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Abstract 

Aquaculture production is increasing rapidly as modern techniques are applied to an 
expanding range of species. One particularly adverse consequence of aquaculture is the 
impact of interactions between the organism under culture, which is often both exotic and 
invasive by nature, and the indigenous biota of the surrounding environment. Species in
teractions due to aquaculture activities may result from the attraction of local biota to 
Culture facilities, or the escape of cultured organisms, their diseases or parasites into the 
environment. The effects of species interactions can be classified as: disturbance of the 
local aquatic environment, disturbance of the surrounding biotic community, genetic degra
dation of indigenous stock, and the introduction of diseases and parasites. Drawing on the 
aquaculture experiences of developed and developing countries, this paper reviews the 
various types of species interactions and their effects on the local environment. These is
sues are discussed in terms of direct ecological effects and the human perspectives (man
agement, government, local community) pertaining to the various culture systems. Ex
amples are drawn from aquaculture activities in a range of habitats (freshwater, brackish 
water, marine), culture systems (intensive, semi-intensive, extensive), and culture facilities 
(cages, pens, ponds). Approaches to the management of invasive species are then outlined. 



Introduction 

With the declining returns of world fisheries, aquaculture is looked upon 
as a way to provide increasing quantities of aquatic product. in the future 

(Beveridge 1987). Aquaculture product.ion is increasing rapidly as modem tech
niques are applied to an expanding range of species (Pullin 1993a). Further
more, subsistence and small-scale aquaculture is oft.en the only source of ani
mal protein for people in developing countries, as well as being a potential 

met.hod for improving the standard of living of rural-based mmmunit.ies (Cvasas 
1993; Pullin 1993b). Thus aquaculture is import.ant. both as a means of provid
ing food and for improving the quality of life. 

Aquaculture activities and products from culture facilities can affect the 

environment in many ways. The principal adverse impacts include the 

lk'fhis paper is reproduced with the permissifim of the original publishers, Blackwell Science, 
Oxford. The original reference is: Arthington, A.H. and D.R. Bluhdorn (1996). The effects 
of species interactions resulting from aquaculture operations. In: Aquaculture and Water 
Resource Management (eds D.,J. Baird, M.C. Beveridge, L.A. Kelly and J.F. Muir), Chapter 
5, pp. 114-138. Blackwell Science, Oxford. 

71 



72 

destruction and fragmentation of natural habitats, changes in soil, water and 
landscape quality, changes in the abundance of species, impoverishment of 
genetic and biological diversity, and disturbance of ecosystem processes 
(GESAMP 1991; Weston 1991). The magnitude of such impacts varies with the 
nature and location of the culture system (extensive, semi-intensive, and inten
sive aquaculture in marine, brackish, and inland areas), the methods of hus
bandry used and the species under cultivation. 

Irrespective of the type of aquaculture system or management strategies 
employed, escapes into the wild are virtually impossible to prevent (Beveridge 
and Phillips 1993). Therefore, all forms of aquaculture have one impact in 
common - the adverse ecological consequences to the indigenous biota and sur
rounding environment which may arise as the result of the escape of the or
ganisms under culture (Pullin 1989; Chua 1993; Pullin 1993b). 

There is now a general appreciation that species interactions, especially 
those resulting from the establishment of self-sustaining introduced species or 
the alteration of indigenous gene pools, are potentially the most damaging en
vironmental consequences of aquaculture (Welcomme 1988; Barg 1992; Pullin, 
Rosenthal and Maclean 1993). Whereas most of the effects of aquaculture on 
local habitats and water quality can be managed or minimised by careful se
lection of sites, effluent control, and good husbandry, the management of an 
established introduced species is extremely difficult. The effects of the ensuing 
species interactions may vary from regional to continental in scale and the im
pacts on indigenous biota are usually irreversible (Weston 1991; Pullin 1993b). 

In this paper we review the major types of species interactions, with par
ticular emphasis on the ecological relationships of exotic and indigenous species, 
and the consequences for aquatic ecosystems. Principles and examples are 
drawn from inland and coastal aquaculture systems, including intensive, semi
intensive, and extensive production systems using ponds, cages, pens, and so 
on. Species interactions involving fish, molluscs and crustaceans are reviewed. 
The fundamental social and economic aspects driving aquaculture activity are 
also discussed as they relate to the various perspectives about species interac
tions and their impact on the environment. 

