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ABSTRACT

This review examines the potential impact of

introduced fish on amphibians, with particular

emphasis on Australian freshwater systems. Firstly,

the ecological relationships between fish predators

and their amphibian prey are examined, and how

they can be altered when non-native fish are

introduced into aquatic systems.The current

knowledge and research on the impacts of

introduced fish on amphibians both overseas and

within Australia is then reviewed. Evidence in the

literature strongly suggests that introduction of

exotic fish or translocation of native species could

have enormous impacts on the amphibian

assemblages of Australian freshwater systems.

Introduced fish have been implicated in the decline of

several anuran species, though few cases have been

subject to thorough research.Many Australian

amphibian assemblages, including several threatened

species,are potentially threatened by a variety of

introduced fish species.Future research priorities and

guidelines for examining the impact of introduced fish

on Australian amphibians are outlined.Key management

objectives for conservation agencies are identified.

INTRODUCTION

The reported declines of many amphibian populations both
in Australia and around the world are now recognised as a
very real phenomenon.These declines pose a serious threat
to global amphibian diversity, and may result from recent
global environmental change associated with human activities.
The cause(s) of many species declines, particularly in
apparently pristine tropical forests of Central America and
Australia, remain obscure (but see Lips 1998). However, in
many cases one or other anthropogenic impacts, commonly
identified as key threatening processes in the decline or
extinction of other vertebrates (Meffe and Carroll 1994;
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Leakey and Lewin 1995), are associated with observed
declines.These include habitat destruction (Laan and
Verboom 1990; Johnson 1992;Wardell-Johnson and Roberts
1991; Gillespie and Hollis 1996; Dubuis 1997;Waldick 1997),
pollution (Bishop 1992; Bidwell and Gorrie 1995; Bertram
and Berrill 1997), over-exploitation (Jennings and Hayes
1985) and introduction of exotic predators (Orchard 1992;
Bradford et al. 1993; Lannoo et al. 1994). In Australia,
anthropogenic impacts on amphibian populations are only
now beginning to be appreciated.The relative significance of
various potentially threatening processes to the maintenance
of many amphibian communities is poorly understood.This is
a reflection in part of the inherent difficulties associated with
studying amphibian population dynamics, the high diversity of
amphibian assemblages present in Australia, and the small
number of ecologists and amount of resources available for
studying them. Decisions of research and management
priorities and allocation of resources must therefore be based
upon careful assessments of current knowledge about the
importance of all potentially threatening processes, from both
within Australia and overseas.

After over-exploitation and habitat destruction, introduced
predators have been identified as the main cause of mammal
and bird species extinctions in modern times, particularly in
Australasia (Meffe and Carroll 1994; Leakey and Lewin 1995).
It is likely that introduced predators may also play a significant
role in the decline of some amphibian species.The following
review examines the potential impact of introduced fish on
amphibians, with particular emphasis on Australian freshwater
systems. Firstly, we examine the ecological relationships
between fish predators and their amphibian prey, and how
these may be altered when non-native fish are introduced.We
then review current knowledge and research on the impacts of
introduced fish on amphibians both overseas and within
Australia. Finally, we outline future research priorities and
guidelines for examining the impact of introduced fish on
Australian amphibians, and identify key management objectives.

SIGNIFICANCE OF FISH PREDATORS IN
AMPHIBIAN COMMUNITIES

Predation is considered to be a major factor regulating the
distribution of amphibian larvae (e.g. Calef 1973, Heyer et al.
1975, Duellman 1978, Scott and Limerick 1983, Smith 1983,
Woodward 1983,Wilbur 1984, Hayes and Jennings 1986, Kats
et al. 1988). Heyer et al. (1975) suggested that predation by
aquatic predators, primarily fish, was the most important
biotic factor influencing the temporal and spatial composition
of tadpole communities.The combined direct and indirect
effects of fish predators on the local distribution of individual
species of tadpole consequently influence local and regional
amphibian assemblage structure. Recent studies have
demonstrated the importance of fish predators in
determining tadpole species-composition (species present)
and tadpole species richness (number of species) in
temperate (Hecnar and M’Closkey 1997) and tropical
systems (Fickling 1995; Hero et al. 1988). In this section, we
examine the ecological relationships between fish predators
and their amphibian prey and how these may be altered
when non-native fish are introduced.

