
Aquaculture Overview 
 
 
What is Aquaculture? 
Aquaculture -- also known as fish or shellfish farming -- refers to the breeding, rearing, 
and harvesting of plants and animals in all types of water environments including ponds, 
rivers, lakes, and the ocean.  Researchers and aquaculture producers are "farming" all 
kinds of freshwater and marine species of fish, shellfish, and plants.  Aquaculture 
produces food fish, sport fish, bait fish, ornamental fish, crustaceans, mollusks, algae, sea 
vegetables, and fish eggs. 
 
Aquaculture includes the production of seafood from hatchery fish and shellfish which 
are grown to market size in ponds, tanks, cages, or raceways.  Stock restoration or 
"enhancement" is a form of aquaculture in which hatchery fish and shellfish are released 
into the wild to rebuild wild populations or coastal habitats such as oyster reefs.  
Aquaculture also includes the production of ornamental fish for the aquarium trade, and 
growing plant species used in a range of food, pharmaceutical, nutritional, and 
biotechnology products. 
[http://www.nmfs.noaa.gov/aquaculture/what_is_aquaculture.html] 
 

• 40% of all fish products worldwide 
• Fastest growing sector of US food economy – 400% increase in past 20 years 
• U.S currently imports 78% of its seafood 
• 75% of world wild fisheries are fully or overfished 

Negative Impacts 
• Escaped fish: spread disease/parasites; compete with wild stock 
• Water quality: waste; chemicals (hormones, antibiotics, pesticides, herbicides) 

 

 
Conceptual Offshore Sustainable Aquafarm 

[http://www.whoi.edu/fileserver.do?id=6798&pt=2&p=9550] 



Types of Aquaculture 
 
Aquaculture species can be produced in marine or freshwater environments using various 
production systems. 
 
Some systems, such as those containing animals in ponds, tanks, aquaria or raceways, can 
incorporate water-recirculating systems that reduce the reliance on large quantities of 
water to maintain water quality and the health of cultured organisms.  Marine aquaculture 
systems include: 
 

• Sea ranching - Sea ranching is a culture method whereby juvenile animals, 
generally produced in hatcheries but could also be wild-caught, are introduced 
into the natural environment and allowed to grow without containment structures. 
The environment provides the animals with everything they need and no 
additional feed is required. 

• Surface lines - Rack and line aquaculture is a collective term that involves 
growing primarily filter-feeding animals, such as edible oysters, pearl oysters and 
sponges, on structures placed in the water column, but without any addition of 
feed. Surface line culture is generally used to grow shellfish - such as pearl 
oysters, scallops and mussels - tunicates, seaweeds and sponges in panel-style 
baskets, small cages (e.g. lantern nets, pearl nets), or on ropes that are suspended 
below floating surface lines. 

• Subsurface lines - Subsurface line culture, used for culturing pearl oysters or 
scallops, is similar to surface line culture except the horizontal mainlines and 
suspended culture panels are positioned well below the surface.  Benefits of this 
type of configuration are reduced agitation of the cultured animals from wave 
action and allowing vessels to motor freely over the top of the farm. 

• Racks - Oysters are suspended from small platform structures or post-and-line 
structures that are placed in the inter-tidal zone. Oyster racks are usually a 
combination of wood and plastic and are about the width of a walkway. 

• Sea cages - Sea cages are a common production technology used for intensive 
marine aquaculture of finfish.  Species grown in sea cage systems include: 
Atlantic salmon, trout, southern bluefin tuna, cobia, mulloway, barramundi, and 
snapper. 

• Ponds - Purpose-built earthen ponds, constructed on coastal lands or adjacent to 
the estuarine parts of river systems, are used for the intensive culture of marine 
prawns and fin fish. Saline water is pumped onto the farm where it is then gravity 
fed to a series of production ponds. 

• Hatcheries - Marine hatcheries are involved in producing a diverse range of 
species for both the commercial aquaculture industry for on-growing as well as 
for the aquarium trade. Some grow-out aquaculture operations produce juveniles 
in their own hatchery facilities, while other growers rely on stock produced by 
independent hatcheries. 

 
https://www.daf.qld.gov.au/fisheries/aquaculture/overview/types 
 



Open Aquaculture Systems: Sea-cage (active feeding) 
Open sea-cage aquaculture refers to the rearing of aquatic species, within enclosures in 
natural waterways. Open systems are being implemented in a wide range of environments 
including freshwater rivers, brackish estuaries and coastal marine regions. Floating mesh 
cages are anchored to the seafloor and vary in size depending on the scale of operation 
and the species cultured. 
 
Juvenile stock is sourced either from hatcheries or wild populations, and grown out in 
pens until a marketable size has been reached. Finfish grown in open systems are 
primarily carnivorous species, which are fed on a diet of fishmeal (pellets comprising 
small schooling fish species). Some rapidly developing open systems include yellowtail 
kingfish, southern bluefin tuna, Atlantic salmon, trout and barramundi. 
 