The concept of aquaculture used in this paper is that defined by the FAO 
(1990), and comprises the farming of stock, by intervention in the rearing pro
cess to enhance production, under individual or corporate ownership. This pa
per is therefore not explicitly concerned with species which are introduced to 
create or enhance sport and harvest fisheries. Nevertheless, we stress that the 
environmental problems presented are relevant to the management of all intro
duced species irrespective of the motives for their introduction. In any case, the 
problems of exotic and translocated species in general are thoroughly docu
mented elsewhere (e.g. Courtenay and Stauffer 1984; Bruton and van As 1986; 
Turner 1988; Welcomme 1988; De Silva 1989; Pollard 1990; Billington and 
Hebert 1991; Crowl, Townsend and McIntosh 1992). 

An exotic species is defined as one that is not native to the country under 
discussion, while an indigenous species is one which is native to that country. 
The term 'introduced species' is used more generally to refer to any species 
intentionally or accidentally released into an environment outside its natural 
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are attracted to aquaculture operations by the excess food which is generally 

available in the vicinity (Weston 1991). Enriched conditions caused by exoess food 

often produce a suooession in the abundance and diversicy of biota attracted to aquac

ulture operations. Such conditions can lead to enhanced populations of indigenous or 

escaped fishes in the areas surrounding aquaculture operations as much as 12 times 

higher than distant, unaffected sites (Iwama 1991; Weston 1991). 

Predators attracted to aquaculture operations include birds, snakes, moni

tor lizards and turtles, fish, dolphins, rodents, mustelids and bears (Beveridge 

1984; Iwama 1991). Predators may be attracted to culture facilities by the 

shelter they provide, and by the increased abundance of food provided by the 

culture species themselves, by fouling organisms and by indigenous prey spe

cies. In their efforts to access caged stock, aggressive or large predators can 

cause structural damage to enclosures and so greatly increase the possibility of 

escapes (Iwama 1991; Munday et al. 1992a). 

Disease outbreaks in cultivated stock may also be increased by predators 

attracted to aquaculture facilities. While bird attacks may often be unsuccess

ful, a not inconsiderable number of caged fish are wounded by such attacks. 

Under the normally crowded culture conditions, such damage increases the 

susceptibility of the fish to bacterial or fungal infections (Beveridge 1984; 

Iwama 1991). Predators may also act as intermediate hosts of parasites , or 

assist in the transfer of pathogens. In several cases in the United Kingdom, 

caged trout have developed severe infestations of the cestode Diphyll.obothrium, 

resulting in heavy mortalities and the closure of one farm (Wooten 1979). The 

rapid spread of this parasite from its indigenous hosts was partly due to the 

migration of large numbers of gulls (Larus sp.) into the area (Beveridge 1984). 

Birds act as the intermediate host of the nematode Contracaecum sp., a com

mon parasite of tilapia, as well as being responsible for many digenean infec

tions of fish (Roberts and Sommerville 1982). 

Predation 

Species interactions involving predation may be the most obvious 

(Courtenay 1990) and readily documented impact of exotic species, and they 

often result in the complete elimination of indigenous species in parts of their 

range. Globally, introduced salmonids and piscivorous species such as Large

mouth Bass, Micropterus salmoides (Lacepede), are particularly notorious. 

The Rainbow Trout, 0. mykiss, is reported to be responsible for declines in 

indigenous fishes in Peru, Colombia, Chile, Yugoslavia, Himalayan rivers, 

South Africa and New Zealand (Welcomme 1988). In Lesotho, South Africa, 0. 

mykiss preys on, and competes for food with, the rare indigenous minnow, 

0reodaimon quathlambae (Barnard) (Bruton and van As 1986). The Rainbow 

Trout has been shown to prey on the Australian Barred Galaxias, Galaxias 

fuscus Mack, an endangered species (Wager and Jackson 1993), and the distri

butions of 0. mykiss and Galaxias olidus Gunther in the Australian Capital 

Territory appear to be mutually exclusive (Lintermans 1991), presumably due 

to predation. Trout have had similar impacts on the distribution of the com

mon River Galaxias, G. vulgaris Stoke]] in New Zealand streams (McDowall 
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Interference competition has been described in relatively few instances, but 

the Brown Trout has been implicated in aggressive interactions with indig

enous salmonids in the USA (Taylor et al. 1984). 