Fish may directly impact amphibian species by predation on
larvae (Macan 1966; Heyer et al. 1975; Sih et al. 1988) or
eggs (Grubb 1972). Consequently fish predators are capable
of eliminating larval amphibian species from some habitats
(Tyler 1963, Macan 1974, Petranka 1983). In a comprehensive
study by Petranka (1983) the larvae of the salamander
Ambystoma texanum were found to be restricted to the 
fish-free, upper portions of breeding streams and this was
attributed to predation on larvae by endemic species of fish.
Kats et al. (1988) identified fish predation as a primary factor
influencing marked differences between larval amphibian
assemblages in ephemeral and permanent aquatic habitats.
Similarly, Fickling (1995) found that Litoria nannotis and
L. rheocola were restricted to streams without predatory fish
in the Tully gorge, northern Australia.

TADPOLE SURVIVAL STRATEGIES

Amphibian larvae can physically evade fish predators through
spatial or temporal avoidance (Petranka 1983, Bradford 1989,
Holomuzki 1995, Hecnar and M’Closkey 1997, Hero et al.
1998). Many species of amphibian breed only in temporary
water bodies in which fish are absent. Recent studies have
shown that females of some species of amphibian choose
oviposition sites in waterbodies without fish (Resetarits and
Wilbur 1989; Kats and Sih 1992; Bronmark and Edenhamn
1994; Hopey and Petranka 1994; Holomuzki 1995).
Alternatively, amphibians can avoid fish predators by
reproducing in a waterbody at times when fish predators are
absent (e.g. streamside ponds that are isolated from the
stream at some times of the year).

The larvae of many amphibian species occur in habitats
containing predatory fish, such as permanent lakes and
streams. Survival or anti-predator strategies allow these
species to coexist with fish predators.These strategies include
cryptic colouration (Wasserug 1971), behavioural responses
such as use of refugia (Sih et al. 1988), schooling (Waldman
1982; Kruse and Stone 1984), protean flight (Taylor 1983),
and chemical defences (Liem 1961;Wasserug 1971; Brodie et
al. 1978; Kruse and Stone 1984; Kats et al. 1988;Werner and
McPeek 1994). In contrast to species which typically occur in
fish-free habitats, larvae of species which coexist with fish
predators may possess one or a combination of these
survival traits (Kats et al. 1988). Many amphibian larvae which
coexist with predacious fish are unpalatable or noxious (Liem
1961;Voris and Bacon 1966;Wasserug 1971; Brodie et al.
1978;Walters 1975; Kruse and Stone 1984; Kats et al. 1988;
Hero 1991;Werner and McPeek 1994). Amphibian larvae
which do not respond behaviourally to predatory fish are
typically toxic or unpalatable to fish (Voris and Bacon 1966;
Kruse and Fransis 1977; Kruse and Stone 1984; Kats et al.
1988). Antipredator strategies used by tadpole species against
invertebrate predators, such as immobility (Azevedo-Ramos
et al. 1992; Chovanec 1992;Werner and McPeek 1994) are
not usually effective against fish predators that use visual cues
(Hero 1991;Werner and McPeek 1994).Therefore the
distribution of each larval amphibian species is related to the
survival strategies it possesses and is strongly influenced by
the distribution of predatory fish.
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PREDICTED IMPACTS OF INTRODUCED
PREDATORS

Predator-prey relationships are maintained by a constant
evolution of both the predator to capture and the prey to
avoid capture, commonly described as the “evolutionary arms
race” (Dawkins and Krebs 1979). Survival strategies tend to
be predator specific and are unlikely to be effective against all
predators. For example, female amphibians may not be able
to recognise the chemical cues produced by introduced fish
species and may inadvertently oviposit in a water body with
exotic fish predators, resulting in levels of predation that
preclude survival of the species. Palatability of a species of
tadpole can differ among different species of fish predator
(Hero 1991; Holomuzki 1995). Hence, a species of tadpole
may be unpalatable to the native fish predators with which it
coexists, but may not be unpalatable to a novel fish predator.
Prey species may not identify introduced fish as predators
and hence fail to use the appropriate survival strategies
(temporal or spatial isolation), or the species of tadpole may
not have the necessary antipredator defences that allow
them to coexist with introduced fish species.The introduction
of an exotic predator is therefore likely to disrupt the arms
race in favour of the predator.

