet conditions. As
a result, the environment became conducive to the onset of damping-off, a fungal disease that
affected younger plants. In addition to this, the compact nature of the mix hindered root growth,
likely due to restricted airflow and water retention.

Comparison of Plant Loss (Damping Off) in Different Growing Mediums

25 H Medium - Damped Off
Fine - Damped Off

Number of Damped Off Plants

Tray Number

Results of Lettuce Growth Experiment in Cold Water Aquaponics

This experiment evaluated the impact of two types of growing mediums—medium-coarse and
fine—on the growth and health of lettuce plants in a cold-water aquaponics system. Each
medium was tested using four trays, with 55 lettuce plants planted in each tray. The primary
metric for plant health was the number of plants that succumbed to damping off in each tray.

Medium-Coarse Growing Material

e Tray 1: 5 plants damped off

e Tray 2: 15 plants damped off

e Tray 3: 23 plants damped off

e Tray 4: 0 plants damped off

The medium-coarse material showed variable results across the trays. Tray 4 exhibited no
damping off, indicating optimal conditions for plant health in this tray. However, trays 2 and 3
demonstrated significant losses, with up to 42% of plants affected in tray 3.



Fine Growing Material

Tray 1: 3 plants damped off
Tray 2: 16 plants damped off
Tray 3: 25 plants damped off
Tray 4: 1 plant damped off

The fine material also displayed variability. While trays 1 and 4 showed minimal damping off,
trays 2 and 3 had higher losses, with tray 3 experiencing the greatest impact, where nearly 45%
of plants were affected.

Comparative Analysis

The medium-coarse material exhibited more consistent growth patterns compared to the fine
material. Additionally, the medium-coarse trays showed no mold on the medium itself, whereas
the fine material trays were associated with white mold and mild yellowing of leaves. Growth in
the fine medium was less consistent, further highlighting differences in plant health outcomes
between the two mediums.

Overall, damping off was observed in both growing mediums, but the fine medium tended to
result in slightly higher rates of plant loss in the most affected trays (trays 2 and 3). The
medium-coarse material provided more consistent results in reducing plant loss in tray 4, which
had zero cases of damping off. However, both materials exhibited a degree of unpredictability,
as evidenced by the wide range of outcomes across trays.

Implications

The results suggest that the choice of growing medium can significantly influence plant health in
cold-water aquaponics systems. The high variability in damping off rates across trays highlights
the need for further investigation into other contributing factors, such as water flow, oxygen
levels, and environmental conditions, to better understand and mitigate plant loss. Future
studies could explore modifications to the grow medium composition or additional controls to
optimize outcomes.

To address these challenges, we switched to a medium-sized vermiculite in place of the fine
vermiculite. This change has shown potential for improved root expansion and overall plant
health. The study of this new mixture is ongoing, and while definitive conclusions are yet to be
drawn, preliminary results suggest that the new mix holds promise for better plant growth and
development in the aquaponics system.

Another issue we encountered involved the washing and processing of coconut coir. Coconut
fiber, which is used to make coir, is a byproduct of the coconut food industry. To process the
fibers and make them suitable for use in systems like aquaponics, they typically undergo a
washing process. Traditionally, saltwater is used to wash the fibers, as it helps to remove
impurities and soften the material. However, this method can leave residual salt behind in the
coir.



While the amount of salt remaining on the coir is generally low, it can accumulate over time,
especially in a closed-loop system like aquaponics. The gradual build-up of salt can pose a
significant challenge, particularly for sensitive fish species. Salt is known to affect fish health,
leading to stress, compromised immune systems, and, in extreme cases, death. Even small
amounts of salt can disrupt the delicate balance of the aquaponic ecosystem, highlighting the
importance of sourcing and thoroughly rinsing coir before introducing it into the system.

This issue required us to re-evaluate the sourcing and processing methods for coir, ensuring
that it was properly washed and suitable for use in a sustainable, fish-friendly environment.

Experimenting with Alternative Grow Mediums

As part of our ongoing efforts to optimize plant growth in the aquaponic system, we have begun
experimenting with a new growing medium provided by a current stakeholder. This in-house
blend consists of a combination of calcined clay, lava rock, montmorillonite clay, and pumice.
Each of these materials is selected for its unique properties: calcined clay and pumice offer
excellent drainage and aeration, while lava rock and montmorillonite clay help retain moisture
and provide essential trace minerals.

Trace minerals, which are required in small amounts but are vital for plant health, can be
provided by components like montmorillonite clay and lava rock. These minerals play a crucial
role in various physiological processes, including enzyme activation, nutrient uptake, and
photosynthesis. Some of the key trace minerals and their benefits in an aquaponic system
include:

e Iron (Fe): Essential for chlorophyll production and photosynthesis. A deficiency can
cause yellowing of leaves (chlorosis).

e Manganese (Mn): Involved in the activation of enzymes responsible for photosynthesis
and nitrogen metabolism.
Zinc (Zn): Important for protein synthesis, growth regulation, and overall plant immunity.
Copper (Cu): Plays a role in photosynthesis and helps plants with the absorption of
nutrients from the soil.
Boron (B): Vital for cell wall formation, pollination, and the transport of sugars in plants.
Molybdenum (Mo): Important for nitrogen metabolism and the conversion of nitrates into
amino acids.

e Chlorine (Cl): Helps with osmoregulation and photosynthesis, assisting in the plant’s
water balance.

e Nickel (Ni): Vital for enzyme activity, particularly in the breakdown of urea in the nitrogen
cycle.

e Calcium (Ca): While not always considered a trace mineral, calcium is essential for cell
structure and function, and helps prevent common disorders like blossom end rot in
tomatoes.