Genetic Interactions 

Escaped aquaculture species may interact with indigenous species by 

breeding with local populations of the same species or through hybridisation 

with closely related species (Munday et al. 1992a; Beveridge and Phillips 

1993). The escape of transgenic species from aquaculture facilities is regarded 

as a further dimension of the threat to indigenous biota arising from intro

duced species (Kapuscinski and Hallerman 1991). 
Amongst the salmonids, there is good evidence of interbreeding between 

escapees from fish farms and local populations; for example, in southern Nor

wegian rivers, up to 28% of spawning Atlantic Salmon, S. salar, may be of 

farmed origin (Munday et al. 1992a). 

Wild Atlantic Salmon populations show marked morphological differences 

between rivers and local populations of salmonid fishes tend to be adapted to 

their specific environments (Munday et al. 1992a). Such adaptation is main• 

tained by natal stream homing of the adult fish. Many traits in Atlantic 

Salmon have a heritable genetic basis, including growth rate, age of matura

tion and smolting, egg size, timing of sea migration and migratory behaviour 

at sea (Institute of Aquaculture 1990). Thus there is concern that the adaptive 

traits and reproductive fitness of genetically distinct wild stocks may be signifi

cantly affected by interbreeding with introduced fish which escape from fish 

farms (Beveridge and Phillips 1993). 

Studies in Sweden, France, Spain, Ireland, Canada and the USA have 

reported interbreeding of escaped Brown Trout and Rainbow Trout with indig

enous populations; introgression rates of up to 80% have been recorded in 

France (Munday et al. 1992a). The observed effects of interbreeding vary from 

no measurable impact on the genetic structure of local stocks, to partial or 

complete displacement of genetically distinct indigenous populations with homo

geneous hatchery fish (Munday et al. 1992a). 

Hybridisation may be a serious threat posed by both exotic and translo

cated aquaculture species, since interbreeding of closely related species often 

produces viable offspring (Welcomme 1988). Hybridisation of Atlantic Salmon 

and Brown Trout has been reported in Canada and Spain (Munday et al. 

1992a) and in Australia under hatchery conditions (Fletcher 1986). Welcomme 

(1988) reported that the stresses associated with introduction may lead to a 

breakdown in normal behaviour and the formation of hybrids between species 

and even genera which do not normally hybridise when they coexist in the 

wild. 

Interbreeding has occurred in Australia between two varieties of the Euro

pean Carp introduced for aquaculture, producing the vigorous Boolara strain 

which spread explosively in the 1960s and 1970s and became far more wide

spread and problematic than any of the original stocks (Shearer and Mulley 

1978; Brumley 1991). 
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1990). A summary of the pathogens which may be transferred with Rainbow 

Trout, Atlantic Salmon, eels, oysters, mussels and lobsters is given by Munday 

et al. (1992a). 
Certain pathogens are considered to affect only their original host species, 

genus or family, so the introduction of an infected species within the group 

may threaten other members present in the receiving country, in aquaculture 
systems or in the wild. The bacterial causative agent of furunculosis was prob
ably introduced into the United Kingdom from Denmark with Brown Trout, 

and spread through movements of farmed trout (Pillay 1992). It was subse

quently imported to Norway via salmon smolts from Scotland and has spread to 

indigenous populations of salmonids (Egidius 1987). Wild Atlantic Salmon popula
tions in Norway have suffered massive mortalities and, in some areas, total 

eradication caused by the monogenean fluke, GyrCXUJCtylus sp., introduced from 
infected salmon hatcheries in Sweden (Munday et al. 1992a; Pillay 1992). 

The re-introduction of the European flat oyster, Ostrea edulis L., from 

North America spread the oyster parasite Bonamia sp., which devastated the 
European flat oyster industry (Barg 1992). The introduction of commercial 
prawn species was linked to the spread of pathogens such as Infectious 

Haematopoietic Necrosis Virus (IHNV) and Monodon Bacilovirus (MBV) (Barg 
1992). MBV was responsible for the collapse of prawn culture in Taiwan in 

1988 (Kwei Lin 1989). 

Increasingly there are incidences where taxon or species-specific diseases 

are transmitted to unrelated hosts. Furunculosis was introduced to Victoria, 
Australia, in the 1970s via infected Japanese goldfish (Trust, Khouri, Austin 

and Ashburner 1980). This episode brought goldfish ulcer disease to cultured 
and wild Australian goldfish and carp populations - an issue of some signifi
cance for the aquarium industry and aquaculturists. It was followed by restric
tions on the movements of goldfish within Australia as a protection against 

disease in important salmonid fisheries; Tasmania for example requires that 

imported goldfish be certified free of goldfish ulcer disease (Langdon 1990). 

