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Abstract 

Small scale remote aquaculture practices have been going on around the world for thousands of 

years. Trends in recent decades show that the aquaculture industry has been growing steadily, 

reaching a global state, and contributing significantly to the world supply of aquatic products. It 

is believed that aquaculture could offer the solution to the current problems of overexploitation 

of the world‘s oceans by commercial capture fishing techniques. However, commercial 

aquaculture practices are still in their early years, and contain problems of their own. These 

problems are starting to slow the growth of the aquaculture industry. The present thesis aims to 

review the current state of the aquaculture industry and the different techniques used to farm 

aquatic organisms for global distribution. The issues surrounding these techniques will be 

discussed followed by viable solutions currently being investigated and employed. The state and 

techniques for commercial capture fisheries are also reviewed to provide a clear picture to why a 

sustainable alternative to capture fisheries need to be developed. 
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1. Introduction 

Aquaculture is defined as the rearing of aquatic plants and animals through some kind of human 

intervention. It is possible to grow both freshwater and saltwater organisms. The majority of the 

world‘s aquaculture production comes from algae, molluscs, crustaceans, and finfish. There is 

also some production of rooted aquatic plants, echinoderms, tunicates, amphibians, and reptiles.  

These plants and animals are produced for human food, as ornamentals, and as a source of 

nutritional supplements and pharmaceuticals. They are also produced as a food source for other 

aquaculture organisms (Stickney, 2005).  

Aquaculture has a long history. It is widely acknowledged that aquaculture was first started in 

China around 4,000 years ago with the culture of Cyprinidae (see ―Scientific name glossary‖ for 

common names). Europe also developed Cyprinidae culture during the middle ages. Oyster 

culture date back to the days of the Roman Empire and shrimp were being produced in China by 

730 AD. Native Hawaiians developed a primitive form of aquaculture several hundred years ago 

by constructing fishponds (Stickney, 2005). 

The basis for modern day aquaculture knowledge and technology were developed around 1871 

when Spencer F. Baird convinced congress to create the US Fish and Fisheries Commission in an 

attempt to rebuild wild fisheries that have been damaged since 1750 by overfishing. Many of the 

world‘s leading fish culturists were enlisted to learn how to spawn an array of fish and 

invertebrates in order to restock the wild populations of the nation. Their attempts to restock the 

ocean through the release of farmed eggs or newly hatched larvae failed and in most cases all 

they did was provide the wild fish population with food. But in the process a greater 

understanding on how to breed commercially and recreationally important species was 

developed (Stickney, 2005).  

The origins of modern day commercial aquaculture can be attributed to several countries and 

decades within the 20
th

 century. In Japan, for instance, commercial shrimp aquaculture was 

developed during the 1930‘s. Although it was not until the 1980‘s that the industry began to 

develop significantly. Critical information was developed in Japan, Taiwan, the United States, 

and other nation that was able to move shrimp farms beyond the research and demonstration 

phase (Stickney, 2005). 

Commercial aquaculture developed rapidly and began making significant contributions to the 

world‘s food fish supplies during the late 1960‘s and 1970‘s (Stickney, 2005). Now people do 

not have to rely solely on commercial capture fisheries, which are having many negative effects 

on the ocean‘s ecosystems, for their food fish needs.  

The present thesis research aims to review the aquaculture industry, compare it to the fishing 

industry, and to see if it is possible for aquaculture to be a cleaner, safer, and more sustainable 

alternative to fisheries. 

To get a clear picture whether aquaculture can provide a sustainable alternative to capture 

fisheries, several questions need to be answered. These questions are:  

- Which are the different techniques used to farm in aquaculture? 

- What is the state of the aquaculture industry? 

- Which are the problems affecting current farming techniques? 

- Which are the solutions being developed or employed to solve aquaculture problems? 

- Which are the different techniques used in capture fisheries? 

- What is the state of capture fisheries? 

In the discussion the main question will be answered, which is: 

- Can aquaculture provide the solution to global overexploitation by capture fisheries? 
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2. Which are the different techniques used to farm in aquaculture?  

Following are the farming techniques currently being employed in aquaculture to grow various 

aquatic organisms for the global market. The techniques are followed by a short description of 

what problems they are associated with. These problems are further discussed in more detail in 

chapter 4 (page 8) of this thesis. 

a. Open net pens & cages: Open net pens and cages are used to enclose fish in offshore 

coastal areas and in freshwater lakes. Salmon and Thunnus spp. are usually raised in net pens or 

cages. 

