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Abstract

One of the most insidious threats to fish conservation around the world is dclibcratc or accidental introduction ol'

fish species. The impact of alien invasive sport fish is for the most part unpredictable in time and space, with the

introduction of relatively few species having resulted in many extirpations of indigenous fish species worldwide.

More nations need to quantify biodiversity loss caused by alien sport fishes. The spread of alien invasive fishes

does not respect political boundaries. Therefore total global costs to aquatic biodiversity and ecosystem functioning

resulting from these introductions need to be assessed. The global invasive species database of the Global Invasive

Species Programme, higblights eight fish species among the one hundred 'World's 'Worst Invasive Alien Species'.

Three of these fish species (two trout and one bass species) were introduced solely for sport. Historically the social

value of recreational fishing was usually more important than conserving biodiversity. Globalisation of alien fish

species for sport is best illustrated by rainbow trout - now in 82 countries, and still spreading, along with the

associated expensive angling gear, magazines and accommodation infrastructure. Such sport species have become

part of the global consumer society. The nature and extent of the globalisation phenomenon is addressed with regard

to how inhoduction of alien fish for recreational angling has impacted on biodiversity; trophic cascades at a local
level and the unassessed total cumulative global trophic cascades; and some of the motives that underlie promotion

of this sport within the complexity of globalisation as we know it today. Alien invasive recreational fish species

are now recognised as a global environment4l degradation problem resulting in loss of biodiversity and therefore

require a global solution. Parallel trends such as globalisation of envtonmental education and the internet must

be encouraged to counteract the damage caused and reverse the trend. This globally concerted campaign requires

utilizing environmental education forums aimed at the angling community, general public and policy makers;

networking with existing alien invasive groups; legislation; better understanding of processes; development of en-

vironmental economic evaluation tools; international bio-invasion conhol; wider use of the precautionary approach

and utilization of the present globalisation of ecological thought.
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Introduction

Anthropogenic perturbations to freshwater systems

over the past 100 years have escalated due to burgeon-

ing human populations. Estimates of the number of
freshwater fish species that will become extinct within
the next 20-30 years run as high as 3000 species, about
30Vo of the 10000 known species (Stiassny, 1998).

This is why conservation of freshwater flsh species is

seen as a priority throughout the world.
Freshwater fish are threatened by habitat degrad-

ation and fragmentation; species introductions and

translocations; impoundment of rivers (dams and

weirs, water abstraction and water transfer schemes);
and water quality deterioration and overexploitation
(Cowx & Collares-Pereira, 2002).
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At a UN conference on alien species in Norway in
1996 experts from 80 countries concluded that alien
invasive species were a major threat to biodiversity
conservation and probably the greatest threat after
habitat destruction (Neville & Murphy, 2001). This
holds true for freshwater fish species (Cambray, 2000;
Cambray & Pister, 2002). Invasive aliens are known to
represent a major global change issue (Mooney, 1998)

and this is clearly evident in freshwater fish diversity
loss. Lowe-McConnell (1990) noted that one of the
most insidious tbeats to fish conservation around the
world is deliberate or accidental introduction of new
fish species. Introduced species that reproduce suc-

cessfully can have major cumulative effects over time
(Orians, 1995). Benefits of reducing cumulative ef-
fects of the spread and impact of alien sport fish
species are long-term and societal. One third of all
endangered and threatened species in the U.S.A. are

listed, at least in part, due to the action of alien spe-
cies (Bright, 1995). Nineteen eudemic fish species are

associated with the Cape Floral Kingdom of which 15

are threatened with extinction, primarily due to im-
pacts of invasive alien spod fish species and habitat
degradation (Impson et al., 2fi)2).

The international community recognises the need

to protect biodiversity (e.g. IUCN Red lists) and biod-
iversity conservation has become politically important
(Cowx & Collares-Pereira,2ffi2). But very few coun-
tries actively undertake their responsibilities under
Article 8(h) of the Convention of Biological Diversity
(CBD) (Neville & Murphy, 2001). The CBD calls ou
all contacting parties to prevent the introduction of,
control or eradicate those alien species which threaten
ecosystems, habitats and species. Therefore where in-
troductions have occurred alien invasive species need
to be controlled and if possible eradicated.

Certain freshwater fish species used for recre-
ational angling have been transported around the globe
and placed in rivers, dams and lakes, frequently
without environmental impact assessments or monit-
oring, for the sole purpo$e of providing 'enjoyment'
for anglen. These introductions have resulted in sub-
sequent loss of biodiversity in the receiving systems.

The introduction of alien species has dramatically
changed many ecological communities and contrib-
uted to species extinctions, most notably freshwater
fish (Orians, f995). This movement of species by
humans has led to a breakdown in biogeographic
barriers (Elton, 1958), both within and between con-
tinents, which had previously been the reason for the
distinctiveness of the world's biota.

Fish conservation requires robust, defensible, so-

cial and economic evaluations of fish populations and
species diversity (Cowx, 2002a). So-called 'free ser-

vices' &at unperturbed aquatic biota offer must be
factored in. Justification for conservation of small
species, not attractive to the angling community, is dif-
ficulr Their use as forage fish for a large alien species
must be discouraged. '"To reverse these philosophies
is going to be a major challenge to conservation man-
agers, but will be achieved if the true economic value
ofconserving fish species is notenunciated or the fish-
ing fraternity are not educated in deleterious effects of
introductions and tanslocation of fish species" (Cowx
& Collares-Pereta, 2002). Understanding the eco-
system processes involved is a way forward. Severe

reduction of benthic invertebrates with resultant in-
crease in periphyton is one way to argue for not
stocking some alien species.