Currently, we are still in the trial phase with this new mixture, specifically testing how it performs
in a flowing system. One of the key considerations is the amount of fine particulate matter, or
"dust," produced by the medium. Fine particles can accumulate in the water, potentially clogging
the system or affecting plant health, so we are closely monitoring dust levels and their impact on
system performance.

Although the medium is still under evaluation, early results have shown promise. The blend
seems to offer good drainage and aeration, which could support robust root growth and healthy
plant development. As our testing continues, we aim to determine whether this new mixture can
be a viable alternative for use in our aquaponic system, potentially providing greater stability
and long-term success.

Experimenting with Hydroton (Lightweight Expanded Clay Aggregate)

In addition to testing the custom blend of calcined clay, lava rock, montmorillonite clay, and

pumice, we are also experimenting with Hydroton (lightweight expanded clay aggregate, or
LECA), a widely used medium in hydroponic and aquaponic systems. Hydroton consists of

small, round pellets of expanded clay that are fired at high temperatures to create a porous,
lightweight material.

One of the key advantages of Hydroton is its excellent aeration properties, which allow for
optimal oxygen flow to plant roots, helping to prevent root rot and promoting overall root health.
It is also a neutral pH medium, making it suitable for a wide variety of plants. Additionally,
Hydroton is highly durable and reusable, making it an environmentally friendly option for
long-term use in aquaponics systems.

However, Hydroton has relatively low water retention compared to other media, which means
plants may rely more on consistent water flow to meet their hydration needs. In systems with
lower flow rates, this characteristic could make it challenging to maintain stable moisture levels
around the roots, potentially impacting plant growth in certain conditions.

We are currently testing Hydroton in our flowing system, carefully monitoring how it performs in
terms of water retention, nutrient availability, and overall plant health. One consideration is the
amount of dust that is produced during handling, which could potentially affect water quality and
clogging in the system. While still in the trial phase, Hydrofon has shown promise in terms of
aeration and root development, and we are continuing to assess its suitability for our aquaponic
system.

This medium will also be used in growing tomatoes next season, and the results will directly
coincide with other tomato research studies we are conducting. The goal is to evaluate its
performance specifically in growing tomatoes, exploring whether it can provide the necessary
conditions for healthy root systems and optimal fruit production.

Composting Benefits of Used Grow Medium (Coconut Coir and Vermiculite)



Recycling used grow medium from an aquaponic system provides multiple benefits, particularly
when incorporating coconut coir and vermiculite into a composting system. An added advantage
is that this material can be repurposed directly into on-farm compost, reducing waste while
improving soil health. Rather than discarding spent grow medium, our farm has integrated it into
our composting process, where it enhances soil structure, moisture retention, and nutrient
cycling. This approach not only supports the long-term sustainability of the aquaponic system
but also contributes to building healthier, more resilient soils for field production.

1. Organic Matter Contribution

Coconut coir is a biodegradable, fibrous material that adds organic carbon to compost,
promoting microbial activity essential for breaking down organic waste. When mixed with food
scraps, plant residues, and fish waste from the aquaponics system, it accelerates
decomposition and enriches the final compost with beneficial microorganisms.

2. Improved Moisture Retention

Both coconut coir and vermiculite have high water-holding capacities, which help regulate
moisture levels within the compost pile. This prevents excessive drying, maintaining optimal
conditions for microbial activity and decomposition. When later incorporated into soil or planting
beds, compost containing these materials enhances water retention, reducing irrigation needs
for crops.

3. Aeration and Soil Structure Enhancement

Vermiculite, a naturally occurring mineral, improves aeration in compost by preventing
compaction. When blended with coconut coir, it helps create a light, well-structured compost
that promotes root development and reduces the risk of waterlogging in planting beds.

4. Nutrient Cycling and Slow-Release Fertility

As the composting process breaks down organic materials, coconut coir acts as a nutrient
reservoir, slowly releasing nitrogen, phosphorus, and potassium. Vermiculite’s cation exchange
properties further aid in retaining essential nutrients, making them available for plants over an
extended period. This reduces dependency on synthetic fertilizers while improving soil fertility.

5. Sustainable Waste Management and Farm Application

Repurposing used grow medium reduces waste and maximizes resource efficiency within the
aquaponic system. Instead of discarding spent coir and vermiculite, our farm found a practical
use by integrating it into compost that was later applied to garden beds. This not only improved
soil quality but also provided a sustainable amendment for community farming projects. The
repurposed material contributed to healthier, more resilient crops while supporting a closed-loop
system that minimized waste and enhanced soil regeneration.



Integrating coconut coir and vermiculite into a composting system enhances soil quality,
promotes sustainability, and improves water and nutrient management. By repurposing used
growing media, our farm successfully reduced waste while creating high-quality compost that
supported both our own production and broader community agriculture effort
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