There are numerous concerns associated with the expansion of open sea-cage 
aquaculture. One of the primary objections relates to the requirement of fishmeal to feed 
carnivorous species. In some cases the conversion ratio may be in the order of more than 
5kg of fishmeal to produce just 1kg of marketable fish. Other significant issues include 
increased disease and parasite transmission due to high fish densities, the risk of escape 
and interbreeding with wild populations, and reduced water quality resulting from the 
accumulation of fecal waste. 
 



Open Aquaculture Systems: Sticks, ropes, racks and cages (passive feeding) 
The culture of numerous shellfish species is carried out in systems open to natural 
waterways. Larval stages may be collected from the wild or produced in hatcheries. 
These are then placed into the water column by methods including attachment to sticks or 
ropes, or containment in cages. The main species cultured with these methods are 
mussels and oysters. As these species are filter-feeders, they are capable of extracting 
nutritional requirements from the water column, with no fishmeal being added. 
 
The farming of mussels, oysters and other filter feeders can be considered sustainable 
methods of aquaculture. There is minimal impact on marine habitats or water quality 
provided water flow is sufficient. The discarding of sticks and racks may be a concern in 
some areas. 
 

 
 
 
 
 



Semi-closed Aquaculture Systems 
Semi-closed aquaculture refers to the land-based production of a species, in which water 
is exchanged between the farm and a natural waterway. Wastewater is released from the 
ponds into the local waterway, whilst the farm is replenished with fresh water pumped 
back into the system. Prawn farming is the predominant form of semi-closed aquaculture, 
also representing the most extensive use of pond systems. 
 
Semi-closed aquaculture operations can have large-scale effects on coastal ecosystems. 
As ponds require continual water exchange, they are often located adjacent to waterways, 
where coastal wetlands and mangroves are reclaimed for development. The result can be 
a vast loss of habitat, which is critical for the juvenile stage of many species. Constant 
outflow of water may also reduce surrounding water quality if not treated adequately. 
Prawns are supplemented with fishmeal (pellets comprising small schooling fish species) 
at conversion ratios generally between 1-3kg of feed to 1kg of prawns, placing continued 
demand on wild fish stocks.  



Closed Aquaculture Systems 
Closed system aquaculture refers to the land-based rearing of aquatic species in 
raceways, tanks and ponds. Recirculation technology is implemented which cycles water 
through filtration processes and returns it back into the aquaculture system. This process 
aids in maintaining water quality whilst ensuring minimal exchange with natural 
waterways. 
 
Closed system aquaculture is considered one of the more environmentally benign 
methods of rearing aquatic species. Fishmeal (pellets comprising small schooling fish 
species) may be added to feed carnivorous aquaculture species, and is a concern as it 
places continued demand on wild fish stocks.  However, there is negligible interference 
with waterways as a result of tight control over wastewater and the prevention of fish 
escape.  
 

 
 
http://goodfishbadfish.com.au/?page_id=33 



 

Over 98% of Australian Southern Bluefin tuna harvest comes from tuna 
ranching operations in South Australia where the tuna are captured live in the 

wild at around 17kg average, and then grown out in sea farms.  
[http://asbtia.com.au/industry/sustainability-of-southern-bluefin-tuna/ranching-

sustainability-sa-aquaculture-act/] 

Side view of mussel longline at showing attached lines, floats and weights 
(courtesy of John Mercer, DNRE) [http://agriculture.vic.gov.au/fisheries/policy-

and-planning/fisheries-management-plans/portland-aquaculture-fisheries-
reserve-management-plan/environmental-monitoring-of-marine-aquaculture] 



 

The mussel longline is a horizontal subsurface buoy mooring, combined with a 
suspended mussel growout harness. The longline operates in a submerged mode 

to avoid the destructive effects of surface waves. 
[http://www.whoi.edu/science/MPC/dept/research/Mussel%20Aquaculture/scoma

s_research.html] 

Oyster racks in South Australia courtesy of the 
Department of Primary Industries and Regions, South Australia (PIRSA) 

[https://adelaidefoodies.com/2014/05/16/world-aquaculture-conference-2014-2-
port-lincoln-eyre-peninsula/] 



 A worker stands on a mobile platform on the fish farm's sea cage off Australia’s 
Geraldton coast (photo by Kathryn Diss) [http://www.abc.net.au/news/2011-03-

01/the-sea-cage-contains-yellowtail-kingfish/2666510] 

Land-based aquaculture typically involves digging out large ponds, which are 
then filled saltwater. The easiest way to fill a pond with is to build it close to the 

sea. This land is now needed for nursery habitats, flood abatement, nutrient 
filtering, etc. and other competitive uses.  