The angling public does not fully recognise the
need to protect biodiversity therefore innovative ap-
proaches and global co-operation between countries
and organisations are needed. Fish conservation offi-
cials face the problem of a multiple user environment.
In many cases, indigenous fishes are considered of
marginal importance (Cowx, 20f2a). Alien species
are better known due to their established economic
value and global literature on the species compared
to little known and often poorly shrdied indigenous
species. Many members of the public, such as farm-
ers and many freshwater anglers, still believe that
we can improve on the initial biotic 'hand' (Mooney,
1998) that was dealt to any river system by translo-
cating or importing alien sport flshes. W.R.Courtenay,
Jr. (pers. comm., 1999), after dealing with alien fish
problems for many years, wrote: "I never cease to
be amazed that the human species in its migrations
over time and particularly within the past and present
century seems to feel that in&oductions make things
'better'. This has proven true, but for a limited number
of introduced species such as crops and certain 'do-
mesticated' livestock. Some of those, however, caused
substantial damage to receiving ecosystems. The in-
troduction frenzy went far beyond what should have
happened and is now clearly proven to have been a
rnistake when humans inEoduced species for the sole
purposes of 'enjoyment' (= sport, forage for sport
fishes, and the aquarium hobby). Over many parts of
this planet, those mistakes ane now established as re-
producing, often range-expanding species (plants and

animals), more often than not destructive for some to
most species of native organisms. Homogenizing of



the biological resources of this planet is happening and

will prove to be a major error, made from stupidity of
the consequences. I've been in South Africa and have

seen how introduced plant species have become dom-
inant in many areas and sampled waters there where
introduced fishes are more common than native spe-

cies. I've seen the same in eastern Australia and, for
nearly all my life here in the U.S. (and I'm now 65)."

Definitions

Alien species (non-native, non-indigenous, foreign,
exotic) means species, subspecies, or lower taxon oc-

curring outside of their natural range (past or present)

and dispersal potential (i.e. outside the range they

occupy naturally or could not occupy without dir-
ect or indirect introduction or care by humans) and
includes any part, gamete or propagule of such spe-

cies that might survive and subsequently reproduce
(http://www.iucn.org/themeVssc/pubs/policy /invasive
sEng.htm#anchor3926 I 9).

Alien invasive species means an alien spe-

cies which becomes established in natural or semi-

natural ecosystems or habitat, is an agent of
change, and threatens native biological diversity
(http://www.iucn.org/themes/ssc/pubs/policy/invasiv

esEng.htm#anchor3926l9).
Alien transfem are any fishery practices that lead

to modification of the nahrral composition of fish
communities.

Ecocentrism is the knowledge that humanity ex-

ists within but as only one part of a larger life system.
(]lobalisation can be defined as "a social pro-

cess in which the constraints of geography on social

and cultural arrangements recede and in which people

become increasingly aware that they are receding"
(Waters, 1996 in Germain,2000a), although there are

critics of this definition (Germain, 2000b). The term
entered our everyday vocabulary around 1960 (Waters,

l99s).
Globalisation in the context of the present paper

is the process of spreading various animals (e.g. alien
fish) and experiences (e.g. angling for that species) to

all comers of the earth. Sport 0shing has an economic
marketable component and is a large global industry.

Recreational angling can be defined as 'Fisher-
ies conducted by individuals primarily for sport but
with a possible secondary objective of capturing fish

for domestic consumption but not for onward sale'
(FAO, 1997). For the majority of anglers, fishing is
a pastime for pleasure. For purposes of this paper

2r9

Carlton's (1975) definition will be used: 'recreational
fishing is the ritual pursuit of pleasure associated with
experience.'

Zoogeographic pollution occurs when organisms
are moved out of their known home range and intro-
duced into new areas by humans. If the organisms are

closely related to organisms in the new environment
there can be loss of genetic integrity.

Discussion

History of recreational fshing

Angling, like hunting, had it origins as a means of
obtaining food. Reference to recreational frshing date

back to 1496 when angling as a sport was propounded
in the 'Treatyse of Fysshynge wyth an Angle' by
Dame Juliana Berners. The well known 'The Com-
pleat Angler or Contemplative Man's Recreation' by
Izaak Walton, published in 1653, set the scene for
the irnportance of recreational fishing in the coming
centuries. It was also probably the commencement of
global homogenisation of freshwater angling species.

Well known recreational fish species, such as rainbow
trout, were introduced into 'virgin' waters as humans

developed faster means oftransport for themselves and

their favourite angling species around the globe.
Some of the trends over time of translocating alien

sport fish species are summarized in Table 1. In the

19th and early part of the 20th centuries, 'good in-
tentions' fuelled the spread of alien recreafional fish.

Anthropocentrism, with the attendant drive to control
nature, was clear in the early stockings of rainbow
trout in many countries, Introductions were thought
to 'improve the biodiversity' in local water bodies for
anglers (Hey, 19%). Species were imported specffic-

ally to get rid of indigenous species, which may have

'interfered' with the success of introductions, such

as trout (Hey, 1926). These 'well-intentioned intro-
ductions' have resulted in serious detrimental effects

to natural ecosystems and in some cases extirpation
of indigenous species resulting in trophic cascades

(McDowall, 2003). In some National Parks in South

Africa, the number of alien freshwater fish species

exceeds the number of indigenous species (Russell,

1999,2001).
With the intensification of globalisation in recent

decades, movement of species around the world has

become much more widespread and more diff,cult to

control, Once introduced, alien spod fish species tend
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nrl,/c .1. General aeods itr t}le hislory d dre translocdim of fish fq recreatiooal anglitrg

lgthcentury 20thCennry 20thcrntury 2lstcentury

fisthalf seco[dhalf

Itrblicawareness Ignorance Ignorance Increasing Crreaterawareness

level of imputance axtareness

of biodiversity

Impact studies before None None Inseasing Increasing

trarslocatid

Knowledge ofindigenous None Incrcasing Good Good

aquatic biota

Motivation for Acceptanc€ ofwhat Acceptanc€ ofwhat Acceptance ofwhal Acceptance ofwhar
furtroduction was toovm in has already has already been has aheady been

comtry ofoigin been intoduced introduced intoduced combined

with, new t!e[d - nsh

indipenous

Angling population Few dedicated Increasing number Incrcming number Possibly - deueasing
prcssure anglers of anglers of anglers used to number of anglers as

aliea fish, see aliens in Califunia
non, as 'idigenous'

species

lrgislation to Little Enact€d Being removed None

pmtect alions

Legislation to Litde Little Increasing Good, especially

protect indigenous threatened species

specres

Illegal movement Not illegal Not ill€gal Increase Possible decrease

of aliens

AwarEnesseampaigtrs None None Few

Removalofaliens None None Few

lncreasing globally

Increasing remolrls

to spread either by n&tural means, via anglers and It is unfortunate that movement of fish around the
farmers or via engineering feats such as interbasin globe has created an expectation and a desire to con-
transfers. tinue this trend amongst many anglers regardless of