Problems: The polluting and eutrophication of wild habitats can occur by cultured fish waste 

which passes freely into the surrounding environment.  Escaped farmed fish pose a threat to wild 

fish populations by competing for resources and interbreeding with wild fish, which 

compromises the hardiness of the wild population. Diseases and parasites may also harm wild 

fish living near or swimming past net pens. Using antibiotics to treat disease and parasites can 

lead to the development of resistant bacterial strains (Anon, 2008). 

b. Ponds: Ponds are used to enclose fish in coastal or inland bodies of water. This can be 

done for both fresh and saltwater organisms. It is possible to contain the waste water produced in 

ponds and treat it. The most common organisms raised in ponds are shrimp, catfish and tilapia. 

Problems: Waste water that is not treated, and then discharged into the surroundings can pollute 

the environment and contaminate groundwater. Construction of ponds in mangrove forests has 

also destroyed more than 1.5 million hectares of coastal habitat. These habitats are important to 

fish, birds and humans (Anon, 2008). 

c. Raceways: Raceways are channels containing fish. The water for these raceways is 

diverted from a waterway, like a stream or well, and is usually treated before being diverted back 

into a natural waterway. Oncorhynchus mykiss is commonly raised in raceways. 

Problems: Untreated waste water can contaminate waterways and spread diseases. It is also 

possible for farmed fish to escape. These escaped fish can compete with wild populations for 

natural resources and interbreed with wild fish, compromising the hardiness of wild populations 

(Anon, 2008). 

d. Shellfish culture: Shellfish are grown on beaches or suspended in water by ropes, plastic 

trays or mesh bags. All that is required to grow these shellfish, which are filter feeders, is clean 

water. Oysters, clams and mussels are cultured using these methods. 

Problems: Filter feeders can cleanse nutrient rich water. Also high density farming in areas with 

little current can lead to accumulation of waste (Anon, 2008). 

e. Recirculating systems: Recirculating systems are closed tanks systems for raising fish. 

Water is treated and kept recirculating through the system. Morone saxatilis, along with several 

salmon and sturgeon species are few of the many finfish species that can be raised in this system. 

Problems: Recirculating systems solve most of the environmental problems posed by other fish 

farming techniques, such as water treatment and escaped fish. The problem is that they are costly 

operations and rely on electricity or other power sources (Anon, 2008). 
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3. What is the state of the aquaculture industry? 

Aquaculture is a relatively new way of supplying the human population with their fish and 

fishery product needs on a global scale. There has been a steady increase in the contribution of 

aquaculture to the global supply of many aquatic products (Fig. 1). There has been an average 

annual growth rate of 7% in the per capita supply from aquaculture since 1970. The per capita 

production has therefore easily outpaced the world‘s population growth, increasing from 0.7 kg 

in 1970 to 7.8 kg in 2006 (FAO, 2008). 

In total, aquaculture accounted for 47% of the world‘s fish food supply in 2006. The grouping of 

aquaculture production by aquatic environments gives the freshwater environment a contribution 

of 58% by quantity and 48% by value. Marine environments contribute 34% by quantity and 

36% by value. A major part of the marine production is high-value finfish, but it also consists of 

a large amount of relatively low-priced mussels and oysters. Brackish-water production 

represents the remaining 8% of production and 16% of value. This reflects the importance of 

high-value crustaceans and finfish (FAO, 2008). 

Since the year 2000, brackish-water production has seen the highest growth in terms of quantity 

with a growth rate of 11.6% per year. However, the increase in value has stagnated at 5.9%. The 

average annual increase in aquatic products from freshwater environments has been 6.5% by 

quantity and 7.8% by value. The average increase from marine environments was 5.4% for 

quantity and 8.3% for value (FAO, 2008). 

Output from freshwater finfish production in 2006 amounted to 27.8 million tons. This 

represents more than half of global aquaculture production and is worth 29.5 billion U.S. dollars. 

Molluscs accounted for 14.1 million tons and hold the second-largest share with 27% of total 

production worth 11.9 billion U.S. dollars. Crustacean production held a much smaller amount in 

terms of quantity which was 4.5 million tons, but was worth significantly more reaching a value 

of 17.95 billion U.S. dollars (FAO, 2008). 