Fish predators can also influence tadpole assemblages
indirectly by consuming invertebrate tadpole-predators, such
as dragonfly naiads and predacious diving beetles (Wilbur and
Fauth 1990;Werner and McPeek 1994; Hero et al. 1998).
Along an environmental gradient Werner and McPeek (1994)
found that only Rana catesbiana tadpoles were found in
waterbodies with fish predators while R. clamitans was found
primarily in fishless ponds with high densities of invertebrate
predators. Furthermore, the presence of fish predators can
reduce densities of some species of tadpole, and this may
release other species from competition, thus enhancing their
survival (Morin 1986;Werner and McPeek 1994).This
predator mediated release from competition may result in a
shift in species composition from species that are
competitively dominant to species that are competitively
inferior but have the survival strategies that allow them to
coexist with fish.

The general pattern observed in natural systems is that
species of tadpole that are vulnerable to predation by
invertebrate predators survive in waterbodies with fish
(where the density of invertebrate predators is low due to
predation by fish), and species of tadpole that are vulnerable
to predation by fish survive in waterbodies where predacious
fish are absent (Hecnar and M’Closkey 1997; Hero et al.
1988).The introduction of predacious fish species will
potentially result in the elimination of some tadpole species
and a shift in the species composition to those species which
have the survival-strategies that allow them to coexist with
the introduced predator.

Theory therefore predicts that the introduction of exotic fish
to aquatic systems may lead to the elimination of some
species of tadpole, resulting in changes in the species
composition of natural tadpole assemblages.These changes
may be extremely detrimental to the long term survival of
some species, undermine amphibian communities and disrupt
natural aquatic systems.

OVERSEAS EVIDENCE FOR IMPACTS OF
INTRODUCED FISH ON AMPHIBIANS

The consequences of introducing fish into breeding habitats
for amphibians have been well documented overseas. A
number of studies in Europe, North and South America have
implicated or demonstrated that introductions of predatory
fish are responsible for the decline or extinction of some
amphibian species.

Brönmark and Edenhamn (1994) suggest that, in Europe, the
widespread introduction of various fish species into farm
dams and ponds has contributed to the decline of Hyla
arborea.They found that H. arborea in Sweden was
predominantly restricted to ponds in which fish had not been
introduced. No reproduction was recorded during a three
year period in ponds containing either pike (Esox lucius),
perch (Perca fluviatilis), roach (Rutilus rutilus), Crucian carp
(Carassius carassius), rudd (Scardinius erythrophthalmus) or
tench (Tinca tinca). Pike (Esox lucius), perch, and Crucian carp
have been shown in laboratory studies to readily feed on 
H. arborea tadpoles and metamorphs (Brönmark unpublished,
in Brönmark and Edenhamn 1994).

Macan (1966) reported a dramatic decrease in numbers of
bufonid and ranid tadpole species following the introduction
of brown trout (Salmo trutta) into a British tarn. Braña et al.
(1996) found that amphibian species’ numbers and amphibian
abundance were significantly lower in lakes of northern Spain
containing introduced fish: brown trout, rainbow trout
(Oncorhynchus mykiss), tench, roach and European minnow
(Phoxinus phoxinus).They concluded that the presence of
these introduced species was responsible for the almost
complete disablement of large permanent waterbodies for
amphibian reproduction and subsequent decline of amphibian
species in the region.

In North America the introduction of salmonids into
previously fishless habitats has impacted upon numerous
amphibian species. Burger (1950) reported the wide scale
elimination of tiger salamander (Ambystoma tigrinum) larvae
from ponds in Colorado following stocking with trout. Fish
introductions, primarily trout, have been suggested as an
important factor contributing to the decline of ranid frog
species (Hayes and Jennings 1986; Liss and Larson 1991;
Hecnar and M’Closky 1996). Several species of introduced
salmonids have profoundly affected the distribution of the
Mountain Yellow-legged Frog (Rana mucosa) within the past
century by eliminating the species from nearly all waters
where fish have been introduced (Grinnell and Storer 1924;
Bradford 1989; Bradford et al. 1993). Hayes and Jennings
(1986) noted that the abundance of endemic Rana species in
California was inversely correlated with densities of
introduced fish species, primarily trout.Tyler et al. (1998)
demonstrated that larval salamanders (Ambystoma
macrodactylum) were found in much higher densities in alpine
lakes without fish than in lakes that contained introduced
trout populations.