It is not only the ecological processes that need to the impact on indigenous aquatic biodiversity. Recre-
be understood (McDowall, 2003). The human factor ational angling in fresh waters is now big business.
has to be taken into the equation, as it i$ the sole driv- It has thus become a sociological problem. For some
ing force behind these introductions. An angler can cases, such as rainbow hout, a certain status has been
now Savel round the world catching the same species created for angling for this species (Cowx, 2002br,
of trout in over 82 countries ! This is an extreme case of Many people have grown up fishing for alien species,
'homogenizing the biological resources' of the planet. which they now assume, are indigenous. An extreme



case is that some anglers in South Africa want alien
rainbow hout to be declared an 'honorary indigenous
species' because it has been in the country for over 100
years (Hamman,2002).

M otiv ation for rec re ational an glin g

Angling for most people is a pastime for pleasure.

The main motivation for angling is to be able to re-
lax in pleasant surroundings with like-minded angling
triends; the number of fish caught in many cases is

secondary (Steffens & Winkel, 199). Recreational
angling is therefore a complex issue involving not only
the aquatic ecosystem but also what provides pleasure

to humans. Angling for indigenous species can often
fulfil all requirements noted above.

Driving forces

Certain driving forces promote alien fish for recre-

ational angling.

Human migrations

As human populations colonised new teritories and

ffansport became more efficient it became easier to
translocate fish speciee for recreational angling. This
then began the process of zoogeographic pollution and

homogenising what fish were acceptable to anglers on

a global basis. In Italy, there are only 17 native spe-

cies that have not been translocated to new localities
or 'polluted' by introductions of conspecifics or alien
fish species (Bianco, 1990). Major impacts have been

the result of the inhoduction of transalpine species

and translocations, river by river, of indigenous spe-

cies that through movement become aliens in rivers
into which they are introduced (Delmasho, 1986 in
Bianco, 1990). The unique assemblage of freshwa-
ter fishes in Italy has been severely and irreversibly
altered due to incorrect management practices. The
result is zoogeographic pollution, loss of genetic iden-
tity of local populations, a high level of hybridisation
and extinction or reduction of local communities of
endemic species (Bianco, 1987 in Bianco, 1990). Most
of this is the result of provincial authorities stocking
public waters with a mixed bag of fish (Bianco &
Ketmaier,2001).

Angling promotion

Currently in 22 European countries there are at least

21.3 million anglers who spend large sums of money

yearly on their sport (Cowx, 2002b). Marketing is a
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complicated network. Briefly, fishing magazines sell
advertising space to sports stores and land owners
whose attractive advertisements ofrer accommodation
and 'good' fishing. In addition, magazines make fish-
ing look enticing in articles specially written for a

target group such as business executives, adventure
seekers etc. Should the majority of these articles pro-
mote alien fish, then an angling population emerges

who accept fishing for these Osh as the status quo,
Sport store outlets sell tackle, specifically designed to
catch bass or frout. This globalisation of specialised
angling equipment helps drive the spread of alien in-
lasive fish species. Thus marketing is driving anglers'
perceptions and expectations.

The type of fishing that an angler enjoys is often
seen as reflecting their social status (Cowx, 2AO2b).

Freshwater garne fishing is mainly dominated by
wealthier sectors of society. Game fish anglers mainly
fly fish for species such as salmon and toul It is
mainly demands of this group of anglers that has res-

ulted in rainbow trout being introduced into at least 82

countries (Welcomme, 1988).
Many angling clubs tend to focus on alien freshwa-

ter fish species. Some angling clubs are well organised

and members pay to have waters stocked with their
favourite angling species. Private syndicates are de-

veloped that purchase mountain catchment areas to
create exclusive waters for alien trout angling. Weirs
and dams may be erected for the trout thus completely
altering the river system and in some cases flooding
valuable wetlands.

Side-lined in this homogenisation process were

many potentially excellent indigenous angling species

which now face extinction or are extinct. In a tourism
advertisement for New Ze,aland (= circa 2000), un-

der the title 'Pure 1007o New Zealand', an angler is

shown catching an alien rainbow trout! A New Zeal-
and Grayling (Prototroctes oryrhyncftas) being caught
would have been 'Pure 100% New Tealand'but this
species is now designated extinct, one of the probable
causes being introduced salmonids (McDowall, 1996).

In South Africa indigenous species have only re-

cently appeared in the flyfishing spotlight due to
dedication of conservation officials (Impson, 2001).
Yellowfish (Labeobarbus species) are proving to be
popular and excellent angling species and now adorn
the covers of local angling magazines. In retrospect,

there was no need to introduce bass and trout into
South Africa where they now compete and prey on the
juveniles of the indigenous angling species, some of
which are now endangered (Skelton, 1987).
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However, this has created a demand for yellowfish
and there are now requests for private hatcheries to

rear these species (Dean Impson, pers. comm.). This
would over time lead to many of the problems raised

by Bianco (1987 in Bianco, 1990). Movement of fish
for sport fishing has a bad hack record. It will not get

better without a concerted educational effort together
with well-enforced legislation.

Therefore, collective agents (eg. anglers, sports
shops, sport magazines, hatcheries, accommodation
providers etc) are encouraging the continued glob-
alisation of these species through modern marketing
practices. Environmental activists are concerned with
aquatic biodiversity conservation (Cambray, 2002,
2003) and fulfilling the mandafe of the Convention on
Biological Diversity. A competing dynamic now exists
between these groups.

Hatcheries
Hatcheries are expensive ventures (ponds, pumps,
vehicles, trailers, feeds, medicines, staff etc.). In
some countries, such as South Africa, conservation
departments historically set up hatcheries to rear alien
species such as North American bass and trout spe-

cies (Cambray & Pister, 2002). Millions of alien
fish were reared and demand created among famrers
and anglers. Once established with tonservation'tax-
payers money such hatcheries are dfficult to close
down.

