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	The Oxford dictionary defines aquaponics as a form of aquaculture in which waste generated by farmed fish or other aquatic organisms provides the nutrients required for plants cultivated hydroponically, with those plants in turn cleansing and purifying the water.

	It brings together two well-established practices — aquaculture (the raising of aquatic animals such as fish, crayfish, or prawns in tanks) and hydroponics (the cultivation of crops in water) — within a symbiotic, or mutually beneficial, environment. In conventional aquaculture, animal waste tends to build up in the water over time, gradually raising toxicity levels. In an aquaponic setup, water from the aquaculture component flows into the hydroponic component, where nitrifying bacteria break down the recyclable waste matter. These bacteria convert the waste first into nitrites and then into nitrates, which serve as usable nutrients for plants. The water is then returned to the aquaculture component to begin the cycle again.

	Because hydroponic and aquaculture farming methods form the foundation of every aquaponic system, the scale, complexity, and range of foods that can be produced will vary just as widely as they do within either of those individual farming disciplines.

	The Ancient Origins of Aquaponics

	The idea of combining fish and vegetable production within a single integrated system is by no means a recent development. Historical precedents for this kind of unified aquaculture can be found in Mexico's Chinampa systems and in the combined rice paddy systems of various regions across Asia.

	So how did we arrive at modern aquaponics from these diverse ancient land-based practices?

	Mexico's Chinampa

	Although the term "aquaponics" itself was coined in the 1970s, the underlying practice has roots stretching back centuries — though its precise origins remain a matter of some debate.

	Among the earliest recorded examples are the lowland Maya, later followed by the Aztecs, who cultivated plants on floating rafts on lake surfaces around 1,000 A.D.

	The Aztec agricultural island network, known as chinampas, is regarded by many as the earliest documented form of aquaponics applied to food production. Chinampas consisted of interconnected canals and fixed artificial islands, where crops were cultivated on the islands using nutrient-dense mud and water drawn from the surrounding canals.

	In the early development of chinampa systems, crops were established on fixed — and sometimes movable — islands situated in shallow lake waters. The nutrient-rich byproduct that accumulated in the Chinampa canals was channeled to surrounding communities and used to water the crops growing above.

	Animal enclosures were positioned directly above fishponds so that manure could serve as a natural food source for the fish.

	Further early examples appear in South China, Thailand, and Indonesia, where the simultaneous cultivation of rice in paddy fields alongside fish is frequently cited as evidence of early aquaponic practice.

	These systems were widespread across many Far Eastern nations and included fish species such as the oriental loach, swamp eel, common and crucian carp, and pond snails raised within the paddies. Ancient Chinese farmers developed an integrated aquaculture model in which fish and crops existed together in a mutually supportive relationship.

	Ducks were housed in enclosures above finfish ponds, and the fish consumed the waste produced by the ducks. In the lower-lying ponds, catfish fed on the waste flowing down from the finfish ponds above.

	At the final stage of this system, the water draining from the catfish ponds was directed toward irrigating both rice and vegetable crops.

	The Rise of Modern Aquaponics

	In a contemporary context, aquaponics emerged largely from the aquaculture industry, as fish farmers sought ways to raise fish more efficiently while reducing dependence on land, water, and other resources.

	Traditionally, fish were raised in large open ponds or in netted enclosures along coastlines, but significant advances have been made over the past 35 years.

	Fish are now stocked at far greater densities, meaning that only a fraction of the water and space is needed to produce an equivalent volume of fish compared to pond or net-based systems.

	The downside of this intensification, however, is the substantial volume of wastewater that rapidly accumulates, along with the antibiotics required to maintain fish health — both of which carry consequences for the broader biosphere.

	The New Alchemy Institute and the Development of Aquaponics

	The term "aquaponics" is most commonly attributed to the body of work produced by the New Alchemy Institute and to the research of Dr. Mark McMurtry at North Carolina State University.

	The New Alchemy Institute was founded in 1969 by John and Nancy Todd alongside William McLarney. Their work culminated in the construction of a prototype bio-shelter known as the Ark.