Aquaculture now contributes a high percentage of the total global market production of many 

aquatic organisms (Fig. 2). The wild stocks of many marine species are small or declining giving 

cultured marine species a relatively high commercial value. Even though the overall share of 

farmed marine finfish production has stayed quite low, they still frequently dominate the marine 

finfish market. In fact, for species such as the Lateolabrax japonicus, Sparus aurata, Sciaenops 

ocellatus, and Paralichthys olivaceus, the amounts now produced through aquaculture are higher 

than the past highest catch recorded by capture fisheries (FAO, 2008).  

It is clear that aquaculture production is playing an ever increasing role in satisfying the demand 

for human consumption of fish and fishery products. Major increases in the quantity of fish 

consumed in recent years can be attributed to aquaculture. In 1986, the average contribution of 

aquaculture to per capita fish available for human consumption was 14%. This has risen to 30% 

in 1996 and to 47% in 2006. It is thus expected for aquaculture to provide the further growth in 

availability of fish for human consumption (FAO, 2008). 

However, growth rates for aquaculture production are slowing. This is due to public concerns 

about aquaculture practices and fish quality. Aquaculture production for a global market is still a 

fairly new practice. It is important to know what the issues that are surrounding aquaculture. 

Finding solutions to these problems will be the next step in making aquaculture a sustainable 

form of supplying the world with its aquatic product needs (FAO, 2008). 
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Fig. 1 The global aquaculture production values for the major species groups in million tonnes between 1970 and 
2006 

 

Fig. 2 The percentage for the total global production of the major species groups produced by aquaculture between 

1970 and 2006 
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4. Which are the problems affecting current farming techniques? 

There are several problems associated with the different techniques used to farm aquaculture 

organisms. All these issues could have serious consequences for the environment and solutions 

must be found for them if the aquaculture culture industry is to continue its growth. 

a. Pollution: Coastal aquaculture ponds and net pen cages are a major source of organic and 

inorganic pollution for coastal areas that are undergoing these practices. Pollution occurs through 

the release of untreated waste water laden with uneaten fish feed (waste feed) and faeces (Naylor 

et al., 2000). Experiments in a Salmo salar farm concluded that approximately 8 % of the total 

amount of organic matter dispensed to the farmed salmon end up as waste feed and the faecal 

organic matter wastes account for 11%. Hence around 19% of the total organic matter in the fish 

feed used may end up in the natural environment (Cai et al., 2007). Pollution problems are most 

severe in shallow or enclosed water bodies. They are also serious in areas where intensive 

aquaculture practices are concentrated (Naylor et al., 2000). The Xiangshan Harbour, for 

example, is a Chinese cage culturing site that is a long and narrow, semi-enclosed embayment. It 

is one of the most important aquaculture areas in the Zhejiang Province. Annually, around 

15,508.97 tons of uneaten fish feed and 1,704.19 tons of faecal matter are released into the 

environment in the vicinity of the Xiangshan Harbour. This discharged waste is already 

responsible for exceeding the environmental carrying capacity of nitrogen and phosphorus (Cai 

et al., 2007). The degree of impact to the natural community and habitat is influenced by a 

combination of factors such as production levels, feed characteristics (including ingredient 

composition and digestibility as well as physical characteristics such as pellet length and 

diameter), feeding efficiency, bathymetry, circulation, and the assimilative capacity of the 

benthic environment. The impacts themselves occur over a range of space and time scales. These 

include alterations to ecosystems caused by the enhanced release of nutrients and carbon to the 

water column, organic wastes to the sediments, discharge of contaminants, therapeutants, and 

cross-transmission of pathogens and parasites (Cai et al., 2007). 

b. Escapes: Aquaculture activities may have severe effects on the environment whenever 

farmed fish escape from their cages. Fish escape whenever a weak spot appears in their cages or 

through episodic events such as storms (Naylor et al., 2005). Salmo salar has been escaping 

frequently from net pens for many years. Over 40% of Salmo salar caught by fishermen in the 

North Atlantic Ocean originated from salmon farms (Naylor et al., 2000). Much of what is 

known about the effects of escaped fish on the surrounding ecosystem is derived from 

observations based on salmon escapees.  

Escaped fish don‘t often survive in the wild, but the probability of invasion success increases 

with repeated introduction. Repeated escapes are a by-product of large scale industrial 

aquaculture and increase the likelihood of escapees being present in the wild whenever condition 

favours colonization (Naylor et al., 2005).  

Farmed fish present in the wild have the ability to affect population density, alter the frequency 

of competitive interactions, levels of food availability, and functional response to predators. 