Alien fish intoducfons had a cascading effect
and are now out of control in some countries. [n
Italy, conservation officials stocked alien hout into
mountain rivers of national parks (Bianco, 1995) in-
stead of working towards the conservation of aquatic
biodiversity.

In the U.S.A., hatcheries endevouring to improve
spodf,shing have not taken suffcient care to protect
genetic integrity of stocks of trout and salmon spe-
cies. Formerly genetically distinct stocks are now
genetically contaminated (Belmke, 1988).

Prinate fish farms are sometimes authorized to
provide fish for &anslocation. Tbere are 200 of such
hatcheries in northern Italy (Bianco, 1995). Such
hatcheries are centres for selling and distributing ali-
ens to anyone who has the money to pay forthem.

Globahsat ion of rec reational anglin g spe cic s

One of the major facton driving eriolution of the
10000 fre$hwat€r fish species was tb isolatbn of
many populatiors. Ttrhnological advanccments make
it feasible to ffy fertilised trout eggs by aircmft from

Colorado. on the North America continent, and hatch
them in Lesotho on the Aftican continent within sev-

eral days- In Lesotho the alien trout will impact local
biodiversity as soon as they start feeding, or possibly
earlier, through imported diseases or parasites.

In ltaly, the process of change in the composi-
tion of the freshwater fish fauna has been surnmaf,-

ized as successively as 'padanization' (the result of
hansplantation of native species from north to cent-
ral ltaly); followed by 'danubization' (introduction of
Danubian species throughoutltaly); and now 'global-
isation' (the establishment of lberian, Albanian, Asian
and North American elements) (Bianco & Ketmaiet
2001). Many of the fish were introduced by provincial
authorities to enhance 'angling species diversity'.

Stock manipulation
For recreational fisheries, attempts are made to en-
hance diversity of target species for anglers or to
provide a species an angler would be willing to pay
money to angle for. Stocking is thus a widespread,
but also greatly abused, management tool in inland re-
creational fisheries (Cowx, 1998). Stocking of nahrral
waters can have several aims: improve recruitrnent;
bias fish assemblage structure to favoured species or
maintain productive species that would not naturally
breed in the system (Cowx, 1994). Cowx (20Vb)
noted that such stockings should be carried out so that
there is no impacton indigenous fish populations and I
add here to other aquatic biota. Cowx notes that stock-
ing to enhance fisheries is frequently carried out with
'no due regard for the environmental m ecological
consequences.' Stocked alien fish such as trout and
bass species can impact indigenous species through
competition, predation, loss of genetic integrity or
by spread of diseases and parasites (Cowx, 194,
1998; Cowx & Godkin,2000 and see McDowall,2003
below).

Catering for angling diversity by intnoducing alien
species becane a cornmon worldwide practice in the
1960s and 19?0s (Welcomme, 1988). hoblems as-

sociated with this enthusiasm to cater to anglers has

only fairly recently led to legislation and rdrictions
being placcd on this 'Wild Wesf' rypmach fo siocting
aliens in industrialized countries. 'Developing coun-
ties' s€re frequently tageted by fishries agencies
from the developed world leading to hapFopriate
stockings" Conservation money in some provinces in
Soutb Africa ws still channelled into alien fish pro-
drction aslate m 2fi12 (Cambray,2003). Cowx (1998)
nded, as did Hey $9n\, ftat smo introdrrctbns,



such as rainbow trout and large mouth bass have

been successful. To these two authors 'success' must
mean that the introduction was economically success-

ful and/or successful in the eyes of anglers. As for
conservation of biodiversity, these introductions were

bad conservation practices.

Asse ssing alicn impacts

In many cases, it is difficult to assess, quantify or pre-

dict the impact of introducing a fish species (Fausch,

1988; Moyle & Light 1996; McDowall, 2003). Earlier
studies on impacts of alien fish on indigenous fish were

simplistic noting mainly competition and/or predation
scenarios (McDo*all, 2003). It is now apparent that
there are more subtle interactions with altered animal
behaviours that impact availability ofresources sharec

with other species and also through feedback effects
that influence interspecific interactions (Power et al.
1985; Wootton, 1994).

When stream invertebrates are reduced in abund-

ance by an alien predator, their behaviour changes as

they become more cryptic, leading to less periphyton
grtzirg, which may depress production of benthic in-
sects resulting in the benthos being less accessible to
indigenous flsh predators (McDowall, 2003). Intro-
ducedtroutprofoundly affected the structure and com-
position of faunal assemblages in Californian High
Sierra lakes. Large and/or mobile, conspicuous taxa,

including tadpoles, large-bodied microcrustacean zo-
oplankton and many epibenthic or limnetic macroin-
vertebrates were rare or absent in lakes containing
trout (Bradford et a1., 1998).

An accurate assessment of the impact of alien sport

flsh species is only possible if an accurate assessment

of pre-introduction ecological and socio-economic en-

vironment already existed (Bartley & Casal, 1998). A
major problem exists because many introductions of
aliens were carried out in the 19th century and even

into the 2lst century. No environmental impact studies

were undertaken before or after most of these intro-
ductions making it impossible to assess potential or
actual impacts.

In ltaly, it is easier and cheaper, in the absence of
strong laws, to introduce alien species than to conduct
a study on the possible impact of the newcomer to
the unit of destination (Bianco, 1995). This outdated

practice may still hold for many countries. The main
driving force is economics of the known alien sport

fish regardless of the long-term damage the transfer
may cause to the non-game indigenous species.
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In New Zealand, with its abundant cool, swift-
flowing rivers, introduced hout had a good 'fit' with
existing habitats (Moyle & Light, 1996). This resulted

in superb trout flshing (Sprckman, 1892) and concem
for indigenous species only began to emerge in the
1960s (McDowall, 1968) but the nature of the impact
by the aliens was not fully understood (McDowall,
2003). It is now known that where alien trout dens-

ities are high there are cascading effects on stream

ecosystems, such as reduced benthic invertebrates as

well as behavioural changes that can result in pro-
liferation of periphyton (Flecker & Townsend, 1994;

Mclntosh & Townsend, 1996). In a study on indi-
genous galaxiids Townsend (1996) found that the best
predictor of presence of galaxiids w as absence of trout
in over 198 sites examined. Galaxiids only existed
in 'fringe' upstream habitats to which trout were ex-
cluded by natural barriers. Galaxiids have decreased
in New Zealand sfieams due to alien trout impact on

the invertebrate production, resulting in benthic in-
vertebrate behaviour change. Galaxiids cannot now
access the best foraging areas which reduces the food
available to them (McDowall, 2003). In Lesotho the
same holds true for the endangered redfin minnow
(P se udobarbu s quathlambae) (Skelton, 2000).