[http://www.speakupforblue.com/predator-resistant-aquaculture] 



 
 
Aquaculture in the United States 
A compelling case can be made for growing more seafood in the United States. The 
United States is a major consumer of aquaculture products—we import 90 percent of our 
seafood, half of which is from aquaculture. Yet we are a minor producer—only 5 percent 
of our seafood supply is from domestic freshwater and marine aquaculture. Because the 
United States has imported an increasing percentage of our seafood at higher prices, the 
U.S. seafood trade deficit has grown to more than $12 billion annually. 
 
Commercial marine aquaculture, or seafood farming, in the United States consists of a 
vibrant community of producers that contribute to the seafood supply, complement wild 
fisheries, and support jobs and other economic activity in our coastal communities and 
working waterfronts. The $1 billion value of total U.S. freshwater and marine aquaculture 
production pales in comparison to global aquaculture production of $100 billion. 
Although U.S. marine aquaculture is small, it is growing at 8 percent per year and is 
poised for additional growth as oyster farming in particular continues to expand. 
 
As a complement to wild harvest fisheries, aquaculture can help meet the growing 
demand for seafood, reduce our dependence on imports, and help rebuild wild fish stocks. 
Sustainable expansion of domestic aquaculture is critical to maintaining coastal 
communities that support commercial fisheries, aquaculture, and jobs associated with the 
seafood industry. 
 
https://www.fishwatch.gov/aquaculture 
 

Marine Harvest’s new state-of-the-art RAS hatchery on Vancouver Island – one 
of the largest and most technologically advanced hatcheries on the planet – has 

been stocked with more than a million Atlantic salmon. 
[https://aquaculturedirectory.co.uk/first-fish-enter-marine-harvest-hatchery/] 



Aquaculture World Statistics 
In 2014, fish harvested from aquaculture amounted to 73.8 million tonnes, with an 
estimated first-sale value of US$160.2 billion, consisting of 49.8 million tonnes of finfish 
(US$99.2 billion), 16.1 million tonnes of molluscs (US$19 billion), 6.9 million tonnes of 
crustaceans (US$36.2 billion), and 7.3 million tonnes of other aquatic animals including 
frogs (US$3.7 billion) (see figure below). Almost all fish produced from aquaculture are 
destined for human consumption, although by-products may be used for non-food 
purposes. Given the practice by some countries of reporting to FAO post-first-sale prices 
as farmgate prices, the values of aquaculture production are likely to be overstated to 
some extent. Nonetheless, when used at aggregated levels, the value data illustrate clearly 
the development trend and the relative importance in value terms for comparison within 
the aquaculture sector itself. 
 
World aquaculture production of fish accounted for 44.1 percent of total production 
(including for non-food uses) from capture fisheries and aquaculture in 2014, up from 
42.1 percent in 2012 and 31.1 percent in 2004. All continents have shown a general trend 
of an increasing share of aquaculture production in total fish production, although in 
Oceania this share has declined in the last three years. 
 
In the decade 2005–2014, fish culture production grew at 5.8 percent annually, down 
from the 7.2 percent achieved in the previous decade (1995–2004). Inland finfish 
aquaculture, the most common type of aquaculture operation in the world, accounted for 
65 percent of the increase in fish production in the period 2005–2014. Inland finfish 
culture in earthen ponds is by far the largest contributor from aquaculture to food security 
and nutrition in the developing world, although cage culture of finfish is increasingly 
being introduced to places where conditions allow. 



 

World Aquaculture Production Volume and Value of Aquatic Animals and 
Plants (1995-2014) 

 



Climate change will have a range of impacts on aquaculture. In developing adaptation 
strategies for the sector, it is essential to understand the drivers resulting from climate 
change (biophysical changes), their pathways, their variability and the risks they pose.  
 
The main drivers that could have direct or indirect impacts on aquaculture and the 
evidence of such impacts have been well described. The drivers include warming of 
waterbodies, sea-level rise, ocean acidification, weather pattern changes and extreme 
weather events. The Fifth Assessment Report from the Intergovernmental Panel on 
Climate Change (AR5) offers evidence of the certainty of global warming and of the 
effects on oceans, coastal areas and inland waterbodies. There is high confidence that 

Production of Main Species Groups of Fish for Human Consumption from 
Inland Aquaculture and Marine and Coastal Aquaculture in 2014 



coastal systems and low-lying areas will be increasingly exposed to submergence, coastal 
flooding, coastal erosion, and saltwater intrusion. Most at risk will be the coastal systems. 
 
http://www.fao.org/3/a-i5555e.pdf 
 
 
Marine Finfish Aquaculture: Is Sustainable Regulation Attainable? 
http://www.whoi.edu/fileserver.do?id=6798&pt=2&p=9550 
 
 
 
The State of World Fisheries and Aquaculture, 2016, Food and Agriculture Organization 
of the United Nations 
http://www.fao.org/3/a-i5555e.pdf 
 