In Canada Liss and Larson (1991) reported the decline of
amphibian species in naturally fishless lakes after stocking with
trout. Hecnar and M’Closkey (1996) concluded that the
presence of introduced predatory fish was responsible for the
decline of amphibian species in south-western Ontario.They
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found that amphibian species richness was significantly lower
in ponds containing introduced predatory fish. However, those
amphibian species with either large larval body size or large
clutch size were less adversely affected than others, and
occurred more frequently with predatory fish.

The introduction or translocation of other species has also
been implicated in the decline of some amphibian species in
North America. Introduced mosquitofish (Gambusia spp.)
have been identified as the most likely cause of localised
declines of Californian newts (Taricha torosa) in southern
California (Gamradt and Kats 1996). Petranka (1983)
documented decimation of small-mouthed salamander
(Ambystoma texanum) larvae in local pools in streams
following colonisation by Green Sunfish (Lepomis cyanellus),
and Sexton and Phillips (1986) noted a dramatic reduction in
species richness after the introduction of this species.
Semlitsch (1983) reported almost complete mortality of
Rana esculenta tadpoles following the addition of Pike to
experimental ponds.

Declines of some amphibians in South America have also
been attributed to introduced fish.The introduction of
various fish species: salmonids, European carp (Cyprinus
carpio), Odonthestes bonariensis and catfish (Ictalurus spp.), is
thought to be a principal factor leading to the decline of

amphibians in southern Chile (Formas 1995). Introduced
salmonids are also thought to be responsible for the
extinction of several Atelopus species in Costa Rica 
(Pough et al. 1998).

In most of the above cases, fish introductions have occurred
for recreational purposes. Hence, the frequent reports
involving trout species, which have been widely introduced in
lakes and streams throughout both hemispheres due to their
popularity with anglers. It should be emphasized that
translocation of native fish species into aquatic systems that
have not previously contained the species could have similar
impacts on amphibian fauna.

INTRODUCED FISH IN AUSTRALIA

The list of fish introduced into Australia is extensive (Table 1).
At least 24 exotic species have established self-sustaining
populations in Australian freshwater systems to date. In
addition, several native species have been translocated into
aquatic systems in which they did not naturally occur.These
include Murray cod (Maccullochella peelii), golden perch
(Macquaria ambigua), Macquarie perch (M. australasica), bass
(M. novemaculeata), barramundi (Lates calcarifer), catfish
(Tandanus tandanus) and rainbow fish (Melanotaenia spp.)
(Raadik, Arthur Rylah Institute (ARI),Victoria, pers. comm.).

Species Origin Occurrence in Australia

Salmonidae
Rainbow Trout Oncorhynchus mykiss Nth.America NSW;Vic;Tas; s.w.WA; s.e. SA
Chinook Salmon O. tshawytscha Nth.America, N.E.Asia s.w.Vic
Brook Trout Salmo fontinalis Nth.America s.e. NSW;Tas
Atlantic Salmon S. salar Europe, Nth America s.e. NSW;Vic;Tas
Brown Trout S. trutta Europe,West Asia NSW;Vic;Tas; s.w.WA; s.e. SA
Cyprinidae
Goldfish Carassius auratus East Asia s.e. Qld; NSW;Vic; SA; s.w.WA
European Carp Cyprinus carpio Europe s.e. Qld; NSW;Vic; SA; s.w.WA
Rosy Barb Puntius conchonius * Asia s.e.Qld 
Roach Rutilus rutilus Europe Vic
Tench Tinca tinca Europe, Central Asia sth. NSW;Vic;Tas
Percidae
Redfin Perch Perca fluviatilis Europe, Nth.Asia NSW;Vic; east SA;WA;Tas
Poecilidae
gambusia (Mosquito Fish) Gambusia holbrooki Nth.America Qld; NSW;Vic; SA;WA;Tas
One-spot Livebearer Phalloceros caudimaculatus Sth.America s.w.WA
Sailfin Molly Poecilia latipinna Cent.America s.e. Qld
Guppy P. reticulata Cent.America, Caribbean s.e. Qld
Swordtail Xiphophorus helleri Cent.America s.e. Qld
Platy X. maculatus Cent.America s.e. Qld
Cyprinodontidae
American Flag Fish Jordanella floridae Nth.America n.e. Qld
Cobitidae
Oriental Weatherloach Misgurnus anguillicaudatus East Asia s.e. Qld; s.e. NSW;Vic
Cichlidae
Blue Acara Aequidens pulcher Cent.America e. Qld
Convict Cichlid Heros nigrofasciata Cent.America Vic
Mozambique Mouthbrooder Oreochromis mossambicus East Africa e. Qld, s.w.WA
Black Mangrove Cichlid Tilapia mariae West Africa Vic
Zilles Cichlid T. zillii * Africa s.w.WA

TABLE 1: List of exotic fish which have established populations in Australian waters.