Introduction of fish species into regions where such species have previously been absent can lead 

to the restructuring of food webs as the flow of nutrients is altered. The potential for competition 

is significant because the diet and habitat choice of farmed and hybrid juveniles often overlap 

with those of their wild conspecifics and with those of juveniles from related and unrelated 

species. Farm juveniles frequently outgrow wild juveniles reflecting the artificial selection for 

growth by farmers and thus giving escaped juveniles a competitive edge. The genetic effects of 

escaped fish on natural populations are unpredictable for each separate event. They may vary 
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from no detectable effects to complete introgression or character displacement. However, when 

genetic effects on performance traits have been detected, they always appear to be negative in 

comparison with the traits of unaffected native populations. Mixing of gene pools could occur if 

offspring from interbreeding wild and farm fish have the ability to reproduce. This could 

eventually lead to a wild population composed entirely of individuals descended from farm 

escapes, which in turn would result in an irreversible loss of the unique genetic diversity of the 

wild fish and hence of their capacity to adapt to environmental change (Naylor et al., 2005). 

c. Habitat destruction: Fish and shrimp ponds are responsible for the transformation of 

thousands of hectares of mangroves and coastal wetlands. This transformation ends in the loss of 

many important ecosystem services generated by mangroves. These services include the 

provision of nursery habitat, coastal protection, food control, sediment trapping, and water 

treatment. Mangrove forests also act as nurseries that provide food and shelter to many juvenile 

finfish and shellfish caught as adults in coastal and offshore fisheries. Approximately one-third 

of the yearly landings in Southeast Asia come from mangrove dependant species. Mangroves are 

also linked closely to habitat conditions of coral reefs and sea grass beds. Loss of mangrove 

forests result in an increased amount of sediment being carried onto downstream coral reefs. The 

loss in wild fisheries stocks due to habitat destruction associated with shrimp farms alone is 

large. An estimated 400 grams of fish and shrimp are lost from capture fisheries per kilogram of 

shrimp farmed in Thai shrimp ponds developed in mangroves. The net yield from these shrimp 

farms are very low if the full range of ecological effects associated with mangrove conversion 

are taken into account. Building aquaculture ponds in mangrove areas transforms mangroves 

from a common property resource available to multiple users to a privatized farm resource 

(Naylor et al., 2000). 

d. Disease & antibiotics: Emerging diseases can hinder the development of new aquaculture 

industries in many countries causing severe financial losses through decreased production of 

farmed organisms or increased production costs. They can also have serious impacts on wild 

populations. For example, much of the European crayfish population has been eradicated by the 

introduction of a crayfish plague from the USA (Murray et al., 2004). 

An emerging disease is defined as a new disease, a new presentation of a known disease or an 

existing disease that appears in a new geographical area. Many new diseases have been 

discovered since the emergence of aquaculture. These pathogens range from single stranded 

RNA viruses (e.g. infectious salmon anaemia) to complex crustaceans (e.g. sea lice)         

(Murray et al., 2004). 

Infections are facilitated by different factors. Pollution, extreme temperatures, low oxygen levels, 

and overcrowding in aquaculture farms undermine the farmed organisms‘ immunity and thus 

reduce resistance to disease while also enhancing contact. High host-population densities in an 

aquaculture environment can even lead to an increased virulence in micro-organisms. The main 

way diseases are spread between countries is through the movement of live animals. Although 

the importation of fish carcasses (for human consumption or for fish feed purposes) and the 

movement of contaminated equipment can also contribute to the introduction of new pathogens 

(Murray et al., 2004). 

The use of antibiotics to minimize disease outbreaks may also have negative impacts on the 

environment. Antibiotics associated with waste feed will generally be deposited under or close to 

net pens and be available for ingestion by wild fish, and benthic suspension and deposit-feeding 

invertebrates. High levels of bacterial resistance have been found in both sediment bacteria and 

within the intestines of wild fish near aquaculture sites. Furthermore, bacterial communities 
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involved with decomposition and mineralization processes of organic matter may be negatively 

affected by antibiotics in the sediment. More water-soluble antibiotics and fish faecal matter can 

also be transported over greater distances in the water column, potentially affecting areas distant 

from the site of application (Armstrong et al., 2005).  

e. Fishmeal & fish oil (F&FO): The conversion of small wild fish into F&FO for use in 

diets for farmed fish and crustaceans has become an area of concern in the aquaculture industry. 