The spread of imported pathogens from their exotic hosts to indigenous 
species is of relevance to environmental protection and may exact a high eco

logical and economic cost. However, the evidence of impacts on indigenous spe
cies is limited (Munday et al. 1992a; Pillay 1992). 

Langdon and Humphrey (1987) described a new viral disease of unknown 
origin, Epizootic Haematopoietic Necrosis Virus (EHNV), affecting cultured 

Rainbow Trout and feral Redlin Perch, Perea fluviatilis L. in Australia. This 

disease is known to be highly pathogenic to several indigenous Australian 

fishes, including Silver Perch, Bidyanus bidyanus (Mitchell), Mountain 

Galaxias, G. olidus and Macquarie Perch, Macquaria australasica Cuvier and 

Valenciennes, and to a lesser extent, Murray Cod, Maccullochella peeli 

(Mitchell) (Langdon 1989). The translocation of Redfin Perch and salmonids by 

angling and government bodies without health certification thus poses a threat 
to valuable indigenous fish stocks in the wild. 

Massive mortalities of cultivated Silver Barramundi, Lates calcarifer 

Bloch due to a picornia-like virus, BPLV (Glazebrook, Heasman & de Beer 
1990), have recently caused havoc to the industry in Queensland and the 
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Intensive Culture 

Intensive culture involves the rearing of organisms under high stocking 
densities with active disease control measures. Diet is completely controlled, as 
are the habitat and water quality. Such systems aim to produce high value 

product concomitant with the high investment costs and risks involved. High 
value means that there is a strong economic incentive not to lose stock. For 
example, the high value of Largemouth Bass, M. salmoides in Taiwan has 

prompted great care to be taken to prevent its escape into natural waters. 

These precautions have prevented the adverse environmental effects reported 

for this species elsewhere from occurring in Taiwan (Liao and Liu 1989). 
However, when escapes from intensive operations do occur, the high stock

ing densities mean that many organisms are released into the outside environ
ment. Similarly, the high stocking densities attract greater numbers of preda

tors and the large amounts of unconsumed food attract scavengers. 
Intensive culture is practiced predominantly in the temperate waters of 

developed countries, where it is used to produce large volumes of high value 

fin fish in cage, raceway, and pond systems. In these locations the prmcipal 
causes of stock losses are bad weather, floods, vandalism, and marauding ani

mals (mammals, piscivorous birds, mustelids). Species interactions arising from 
these operations include hybridisation of escapees with indigenous congeners, 
disturbance to the natural community through predation, competition, and 

attraction to the aquaculture structures and excess food resources, and the 
spread of disease and parasites. 

In tropical countries, the principal intensive culture operations are centred 
on prawn production. In developing countries, such enterprises often suffer 
disease and effluent problems under intensive culture conditions, and present 
significant economic barriers for small-scale farmers (Phillips et al. 1993). 

Management of Species Interactions 

In its broadest sense, the management of species interactions originating 
from aquaculture operations is the management of exotic or translocated spe
cies. There are a number of cogent reviews of this topic (Courtenay and 
Stauffer 1984; Bruton and van As 1986; Turner 1988; Welcomme 1988; De 
Silva 1989; Pollard 1990; Billington and Hebert 1991; Crowl et al. 1992). How

ever, layers of political, social and economic policy intervene between the fun
damental ecological impacts of invasive species and the management ap

proaches actually applied to such problems. 

In developed countries, the establishment and operation of aquaculture 
ventures are regulated, and regulations are enforced to a much greater extent 
than in developing countries (Cvasas 1993). The management of species inter

actions in developing countries will therefore depend less on government-im
posed sanctions and more on the availability of appropriate methodologies for 
aquaculture planning, guidelines for site selection, and public sector support for 

research, development and extension services (Cvasas 1993; GESAMP 1991). 

The aim of aquaculture operations in all countries should be the development 

of sustainable systems that avoid environmental harm (Pullin 1993b). 



89 

Select Appropriate Scales of Operation 

While intensive culture is reasonably successful in developed countries, it 

is generally less so in developing countries where such highly capital intensive 

operations are out of the reach of small-scale farmers who represent the most 

numerous and needy group of potential aquaculturists in this area of the world 
(Pullin 1989). Based on the premise that, "Poverty and environmental conser
vation cannot co-exist'', Pullin (1993a) recommends that small-scale (household/ 
village) semi-intensive aquaculture systems are the most socially and environ
mentally desirable for developing countries. 