* Species which established populations that either died out or were successfully removed. (Sources: Allen 1982; Cadwallader and Backhouse 1982;
McKay 1984;Allen 1989; Faragher and Harris 1993;Arthington and Blühdorn 1995; Ryan 1995; McDowall 1996).



135

Introductions have occurred primarily either for recreational
fishing purposes, or through releases of species from the
aquarium trade.The one exception is the eastern gambusia
or mosquito fish (Gambusia holbrooki), which was misguidedly
introduced to control mosquitoes (Myers 1965).

Salmonids have been widely introduced into streams and
lakes for recreational fishing.The brown trout and rainbow
trout are the most successful and widespread species.These
occur in mainland streams along the Dividing Range from
Victoria up to northern NSW, in the Adelaide Hills and in
south-western Western Australia (Allen 1982, 1989;
McDowall 1996). In south eastern Australia, brown trout are
abundant in all upland streams and are only excluded from a
few small tributaries where waterfalls have blocked their up-
stream passage (Cadwallader and Backhouse 1982; Faragher
and Harris 1993; McDowall 1996). Rainbow trout have a
more patchy distribution but are in high abundance in many
small upland water courses (McDowall 1996;Victorian Fish
Database, ARI,Victoria). Both species also occur in many lakes
and reservoirs in these regions. Stocking of lakes and streams
occurs extensively in NSW, and several lakes are stocked in
Victoria by Fisheries authorities.These species are also
stocked in farm dams. Brook trout have established in
Tasmania in lakes of the Tyndall Ranges (McDowall 1996), the
Clarence Lagoon on the Central Plateau (Swain, University of
Tasmania, pers. comm.), and are currently restricted to one
stream on the mainland in Kosciuszko National Park, NSW
(Harris, NSW Fisheries, pers. comm.). Chinook salmon are
currently restricted to several lakes in south-western Victoria,
maintained by stocking (McDowall 1996). Atlantic salmon are
stocked in lakes and reservoirs in south-eastern NSW, central
Victoria and Tasmania (McDowall 1996).The species has
escaped from hatcheries into the Rubicon and Latrobe Rivers
in Victoria (McDowall 1996).

Goldfish and European carp were originally introduced as
ornamental fish and have spread throughout the Murray-
Darling system and other inland and coastal waterways in
south-eastern Australia (Cadwallader and Backhouse 1982;
Faragher and Harris 1993; McDowall 1996).They also occur
in south-western Western Australia (Allen 1982, 1989) and
Tasmania (Swain pers. comm.).Tench and roach were
introduced in the late 1800’s into lakes and rivers in Victoria
for fishing and have both spread. Movements of roach have
also been recorded up rivers feeding lakes, such as the
Howqua and Big Rivers in the catchment of Lake Eildon,
Victoria (Victorian Fish Database, ARI,Victoria). Introductions
of roach still occur illegally for caurse fishing.Tench have also
been stocked for fishing in lakes and reservoirs in southern
NSW and Tasmania.

Redfin have been widely introduced throughout the Murray-
Darling River system, lakes and farm dams in south-eastern
mainland Australia,Tasmania and south-western Western
Australia as a popular angling species (Allen 1982, 1989;
Rowland 1989; McDowall 1996).This species has also
penetrated up major tributaries of some lakes, in some cases
considerable distances, such as Eildon and Glenmaggie in
Victoria (Victorian Fish database, ARI,Victoria).

Gambusia are widespread throughout south-eastern Australia,
including the Murray-Darling system, and extend up the east
coast as far as Townsville. It also occurs in south-western WA
and some water courses near Alice Springs (Allen 1982,
1989; McDowall 1996).The species is exceptionally hardy and
is able to tolerate an extremely broad range of
environmental conditions (McKay 1984). It is a highly invasive
species inhabiting marshes, lakes and dams, slow-flowing
streams and associated billabongs and aqueducts. It is most
abundant in modified habitats and areas near human
settlement (Allen 1989; McDowall 1996).