Global Inv as iv e s S trat e gy

Conservation biologists recognize the effects of alien
invasives as complex with many social, ethical, and

legal aspects in addition to biological and ecological
dimensions (Mooney, 1998). Economic effects of re-
moval of alien sport fish are complicated in that en-

tire industries have been developed for these species,

Areas that can be rehabilitaled must be identified and
prioritised and others areas possibly conceded to the

industry based on the aliens.
There is unification of effort to caunteract the

alien invasive threat by organisations such as the

Global Invasive Species Programme (GISP), coordin-
aied by SCOPE (Scientific Committee on Problems of
the Environment), in conjunction with IUCN (World

Conservation Union), CAB International and UNEP
(United Nations Environment Programme). Airns of
the Global Invasive Species Programme (GISP) are

to:

1. assemble the best information and approaches for
prevention and management;

2. disseminate them in the form of databases, manu-
als and capacity-building training programs to
govemments and communities; and
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3.lay the groundwork for new tools in science, in-
formation management, education, and policy that
must be developed through collaborative interna-
tional action.

The Invasive Species Specialist Group (ISSG) is
part of the Species Survival Commission (SSC)

of IUCN. ISSG is a global group of 146 sci-

entific and poliry expeds on invasive species from
4l countries. ISSG provides advice on threats

from invasives and control or eradication methods
to IUCN members, conservation practitioners, and
policy-makers. The group's activities focus primar-
ily on invasive species that cause biodiversity loss
(http : //w ww. i s s g. o rg/ inde x. htrnl ).

One hundred of the world's worst invasive alien
species

The Global Invasive Species Database (hxp://www.is
s54,.org/) states: 'It is very difficult to choose 100 in-
vasive species, from around the world, which really
are 'worse' than any others. Species and theirinterac-
tions with ecosystems are very complex. Some species
may have invaded only a restricted region, but have
a huge probability of expanding, and causing further
great damage (e.g. see Boige irregularis: the brown
tree snake). Other species may already be globally
widespread, and causing cumulative but less visible
damage. The one hundred species aim to collectively
illustrate the range of impacts causcd by biological
invasion.'

An analysis undertaken for the present paper indic-
ates that the species ranged from three microorganisms
to 14 mammals, Al| eight fsh species notod are fresh-
water species (table 2). Of fte lfi) spec'ie,s, fve
were introduced for sport (two mammals and thrw
fish species). Four other fish ryecies arc used for
angling enjoyment, which means they can be sp{€.d
by fre arglerpathway flabte 3). That such arelativcly
hignparcexilap dthesc ltll wost inasive aliens are
frcshvrater sport fsh is cause for corrcenr.

Ecolagkal integity

Environmental issues have gained pominence on th
contrmporary secudty agenda (Schotrte" Xml- There
is now a spotlight on many environmental issues,
maintainedby civic groupg think tanks, official 4gen-
cie.s, NGO's etc. There is a widq accepfance of the
fragitrty of life on earth wilt rssrriatid ftelirgtr d
insecurity fm humanity.

Table 2. Numbet of spe€ies introduced for sport in the list of
the 'One Hundred of the World's Worst In6ive Alien Spe-
cies'. (Analysed from the Global Invasive Species Database:
hxp : //ww* iss g, org/futabas e./spe c i e s/)

Gmup Number Number for sport

Micro-organisms

Fmgu
Land plants

Land inver{ebraFs

Mammals

Re4ile.s

Birds

Aquatic plants

Aquatic invertebrates

Amphibians

Fish (all freshwater)

J

5

32

l7
t4
2

3

8

t
8

o
0

0

0

2 (deer and fox)
0

0

0

0

0

3 mainly for sport but 4

others also are used for
sport as well c food fisb

Each of the major an&ropogenic global environ-
mental changes of contemporary history has presented

threats to ecological integrity. Declining biological di-
versity mighteven take the earth to a species depletion
threshold beyond which the entire biosphere would
collapse (Scholte,2000). On a small scale this is what
is happening with introduction of alien angling spe-
cies in some riven in New Zealand. Intrroduction of
alien recrcational fi6h epeciec is rcsultrng in beharti-
oural changes and tr,ophi€ cascades that are not frtlly
understood (McDowall, 2fi)3).

Global consciousness has promoted greater eco-
logical awareness- Global environmental issnes have
become a prime sour€e of insecurity in the contem-
porary human condition (Scholte" 20fl)). This is most
clearty seen in such issuc as the oil crisis" g@ically
ergineecd froestfs, dfrqf ffid diccc
etc. Potetrtial exists for global governalce on environ-
mentar matHs" e.g. 1987 Monteal lrotmol on oeone
rcductim-

Codcs of co&Etfs'hrqtcrbsrud gf$d agthg
equipmt zuppliers shouH irclude specific and err
forceabh emrironmental chrxa$. tftimatefy the end
cmsnm, fte :ngtrer, n€ods to bG €&r*€d to c6qsaffe
biodrrEnity.

Ecocenfiism

Eooccmim (EfuEF, f992) opgm .erpo-
centrism as humanity is sen to exist u,ithin" but as
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n/rl(.-j. Analysisoftheeightfishspecieslistediltlp'OneHundredofthe\\trrld's\\ilstln\a\iveAlienSpecies'list:
(Analysed from the Global Invasive Species Database (http:llwww.issg.org/dotabase./species/)

Species Reason for intmduction Impact

Clarias batrachus

Cyprinus carpio

Gambrciaaffmis

Lates niloticus

Aquaeulture but also for sport flshing

,\quireUltttre hilr nlirt ft'r sF)rl fishing

Mosquito conmol, (indigenous

species could also have done this!)