F&FO is produced from almost any kind of seafood, but are generally manufactured from wild 

caught, small, oily marine fish which are usually deemed not suitable for direct human 

consumption (Schipp, 2008).  

There are wide ranging and complex issues associated with F&FO use in compound aquaculture 

diets. One of the main concerns is that harvesting wild fish to feed the farmed carnivorous fish is 

wasteful because it can take many kilograms of wild fish to produce one kilogram of farmed fish. 

Conversion rates of wild fish to farmed fish range from 2:1 to values as high as 10:1. 

Aquaculture is expected to continue its rise in production in the near future. In contrast, catches 

from wild fisheries, which are the source of F&FO, are expected to remain static, or even 

decrease. This could have disastrous consequences for the ecosystem, increasing the concerns 

that aquaculture is not a net contributor to world fish supplies, but instead adding more pressure 

on wild fisheries. Given current trends, aquaculture has the potential to utilize the total annual 

fishmeal supply by 2020 and almost all of the annual fish oil supply by 2010 (Schipp, 2008). 

 

5. Which are the solutions being developed or employed to solve aquaculture 

problems? 

The evidence presented in this thesis shows that aquaculture production is currently contributing 

to the net global fish supplies, but is not yet a sustainable practice and is running the risk of not 

being able to expand any further. Aquaculture‘s potential contribution to fish supplies is severely 

diminished by the current issues affecting it. Healthy coastal and freshwater ecosystems are 

required in order for aquaculture to continue its expansion. There are several solutions currently 

being developed and utilized that may have the potential to solve problems affecting aquaculture. 

a. Integrated production systems: Multi-trophic aquaculture systems provide a solution for 

feed availability and waste management problems associated with aquaculture. These are 

systems which integrate different species into the same aquaculture system. 

In China, four widely cultivated cod species are produced in the same pond. These four species 

are Hypophthalmichthys molitrix (a phytoplankton filter feeder), Ctenopharyngodon idella (an 

herbivorous macrophyte feeder), Cyprinus carpio (an omnivorous detritus bottom feeder) and 

Hypophthalmichthys nobilis (a zooplankton filter feeder). This type of system utilizes available 

food sources and water resources more efficiently than monoculture systems with the consequent 

effect of reducing costs (Naylor et al., 2000). 

Integrated systems can also be used for high-valued organisms, to reduce effluents, diversify 

products and increase productivity (Naylor et al., 2000). These operations utilize a diversity of 

co-cultured organisms to perform different processes throughout the day. The biomass of these 

organisms should be of such proportions that their productivity and metabolic processes 

counterbalance each other. For a balanced ecosystem approach, aquaculture species with 

‗extractive‘ properties, such as seaweeds and shellfish, should be integrated with finfish 

aquaculture species. Seaweeds in both open-water and on-land aquaculture systems act as 

renewable biological nutrient scrubbers for water quality enhancement and coastal health 

improvement. They also represent marine crops of commercial value. By periodically harvesting 
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the nutrient saturated seaweed tissues for sales, a significant amount of nutrients can be removed 

from saturated water systems used in finfish aquaculture production. The re-growth of new tissue 

will continue the nutrient removal process and help avoid pronounced shifts in coastal processes 

when the carrying capacity of the environment is exceeded. Furthermore, the desirable algal 

crops compete with undesirable algal nuisances for nutrients, reducing the likelihood of 

phenomena such as green tides in the vicinity of finfish aquaculture operations. The integration 

of shellfish species in finfish aquaculture has the same effect on organic wastes as seaweeds have 

on nutrients, making shellfish another species group that should be used in multi-trophic systems 

(Chopin et al., 2007). 

b. Disease solutions: Several technical and managerial improvements have been developed 

in order to control the problem of disease and parasites associated with aquaculture.  

In farms, the infection-transmission risk from feeding fish to fish are practically eliminated by 

the use of processed fish feed. Low stocking densities may also reduce the transmission of 

existing pathogens within the farm, and may reduce the selective advantage of virulent 

pathogens. Norwegian farms have shown that the rapid removal of sick or dead stock is an 

effective means of keeping disease under control. Farms that removed dead salmon on a daily 

basis during the summer were three-times less likely to suffer an infectious salmon anaemia 

outbreak when compared to farms that removed the dead salmon less frequently. Culling of all 

stock on infected farms might also be required to prevent establishment and spread of highly 

infectious and serious diseases (Murray et al., 2004). 