The demands of expanding urbanisation in these countries will probably 

require the development of some large-scale operations, but most of the techni

cal advice and policy formulation for aquaculture development should be at
tuned to the specific needs and opportunities of small-scale systems, rather 

than being constrained by foreign cultural biases (Pullin 1993a). 
Two other factors which affect aquaculture in developing countries are the 

fallacies that indigenous species are inferior and not worth developing for local 
aquaculture, and that 'short-cutting' protocols on introductions is desirable 
because exotic species add prestige to aid-funded projects (Pullin 1993b). 

Use Sterile Stock Where Possible 

Organisms which have been chemically or chromosomally sterilised have 

been used to achieve specific purposes in aquaculture without most of the risks 
involved in using fertile specimens. Triploid grass carp, for example, have been 
used for vegetation control in North America (Clugston 1990). Much of mod
ern tilapia culture is carried out using infertile stock. 

Research the Effects of Escapees 

Research into the effects of species interactions is scarce, especially in 
relation to aquaculture in developing countries where it is, arguably, the most 
needed (Pullin 1993a). There is also no generally applicable method for predict

ing the effects of escapes in any of the areas in which aquaculture is practiced 

(Pullin 1993b). This lack is further exacerbated by the often inadequate time
frames of the research that is conducted (Pullin 1993b). For example, the 

European carp, C. carpio, was introduced to Australian waters some 100 years 
before its massive invasion of the Murray-Darling River system in Australia 
(Brumley 1991). 

Improve Quarantine Measures 

The introduction of the crayfish plague caused by the fu ngus 
Aphanomyces astaci, along with the exotic North American signal crayfish, to 
Britain was the result of poor quarantine mechanisms. Legislatively, there 

were no laws preventing the importation of live animals, and regulations gov
erning quarantine and escape prevention at aquaculture sites were ineffective 
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(Thompson 1990). Operationally, token measures to prevent escape of the cray

fish were ineffective, as were quarantine measures to prevent the release of 

viable fungal spores from the aquaculture site (Thompson 1990). As well as 

devastating the European crayfish industry, this fungus is reported to be ca

pable of infecting other crayfish species, such as the Red Claw, Cherax 

quadricarinatus von Martens, an indigenous Australian species (Lee and 

Wickins 1992). 

International Protocols for Introductions 

The growing awareness of problems arising from the establishment in the 

wild of exotic species originally introduced for aquaculture has encouraged the 

investigation of indigenous species, especially in wealthier countries. Whilst this 
may prove of great benefit, both economically and in terms of environmental 
care, for the host country, the more promising species and successful culture 

systems are likely to be marketed internationally, and may be introduced even

tually to other countries, setting in train new waves of movement. Here inter

national codes of practice can be brought into play. 

Protocols on introductions allow the potential risks and benefits of intro

ductions to be compared, and decisions to be made in the light of existing sci

entific knowledge (Coates 1993). The adoption of precautionary policies and 

codes of practice, such as those proposed by the FAO (Anon. 1994) and others 

(Neal 1984; Turner 1988), and their widespread implementation, will be a 

major step in developing a standardised approach to introductions and in facili

tating a measure of consensus about likely species interactions. However, this 

will mean that hard decisions will have to be made about the traffic in promising 

new candidates for aquaculture, at the cost of lost profits for the country of origin, 
and the receiving country. 

Summary 

In conclusion, it is evident that a number of factors concerning species 

interactions arising from aquaculture activities are common across all types of 
operations. The two most fundamental elements can be the most simply stated: 

escapes are inevitable and invasions are irreversible. Thus, any cultured organ

ism is a potentially invasive species. 

The impacts of species interactions associated with aquaculture have, in 

some cases, resulted in alterations to the host environment and disruptions to 

the host community which result in impoverishment of diversity, genetic dis

turbances, or the introduction of parasites and diseases. The effects of these 

impacts are filtered through socio-economic factors to produce often divergent 

perspectives about escaped organisms in particular, and aquaculture in gen

eral. These local perspectives are vital indicators of the types of management, 

scale of operations, and effectiveness of the regulatory sanctions which can be 
applied successfully. 

Internationally, protocols exist to help determine whether a species should 

be introduced to a new environment. These should be adhered to 
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rigorously and improved as time and experience determine. Nationally and lo

cally, the risks involved in escapes from (or attractions to) aquaculture opera
tions can be minimised by careful site selection, appropriate containment facili
ties and operations geared for sustainability, with environmentally responsible 

approaches applied to the stocked organisms and their husbandry, quarantine, 

effluent control and disease management. 
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