Food and sport

Ildigenors fish and {)ther aquntic biotr

Reduces water quality and destroys aquatic

vegetation by uprooting it

Hannftl due to predaceous habits

Contributed to €xtinction of 200 fish

species in Lake Victoria rcsulting in

devxtating environmenral impacts (Barel et

a1., 1985)

lmpact on indigenq$ fish, crayfish,

amphibians and insects

Dsplace indigenous spocies by comp€tition

and predation, also impact on aquatic

invertebrates

Omnivorors eats almoct anything from algae

to insects

Severe impact on indigenous nsh (especially

other salmonids), amphibians, invertebrates

through predation, displacement and food

competition

Micropterus salmoides

Oncorlrynchus ntykiss

Sport

Sport

Oreochmmis tnossafubicus ;\quacultute also tirr sprrt fishing

Sahno trutta Sport

only one part, of a larger life-system. Human desires,

such as stocking alien invasive angling species, need to
be renounced in favour of ecological health if there is

a conflict, which there surely is. Scbolte (20W) noted
that many indigenous people have promoted notions

of aboriginal knowledge where human beings are in'
tegrated within and subservient to a natural order. The

so-called 'Gaia' notion regards the planet earth as a

living creature to which humanity owes its responsib'

ility (Lovelock , 1979). Globalisation has been one of
the forces in promoting ecocentrist knowledge.

Global ecological changes have raised awareness

of damages that anthropocenhicrationalism can inflict
(Scholte,2000). Some global ecological changes have

been due to movement of plants and other species.

Climate change and rapid loss of biodiversity rein-
force that humanity depends on ecological conditions.
Policy makers opt for a rationalist response of sus-

tainable development. This approach then perpetuates

humanity's subordination of nature in its hope to find
techno- scientifi c solutions to environmental problems.

Due to the past anthropocentric approach there can
be no doubt that techno-scientific solutions are now
needed to combat alien sport frsh introductions that are

destroying freshwater biodiversity around the globe.

Ways forward

U nderstanding p rc ce ss es

Behavioural and dietary interactions, between alien
and indigenous species, must be understood (Mc-
Dowall, 2003). These prcoesses form a basis for
informed conservation protocols to explain why the

eradication of alien sport fishes is requfued.
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Precautionary apprcach

When new species are considered for introduction
there should be a proper protocol carried out by trained
staff within an appropriate government organisation.
Guidelines are available from the United Nations Food

and Agricultural Organisation (FAO, 1996). The pre-

cautionary approach (FAO, 1996, 199) must be fol-
lowed when there is insufficient dalq on the impact
a proposed alien fish introduction will have on the
receiving system.

There are four options with regard to movement of
species around the globe (Ruesink et al., 1995):

1. let everything iu
2. keep everythingou(
3. experimentally test everything before eafty (essen-

tial); and

4. utilize available information for a risk analysis
decision (sucial).

Option I happcned during the 19ft atd earty part
of the 20tb @ntBry. Option 2 sh@ld b€ applfo:d on
a global basis as sport fish can be vir*ed as neln-
essenti*l so lhe risL is not *orth any furthermovement
of ttese species. Elawever, ts Cffion 2 is rrften in-
praet"ical (Ruesink et aI-, 1995i, Option 4 is the mss{
realisiic and simiiar tc the precatrtronary approach-
The exercise will provide reasons why the Rsh $hould
not be moved fhal rearolable people would accept.

A moratorium shnuld he imposed r.n all spcrl fish
translscatio*s solely for engler enjoyme*t. Angli*g
for indigenous fish species strould be pmmoied in-
stead.

Izgist*tian owl envimnmentut educotion

An 'integrated plien fish management s-ysfe6' must be

developed that includes contral optirons, details efthe
hiellogy of alien sport fisL impad of the ali€n$ ad
&e oco*omfo" *ocial and ecological inrpact* of control
effort$ &at wo$ld be required.

In thooe es*rdrb*wilh limited resarnE€s the pcwcr
of globalisation shauld assure that kaired staff and
funds are made available,

There should be total eradication ofthe *liens in
rivers and lakes, but this is a very costly procedure and
probablyimgredical forlarge systerns. Barriers can be
utiliscd tc prcvent the spread of alien hsh {eg. golden
tra$t in California; Cambra,v & Pis$er, Ztlt?]l,. Biocsn-
trci methods need to be explored but with €ireat cau
tion to avoid local extinctions of indigenous stecies
,--.:^;. ra,a,<. =t.; -.^.;;..r4r,e!.t. ' , '.". | '1!,..!.!ri,Lafia!i? piitpraiiinie\ iiiiiiilnc
ntc,:;ci(ies corrrrr ir i i i i nri rpenorrs iiiec iei * i ier an .erari-

ication campaign constant monitoring and vigilance is
required to prevent illegal re-introductions.

A more effective international system to pre-
vent bio-invasions is required. Hamdullah Zedan,
executive secrekry of the Convention on Biolo-
gical Divenity, believes that a 'stronger system' is
rcquted to pre\rent entry in tbe first place. But
where entry has aheady taken place more effect-
ive measures are needed to stop invasive alien spe-

cies from establishing themselves and spreading.
Where eradication is not feasible or co$t-efrective,
more needs to be invested in containmcnt and long-
ternr control rreasures (http:llwwwiucn.orgArssd$res
sbook/newsrtvsd@ressihtaug2&D.htm).

Legislation reffiiry r pobffiing inmfucdm
md movemetrof ahen reqeational fish species is not
sfrcientin itself, althlg[ itcanbe apowerful tool if
&€re i$ pnqrcr enfamd d sigpitrcmt fincs d
ldbb.onfiscdirrrx* Cxe acrd b bc rd Fblil
ciscd- In addition to good lqishtion an c&cational
awartness pregxamrn€is required- Af a UN cmference
on alien qpecies held in Norwey it emerged tbat very
tu d tu 8t! putieip*ing mnrbs H sEfEci€nt
infauaehn s c?qcity ta address inrneile all'n pob.
Iems {Ncville & Murphg 200I}. t is timc to ddress
this need on a gl,obal basis.