The spread of pathogens between farms can be minimized through the use of effective bio-

security measures. These measures include minimizing the exchanges of stock, personnel, and 

equipment between farms. It is also important to disinfect vessels travelling between farms and 

to use netting to prevent scavenging by sea birds and other wildlife (Murray et al., 2004). 

Transmission through the water column can be limited by applying a minimum separation 

distance between farms and larger ‗firebreaks‘ between regions (Murray et al., 2004).  

Disease control strategies work better when they are applied in collaboration with neighbouring 

farms. Management agreements are therefore an essential tool in risk mitigation (Murray et al., 

2004). 

High bio-security standards are also required at hatcheries and slaughterhouses that have contact 

with many farms in order to reduce the risk of widespread infection transmission. 

Slaughterhouses can also pose a local risk if the effluent is not disinfected properly in order to 

kill pathogens (Murray et al., 2004).   
c. Fish feed solution: Feed is currently the largest production cost for commercial 

aquaculture (Naylor et al., 2000). It is a fact that the wild feed source is finite. There are two 

alternatives to what can be done in order for the aquaculture industry to continue to grow. The 

industry must either move towards the production of low F&FO consuming herbivorous species 

or use sustainable alternatives and supplements to F&FO on a wide scale for the farming of 

carnivorous species. The shift towards the production of only herbivorous and omnivorous 

species seems unlikely due to the fact that existing consumer preference in some countries (e.g. 

Western Europe, USA, Australia) is towards ‗high end‘ marine carnivorous fish (Schipp, 2008). 

The goal is to find alternative feed sources that are sustainable and have all the necessary 

nutrients and qualities of fish feed and fish oil while minimizing undesirable side effects. These 

side effects include slower growth, decreased animal health and changes to the nutritional 

content of the end product (Schipp, 2008).  
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Research to find alternatives to F&FO has already established that much if not all of the fish oil 

used in the production of salmon, sea bream and sea bass can be replaced with a blend of 

vegetable oils, without negative effects on the growth performances of any of the species. 

Fishmeal can now be replaced with protein derived from many non-fish sources. These include 

by-products from land animal processing, microalgae, plants, zooplankton, insects, and bacteria. 

Microalgae seem to be a very promising alternative because they are easy to grow in large 

quantities. Some microalgae even have high protein content and could be rich in omega 3 fatty 

acids (Schipp, 2008). 

Improving feed efficiency is also important in the aquaculture industry (Naylor et al., 2000). 

Increased feeding efficiencies helps with the sustainability of the world‘s F&FO supplies, while 

supporting the growth of farmed fish production. Reduction in feed wastage and improvement in 

the food conversion efficiency of farmed fish are all the result of improved species specific feed 

formulations, better pelleting technology, better distribution systems and better on-farm feed 

management(Schipp, 2008). 

 

6. Which are the different techniques used in capture fisheries? 

There are currently several methods in use for capturing different types of fish and other aquatic 

organisms for human necessities. These methods have been updated and refined in the past in an 

attempt to lower their negative environmental impact on the ocean, but had no significant effect. 

These commercial fishing techniques will now be discussed along with their corresponding 

environmental issues. 

a. Dredging: Dredges are used to catch bottom-dwelling shellfish. Fishermen use their boat 

to drag a heavy frame with a mesh bag attached (dredge) along the seafloor. As the dredges are 

dragged, it stirs up shellfish, which flow into the bag. The mesh stops the shellfish but let water, 

sand or mud pass through. Scallops, clams, oysters and other shellfish that live on or burrow into 

the seafloor are caught by dredgers. 

Problems: Dredges cause a significant amount of damage to the sea floor when dragged along 

substrates comprised of gravel and rock. This damages the habitat for many organisms which 

live in those areas. Dredges also remove and smother a variety of flora and fauna by smoothing 

out sandy and muddy bottom habitats. Other marine organisms of no interest to the dredgers, 

such as fish and sponges, are also unintentionally caught as by-catch and don‘t usually survive in 

the weight of the heavy bags (Anon, 2008). 

b. Gillnetting: Gillnets are curtains of netting which are hung at various depths in the water 

column. They can be suspended by a system of floats and weights, or anchors. Fish cannot or 

barely see these nets as they swim through the mesh space, which are only large enough for their 

heads. The fish are caught when they try to back out and get their gills entangled in the net. 

Small fish like sardines are caught with nets that have a small mesh. Larger fish such as salmon 

and cod are caught using a larger mesh size, allowing smaller species groups to pass through. 