	The Ark was conceived as a solar-powered, self-sufficient bio-shelter engineered to meet the year-round needs of a family of four through holistic methods that would supply shelter, vegetables, and fish.

	Concurrently, during the 1970s, researchers began investigating the use of plants as natural filters within fish farming systems. One of the most prominent figures in this field was Dr. James Rakocy at the University of the Virgin Islands. By 1997, he and his colleagues had developed the application of deep-water hydroponic grow beds within a large-scale aquaponic system.

	Around the same time, in the mid-1980s, Mark McMurtry and Professor Doug Sanders designed what is recognized as the first closed-loop aquaponic system.

	In their system, water from fish tanks was used to trickle-irrigate tomatoes and cucumbers grown in sand-filled grow beds, which simultaneously functioned as biological filters. As water drained through the sand grow beds, it flowed back into the fish tanks below.

	McMurtry's research validated much of the foundational science underlying aquaponics. The system demonstrably worked.

	The Early Momentum of Aquaponics

	The first large-scale aquaponics facility, Bio Shelters in Amherst, Massachusetts, was established in the mid-1980s and continues to operate to this day.

	In the early 1990s, Missouri farmers Tom and Paula Speraneo introduced their "Bioponics" concept. They cultivated herbs and vegetables in ebb-and-flow gravel grow beds irrigated by nutrient-rich water drawn from a 2,200-liter tank in which they raised Tilapia.

	While gravel grow beds had long been employed by hydroponic growers, the Speraneos were the first to put them to effective use within an aquaponic system — notable because, up to that point, sand had been the primary growing medium in emerging aquaponics setups.

	Their approach gained widespread traction among farmers due to its practicality and productivity.

	Aquaponics Today

	Interest in aquaponics expanded rapidly, as it offered growers a tangible means of addressing water scarcity issues and the challenges posed by poor soil conditions.

	In 2006, Joel Malcolm helped drive the movement forward by launching a widely followed forum called Backyard Aquaponics. He authored a book detailing how to build backyard aquaponic systems and how to design and market systems specifically tailored to home users.

	Malcolm currently operates a retail outlet — Backyard Aquaponics — in Perth, and serves as editor of the Backyard Aquaponics magazine, which launched in 2007.

	Another prominent figure in the field is Wilson Lennard, an experienced Austrian academic with hands-on commercial aquaponics expertise. Lennard's doctoral research focused on optimizing the aquaponic process by maximizing plant growth and nutrient removal, using the Australian Murray Cod and the Green Oak lettuce variety as his subjects. This was accomplished through a scientifically replicated experimental aquaponic system.

	Wilson demonstrated that an ideal ratio of fish to plants could be achieved, enabling the same water to be recirculated through the system indefinitely.

	This means that, when properly calibrated, no water ever needs to leave the system — making aquaponics potentially the most water-efficient food production technology available anywhere in the world today.

	Furthermore, aquaponics can have a significantly reduced environmental footprint compared to other fish production methods, largely because there are no nutrient-laden wastewater discharges leaving the system.

	Aquaponics, Sustainability, and Permaculture

	What Is Permaculture, and How Does It Work?

	When the word "permaculture" comes up, what image does it bring to mind? For many, it suggests a way of maintaining an organic food garden that is visually appealing, productive, and achievable without exhausting physical effort.

	In popular perception, permaculture tends to be understood as a system centered on organic, renewable home vegetable gardens. That interpretation is not wrong, but it represents only one dimension of a much broader concept. Permaculture encompasses considerably more than that.

	Geoff Lawton, while making the case for one of his permaculture ideas, argued that every problem in the world can be addressed within a garden — from pollution to supply chain dependencies. His concern was that a great many people remain unaware of this, and that this ignorance leaves them in a state of insecurity.

	An Overview of Permaculture

	The word "permaculture" is a deliberate fusion of "permanent" and "culture," or alternatively "permanent" and "agriculture" — a combination that already hints at what the concept involves.