The signtiSc $ommumty urge*Byredr ts etifir-
late knowledge to a brsad may of peopte, especially
decision makers (Orians, 1995). Along with globalisa-
tion of ecological tFrougirt (Mooney, 1998) there has
been developr*e*! of globalisafion o[ envirorrmentai
e<iucaricn (EEi ro educate on environmental matters
that are a c:ruse for concern, such as loss of aquatic
biodiversity. Scientists concerned about the spread of
alien spst Esfo sfoeuld Frrlnot€ tk devebpmt of
suitable EE eoa$crva&l* toak.

Mooney {1998} skessed the need far scientists to
mmmunicate their flndings to mn-scie[ti$t.s. Good
cmmunisaticn to the public shrxrH be seen as pat cf
a nckdifo por{olig. k rcn-governmental fund-
ing bodies make commnnication at the popular level
part of research contracts (eg WWF). Communica-
tion of Endiags tc the puMic and golicv m*ers is
now generally viewed as part of one's career devel-
oprnent. Good scientitic revies atrticl€s. such a"s on
impacts of brown trout (McDowafi, 2AA3), need to
reewe a wider ardienee. Facts ned to be qrcperly
packaged and disseminateci ily scienrisiq io ni"ilmore
nutrlic awareness- Wehsites, such as .Science-in-Africa
, i",, ^.,',,,,,.,,., ^;-,,^^;--..;^., ,,,,,,, ,.A.aO.7al i- iii-i)Viiie eiitV AC-



cess for dissemination of research findings in a popular
format.

"We need more scientists to become involved in
the crucial task of making sure that the best science

available is being utilized in public understanding of
environmental issues, and in policy making" (Mooney,
1998: 125). If a scientist is funded solely to provide
new information only published in scieutific journ-
als, with no public exposure, then we as scientists
have failed. Programs to kain mid-career scientists
in communication skills, as initiated by the Ecolo-
gical Society of America, need to be evaluated and
encouraged.

There is concern that if one starts early in one's
scienfific career that public engagement will consume

essential time that should have been spent develop-
ing one's scientific credentirals (Burke & l,auenroth,
1997). Others (e.g. Mooney, 1998), as does the author,
believe that a scientist needs to be aware of societal

relevance of one's work and discipline and make ap-
propriate contributions throughout one's career. In the
case of freshwater fish, and many other species and
their habitats, there is no time to waste.

Considering the enormity of ecological damage

caused by invasives, as well as funding spent on trying
to conhol their spread, it is surprising that more money
is not spent on educating the public about this problem
(Mooney, 1998). This investrrent in education at all
levels could have an enormous economic payback by
reducing further spread of aliens.

Even with heightened public awareness of the

value of biodiversity this knowledge alone will not
provide sufficient safeguards (Orian, 1995). Protecting
biodiversity is a moral imperative, without which soci-

ety would adhere to the dictum 'Preserve species when
it is economically favourable to do so, but eliminate
them when it is not' (Orian, 1995).

Responses to cumulative environmental effects,

such as the spread of alien sport fishes, have a sig-

ni.ficant moral elemenl Leopold (1949) wrote "It is
inconceivable to me that an ethical relation to land can

exist without love, respect, and admiration for land,

and a high regard for its value. By value, I of course

mean something broader than mere economic value.
I mean value in the philosophical sense". It is this
ethical relation to aquatic biodiversity that needs to be
incorporated into all people.

In South Africa, the Working-for-Water pro-

gramme trains unemployed people to run a business

based on removal of invasive alien plants (van Wilgen
et al., I 998, 2fi) I ). This programme has made the pub-

2n

lic aware of environmental cost of these alien invaders.
We now need a similar progr:unme for alien sport fish
species, not only in South Africa, but globally.

Environmental economic evaluation tools and 'f'ree

services'
A value needs to be articulated for the social and
economic importance of freshwater fish biodiversity.
There is an urgent need to adapt environmental eco-
nomic evaluation tools (Cowx & Collares-Pereira,
2(X)2). There are economic evaluation tools for alien
sport fish and it is the economics thatkeeps this tbreat
active and spreading. Information is available for in-
digenous commercial species but not for many of the
10 000 known freshwater fish species.

There is a need for more awareness of the value
of goods and 'free services', which are provided by
ecosystems (Orians, 1995). Good quality freshwater is
a scarce commodity in many parts of the world, If in-
hoducing a fish species, such as brown trout into New
Zealand streams, can virtually clean out the annual

benthic invertebrate production, change behaviour of
invertebrates and indigenous fish species resulting in a
periphyton build-up (McDowall, 2003) then is it worth
inhoducing this alien sport flsh? What are the other
ecological processes that could be upset by these infro-
ductions? This potential loss needs to be understood
and costed into the full assessment of the impact of
alien sport fish species,

Orians (1995) raised an interesting point regard-
ing responsibility. If landowners want compensation
from society for conserving a wetland on their farm
then they should also pay the costs if they do not con-
serve it. That is, they should have to pay for flood
conbol" water purification and species consenation,
provided by the wetland before they filled it. Similady
if landowners introduce alien fish into rivers which
flow through their land then they should be responsible
to pay for species conservatiorl water purification and

clean-up charges if the alien sport fish species move
up or down stream into a nature conservation area.

Global network of fish consenationists
Cowx & Collares-Pereira (2002) recommended a

network of fish conservationists who would report
successes and failures in conservation management

thereby assisting removal of aliens and rehabilitation
ofhabitats. Cambray & Pister (2002) discussed prob-
lems and successes of several conservation campaigns
and this is typical of the information that needs to be

more easily accessible. Similarly, Cambray & Bianco
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(1998) suggested a website for the conservation of
freshurater fsh species as part of a conssnation 'tool
kit'.