Problems: Gillnets anchored to the seafloor can cause habitat damage as they are hauled in and 

become tangled on corals and rocky bottoms. Gillnets also entangle a large number of marine 

mammals, sea turtles, and other marine life resulting in a significant amount of by-catch (Anon, 

2008). 

c. Longliners: Longliners use a central fishing line that range from 1 to over 80 kilometres. 

Smaller lines of baited hooks are attached at spaced intervals and dangle from the central line. 

Longliners leave their lines in the water to attract fish and return after a while to haul in their 

catch. Open ocean pelagic fish such as Thunnus spp. and Xiphias gladius are caught by hanging 
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the hooks near the sea surface. Demersal species groups such as cod and halibut are caught by 

floating the hooks just off the seafloor. 

Problems: Pelagic longlines are harmful to a variety of open ocean swimmers which are caught 

as by-catch. These organisms include sea turtles, sharks and other fish. Sea birds are also harmed 

by longlines as they dive for the bait, get ensnared on the hooks, and drown (Anon, 2008). 
     d. Purse seining: Purse seine‘s are large walls of netting used to surround schools of fish. 

The bottom of the net is pulled closed by fishermen once the fish school is encircled. The net is 

then either hauled aboard or brought alongside the boat to scoop out the fish using smaller nets. 

Purse seining is used to catch schooling fish, such as sardines and Thunnus spp., or fish that 

gather to spawn, like squid. 

Problems: Dolphin‘s are frequently caught as by-catch while purse seining for Thunnus spp. due 

to the fact that Thunnus spp. often travel below dolphin schools. Other organisms such as sharks 

and sea turtles are also caught as by-catch during purse seining (Anon, 2008). 

e. Traps & pots: Traps and pots are cages made out of wire or wood used to attract and hold 

fish alive until the fisherman return for their catch. The traps and pots can be baited and usually 

lie on the ocean floor. Fishermen locate their traps by floating buoys that are attached to the 

traps. Several crustaceans, such as lobster, crabs, and shrimp are mainly caught using traps and 

pots. Bottom-dwelling fish, such as Anoplopoma fimbria or Sebastes spp. are also fished for 

using cages. 

Problems: Large ocean swells and tides can make the cages bounce around the seafloor causing 

damage to the seafloor habitats. Damage can also be done by hauling a row of traps, causing the 

cages to drag along the seafloor (Anon, 2008).  

f. Trawling: Trawlers tow a cone-shaped net behind a boat. The trawl nets can be towed at 

various depths, ranging from just below the surface to just above the seafloor. Bottom trawl nets 

can also be dragged along the seafloor. Mid-water trawlers catch schooling fish such as sardines. 

Fish that live on or near the seafloor, like Gadus spp., are caught by bottom trawlers. 

Problems: Sea turtles, juvenile fish and other unwanted organisms are often by-catch of pelagic 

trawlers. Fish habitat can also be destroyed by dragging nets along the sea floor (Anon, 2008).  

The direct issues related to capture fishery techniques are by-catch and habitat destruction. There 

are no detailed estimates of by-catch available, but a crude estimate suggests that it could be 

more than 20 million tons globally. This is equivalent to 23% of marine landings. Global 

awareness of by-catch has produced some solutions, resulting in reduced mortalities of sea turtles 

and birds, but economically and ecologically important, less-charismatic by-catch organisms 

(including juveniles) have yet to be treated. They remain a source of unregulated and unreported 

fishing mortalities in many fisheries (FAO, 2008). It is further also unclear how much of the 

seafloor habitats have been destroyed on a global scale. Estimates indicate that in the United 

States over 230,000 square nautical miles of seafloor has been altered by bottom trawls alone. 

This is an area greater than the state of California (Chandler et al., 2005) 
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7. What is the state of capture fisheries? 

Inland and marine fisheries have been the main source of the world‘s fish food needs throughout 

human history. It was commonly believed up to the 1950‘s that the ocean is an inexhaustible 

source for food. We now know that this is not the case. The Food and Agricultural Organization 

reported in their global fisheries statistics a decline in mean trophic level of species important to 

fisheries between 1950 and 1994. This means that there has been a gradual shift in landings from 

long-lived, high trophic level, piscivorous bottom fish towards short-lived, low trophic level 

invertebrates and planktivorous pelagic fish. The cause for the transition to lower trophic levels 

is believed to be the overexploitation of higher trophic level species. Fishing at lower trophic 

levels first leads to an increase in catches, followed by a phase transition associated with 

stagnating and even declining catches. These results could be an indication towards the 

unsustainable pattern of present day exploitations (Pauly et al., 1998). The stocks of today‘s ten 

most important commercial marine fish species are either fully exploited or overexploited     

(Fig. 3). These species account for 30% of the world marine capture fisheries production and are 

not expected to increase in catches (FAO, 2008).  