	The philosophical foundations of permaculture were developed in Australia over approximately thirty years by two individuals: Bill Mollison and David Holmgren.

	Bill Mollison spent a significant portion of his life working as a wildlife biologist, which gave him direct, firsthand exposure to the destruction that human activity was inflicting on natural systems. It also allowed him to observe how natural ecosystems interact and maintain their stability over time.

	The design philosophy of permaculture today is a direct product of those observations and experiences.

	David Holmgren was one of Mollison's students, and in 1978 the two co-published their ideas in a book titled Permaculture 1. The central purpose of the work was to introduce a framework for designing human environments.

	In a subsequent book, Mollison articulated the goal as creating systems that would be both economically viable and ecologically sound — systems capable of meeting their own needs, free from pollution, and genuinely sustainable over the long term.

	A key principle of permaculture is that it draws on the intrinsic qualities of plants and animals, combined with the natural characteristics of structures and landscapes, to create systems capable of sustaining life at both urban and rural scales — using small-scale prototypes as testing grounds for broader application.

	In his writings, Mollison describes an integrated whole-systems approach that takes nature itself as its model. The underlying idea is that designing your garden or farm to resemble a natural system will reduce stress, eliminate waste, and conserve energy.

	Nature recycles without exception, keeping everything in continuous circulation. It is the ultimate and most complete recycler — in its framework, nothing is truly waste, because everything functions as a resource.

	Perhaps most importantly, nature is defined by sustainability. It is a system that sustains itself reliably over time without generating dysfunction or destabilizing the environment around it.

	What makes permaculture particularly compelling is that its principles can be applied anywhere and will yield comparable results regardless of climate or scale. While larger applications — such as housing developments or entire villages — require deeper knowledge and more thorough planning, some approaches can be quite straightforward, such as putting a small balcony or backyard to use.

	What becomes clear is that the most intensive effort in a permaculture garden is concentrated at the design and setup stage. Once a thoughtful, well-structured design is in place, the garden largely sustains itself — becoming productive, visually attractive, and naturally responsive to the animals that inhabit it.

	Permaculture, as Linda Woodrow put it, is about "saving the planet and living to be a hundred while throwing very impressive dinner parties and organizing other creatures to do most of the work."

	Incorporating Aquaponics into a Permaculture Design

	As a system, aquaponics is recognized for its ability to produce both vegetables and fish within a closed-loop environment. Although many permaculture texts make little mention of it, aquaponics has a legitimate place within permaculture design, and it can be integrated sustainably into such a framework.

	That said, aquaponics cannot serve as the sole food-producing system on its own. Within an integrated food production model, it contributes meaningfully through fish protein and vegetable output.

	Sustainable inputs can be sourced from home. For those interested in producing their own fish feed from scratch, online resources offer useful guidance. Water is another key input — anyone considering the use of hydrochloric acid in their system must ensure they are consistently using rainwater within it.

	Certain fish species drawn from rivers and lakes — such as redfin and carp — can also be incorporated into an aquaponic system. Many enthusiasts report that redfin, once purged through the aquaponic system and grown on a little further, makes for a particularly satisfying meal.

	The Sustainable Outputs of Aquaponics

	Aquaponic systems generate outputs that can serve multiple purposes, with fish and vegetables constituting the two primary products — both of which can be consumed or sold. The system also produces a fertilizer output, collected via the filters. This material needs to be periodically removed from the system in any case, as it will eventually clog the grow beds if left in place.

	This fertilizer is especially well-suited to fruit trees and wicking garden beds.

	The water collected during grow bed cleaning is another valuable nutrient source — it can be applied directly to a vegetable garden or returned to the aquaponic system.

	There is also the option of incorporating a Nutrient Film Technique (NFT) hydroponic component to make productive use of any available vertical space. The NFT setup can allow berries to grow away from pests such as slaters and slugs by routing aquaponic water through a pipe of approximately one hundred millimeters in diameter.

	Making use of vertical space is worthwhile for another reason: it increases the
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