As part of the global campaign to combat the im-
pact of elien fish on aquatic biodiv€rsity an efficient
fu*aional nctwo* of concerred scientists and mem-
bers of thepublic wouldbe beneficialfc mnsenrdion
of fistodhrqsity oaEtt- Tbis dmfterth
ft€ IUCN, wilh a wcll sbrctued and inclusive wcb-
site rcfwing rea.!er$ ta 0&6 vortws in thc trorld,
to tbeir pubtiskd and unpubli$ed woats and sroooes$

andftituesdfuirsrydsa
The netwsrl aould wort with the exising 'Global

lnvasive Species Programme' (6LSP) that aims to
forge cooperation to ad&ess a bsderbss issue
(Neville & MwSy, 20$ll CISP focuses o* ati"
ens that disnrpt ecosystm p(ffcsscs and tbrcby
threaten biodiversity, health and economics (Neville
& Murph-v,2fi)1). Alien $port fi* tuiEl tuseeryire-
ments, The programme is a netwotk of scientists, law-
yers, envircnmentalists, policy makerc. economists,

rcbuurcs rilariagcrs arrri uiltelg wurhirrg logciilcl '+ll ilrc
global invasive alien Erobtem. The rrissi€re ef (it$F
ic ro enabie goverilment6 and oiganisations io use the

trest practices available to mana-ee irwasive alien stre-

cies {lAS} anri to promote cieveiopment of addirional
tools and strategies needed to impreive glokt manags-

menr o[ iAs. CISP suives to piomote collaboration
and patnerships with a holistic and multi-sectorial

approatn,exacily whar is required to coniro! an<i eraei-

icate alien fuw"asive sport fidr ryeci€s. GISFhes sffie
suptroit trom SCi-iPE, IUCN. UNEP. GEF and other
national and international bodie* {Neville & Murphv.
zolli t.

lm-provement of the scientific bcis fw decision
rnaking on invasrve species issues centre<i on i i com-
pofteot$ - inctuding estabtishin-e the backero$nd and

sctcnirllc *rta efietai irasts rif lft'r'algi{e aitcn specre*

pmblems; current stat[ of invesives; their eootogy;
human crmensions or tne invasive species orooieml
and the rclatio*ship hetween irwasive alien ryrecies
an<! girrnai ehanst. tii.i't acicircsscs r<icnniicanon oi
pathwrys cf iwasion, earfv warning sysGans, meth-
ocis ibr prevenrion, eariy <ietection. anci management
rist as.sess*rsrt, iegnl ard instihrtional fuameworyts,

tcafi<:micc oi rnvaqrve aiien '.fieciet antz tavcait**ai
prosllrrmes (Neville & MrrFtrv. Zfiiti. Ssne ot this
work on vecuirs and pathwavs ci invaiitin has aireativ
been carried out in .South Africa (Richardsein et al."

7{Ni3t.

Globali sation of e colo gic al thou ght

In a book by Mooney (1998) entitled 'Globalization of
ecological thought' it is noted that ecological research

was originally gobel. In the middle of thc XXh cen-
tury it became more locally focussod, whereas today
it is again more global in nahrre. In the 1950's ecolo-
gical sfudies focussed on nafird sys6s ad Mooney
(f99q ffi hEgrn-qdifiod ry** wm c&*yig-
nored and atbn organisms were gererally neglected.

Bd h&y nmy sbdhs fmus on 'utergling of tbe

lespo66 of bfutic clrrtrge to natur.lrycb from that
of knen imFcft' C[oaE]" $98]- F.ocrt$ of cm-
logial stdies is now of a largm dimeosion &e to
tb rclatively roccrrt 4praciation cf gto&al inpcts of
hrmans oc biotic sy*ms, ad &is is xrba* Mocwy
(199&) refers tc m tb 'gl$disetim af ecology.' This
asoect of globalisation *ill hetp to reduce movement
of invasive aliens through providing a better under-
st*ndi*g $rrclr *$ oritlined by McDo'*alt (.ffi3\ fw
brown trout in New Zealand. Ciobaiisation of ecoio-
gicat thought will help counter the present consumer
-,-^:^^, ^^-,,-^.,1-,,, ^1,.,^ ii^i.,^,-,-1,,^r,^^"DVUt9rY qplrrv(Lrr arr qrrLrl

Concluding remarks

Gtctr*lis*io*resutd iE the s$ead €f alien fteskwater
-^^-r 6^t'^^ i6 ^h 'h^r^-^,i^-i^,{ ^-l r,'rhnh,-^l rla*rpvr r rrDrrlr rrr arr urrt,r!!!u urrrrarurqr Eqt.

dbbatisation and homogenisation of species is pro-

ceeciing ar an ever-increasing pace and have assumed

their w* dvnamics- CeF a ca-mdipded c6@6er
globai awareness camparg.n can asseri ihe importancc
of indigenerus freshwater f,sh species in the eye,s of the
pubiic and noiicy makers.

Ttrerc is e distinct need fs * gkrb*l assess$rer*

oft rmDacr oi rne most wlceiv <iisrriburco aiien recre-
ational Osh swcies. such m rainbow trout. on aquatic
brotirversirv ano ecosvsrem iunctioning.

Ckrflahsfiios txwer m$st he hamessed to ecsure

the continuec survivar anci evorurron oi wnai remains
of the world's fr€shwater fi.sh fauna. ftmbray & Pister

tZuu2r norea rirat pubirc luppolt was essentiai anc
therc me* be edsc*knr md ertmsim fseramrc€s
tnar occomc part oi thc ioai scrcntlnc sludv nro-
grammc {as is enrent}y happening in some of the work
i*r F.ur*wa* ii*icn iir*iecrs, eg i.oiiares-Pereira et.

tt.-TcftfLl.
i ^.- ^; ^-,.^,;^;i^;.,,cquouu ."'^r'"€rcllV nV lnllOCUClnq allen

species solely fer the punuit of pteasure needs to be

'crge*liv haieui. I* i-ria!r''J cases ircsi countries aireariv
hari, or stiii irave. g<xi<i anqii*e srlecies. F.ven if rhev <io



not it is debatable whether a sport, mainly for pleasure,

should be the cause of the loss of biodiversity in the

2lst century.
Thc prcscnt $(ttLrs qilo of alien sport fish availab-

ility drives angler expectations. Leopold (1949) wrote
'To promote perception is the only creative form of
recreational engineering'. It is now time to promote
the perception that conservation of biodiversity is

more important than introduction of aliens for fishing
pleasure.

If scientists with the facts, who work on freshwater
fish species, do not encourage public awareness then

who will?
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