The current exploitation state of global world marine fishery resources is alarming. The 

proportion of underexploited or moderately exploited stocks has declined linearly from 40% 

during the 1970‘s to 20% in 2007 (Fig. 4). The underexploited stocks now constitute 2% of the 

global stocks and the moderately exploited stocks make up 18% of the global stocks and could 

perhaps produce more. The proportion of fully exploited stocks has remained steady at 50% 

since the 1970‘s. These stocks have no room for expansion and are producing catches at or close 

to their maximum sustainable limits. The value for overexploited, depleted or recovering stocks 

was 28% in 2006. From those 28%, overexploitation represented 19%, depleted 8% and 

recovering from depletion 1%. These stocks now yield less than their maximum potential and 

have no possibilities in the near future of further expansion. They also have an increased risk of 

further declines and need of rebuilding. These systems owe their current damaged state to excess 

fishing pressure in the past (FAO, 2008). 

The combined stock percentages from earlier observations reinforce the fact that the maximum 

wild capture fisheries potential from the world‘s oceans has probably been reached. 

Nevertheless, fish consumption has been increasing steadily for the past 40 years. The average of 

the world‘s fish consumption per person was 9.9 kg in the 1960‘s and reached an all time high of 

16.4 kg in 2005. While fish supply from wild capture fisheries has stagnated, the demand for 

fishery products is still on the rise (FAO, 2008).  
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Fig. 3 Total marine capture fisheries production for the top ten species in million tonnes for the year 2006 

 

 
Fig. 4 Percentages for the different exploitation states of the world marine stocks between 1974 and 2006 
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8. Discussion  

The global stocks of many marine organisms important to human needs and activities are either 

being fully exploited or overexploited by commercial capture fisheries. Issues such as by-catch 

and habitat destruction place even more pressure on these stocks, making further growth in 

production values impossible. At the same time the global need for those same organisms are on 

the rise. There have been a few innovations made in the past in an attempt to lessen the negative 

effects capture fisheries are having on the world‘s oceans, but the improvements made were not 

significant enough to turn capture fisheries into a sustainable practice. The only viable option for 

relieving the stress placed on global aquatic stocks seems to be aquaculture. Many species which 

are currently being overexploited by capture fisheries are now also grown in aquaculture farms. 

Aquaculture production values for several species are now higher than any past capture fishery 

production values for those same species. Global industrial aquaculture practices are still in their 

early years and they are contributing to the many problems affecting the environment, making 

current aquaculture practices an unsustainable way to produce fish and other aquatic organism. 

Different techniques have already been developed to improve aquaculture production and to 

decrease the negative impacts it has on the environment. These techniques seem to work, but 

more time is needed before it is definitely known whether they are effective. It is further unclear 

what other problems aquaculture activities might develop or confront in the future. What is 

known with certainty is that future stocks of many aquatic species important to humans are in 

danger of collapsing and further aquaculture research and development programs are needed if 

aquaculture is to stand any chance of providing the world with a sustainable form of obtaining its 

future needs for fish and other aquatic supplies. 
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Scientific name glossary (In order of appearance)   

Scientific name Common name Page 

Cyprinidae Carp 3 

Thunnus Tuna 3 

Oncorhynchus mykiss Rainbow trout 4 

Morone saxatilis Striped bass 4 

Lateolabrax japonicus Japanese sea perch 5 

Sparus aurata Gilt-head bream 5 

Sciaenops ocellatus Red Drum 5 

Paralichthys olivaceus Bastard halibut 5 

Salmo salar Atlantic salmon 7 

Hypophthalmichthys molitrix  Silver carp 9 

Ctenopharyngodon idella Grass carp 9 

Cyprinus carpio  Common carp 9 

Hypophthalmichthys nobilis Bighead carp 9 

Xiphias gladius Swordfish 11 

Anoplopoma fimbria Sablefish 12 

Sebastes Rockfish 12 

Gadus Cod 12 

 
 

 