The remaining species have all originated from the aquarium
trade (McKay 1984;Allen 1989; Ryan 1995; McDowall 1996).
Only three of these have so far established extensive
distributions in the wild.The oriental weatherloach (Misgurnus
anguillicaudatus) occurs in streams along the east coast of NSW
and several south-flowing catchments in Victoria, such as the
Yarra and Latrobe Rivers. It also occurs inland in south-eastern
Australia, in the Murrumbidgee, Ovens and Murray Rivers
(McDowell 1996;Victorian Fish database,ARI,Victoria).The
Mozambique mouthbrooder (Oreochromis mossambicus) has
established populations in the lowland reaches of several coastal
rivers in Queensland between Brisbane and Cairns, and has
been reported in several rivers in south-western Western
Australia (McKay 1984;Allen 1989; McDowall 1996).The guppy
(Poecilia reticulata) is widespread from Brisbane to north-east
Queensland (Ryan 1995).The one-spot livebearer (Phalloceros
caudimaculatus) has been recorded in ponds and drains around
Perth (Allen 1989).The sailfin molly (Poecilia latipinna), swordtail
(Xiphophorus helleri) and platy (X. maculatus), are restricted to a
few streams around Brisbane (McDowall 1996).The rosy barb
(Puntius conchronius) also established itself in one stream in the
Brisbane area but has apparently died out (Brumley 1991;
McDowall 1996).The American flag fish (Jordanella floridae) has
been recorded near Cairns (Allen 1989).The convict and black
mangrove cichlid (Tilapia mariae) are restricted to the
Hasellwood Pondage in Morwell Victoria, which contains warm
water outflow from the power station. Zilles cichlid (T. zillii) was
recorded in tributaries of the Swan River estuary in Western
Australia. in 1975, but is believed to have been successfully
eradicated (Allen 1989).The blue acara (Aequidens pulcher) has
been recorded in one stream in Brisbane (Ryan 1995).

Many of Australia’s inland waters, particularly in south-eastern
regions, contain one or more introduced fish species. In some
cases these species have completely displaced native fish and
substantially modified aquatic ecosystems. In addition to those
species already established, there is continual interest from
the recreational and commercial fishing industry to establish
hatcheries or introduce more species. Several hundred
species of exotic ornamental fish have been imported into
Australia for the aquarium trade (McKay 1984).The potential
for more of these species to become established in natural
waters is high, particularly in tropical and subtropical regions
(McKay 1984; McDowall 1996).

With the possible exception of the Oriental Weatherloach, all
of the introduced species have the potential to prey upon
amphibian eggs and larvae, and many species may also prey
upon adults. As indicated in the literature reviewed earlier,
this has already been demonstrated for most of the more
widely introduced species, such as the salmonids, cyprinids,
redfin perch and gambusia, on other continents.
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REVIEW OF IMPACTS OF INTRODUCED
FISH ON AMPHIBIANS IN AUSTRALIA

Few studies have been conducted to investigate the
relationships between introduced fish and amphibians in
Australia.To date, the impacts of only three introduced
species, brown and rainbow trout, and gambusia, have been
investigated. Collectively these studies have assessed impacts
on only 16 species of frog to any degree (Table 2). Some
information is presented on redfin perch and carp; however,
appropriate research is required to further examine the
impacts of these species.

Impact of Fish Predation on Adult Frogs

It is common knowledge among the fishing fraternity that
frogs make good bait for trout and redfin perch (Baxter,
Victorian Fisheries, pers. comm.; Harris, NSW Fisheries, pers.
comm.; Lake, Department of Biological Sciences, Monash
University, pers. comm.).This suggests that trout and redfin
perch may readily attack frogs in the wild. Collection of frogs
for bait may place excessive pressure on some frog
populations (Watson et al. 1991).The use of frogs for bait is
now banned in some States. However, it is likely that fish are
able to exert their greatest impact on frog populations by
preying upon larval stages.

Impact of Predation by Trout Species

Species most at risk from predation by trout are those which
breed exclusively in streams in south-eastern Australia.There
are eight such species, several of which have declined in
recent years and are considered endangered or vulnerable
(Gillespie and Hines 1999).The spotted tree frog (Litoria
spenceri) has always been considered rare (Ahern 1982);
however, declines were observed in most of the few known
populations in the 1970s and 80s (Watson et al. 1991), and
the species is now listed as endangered (Tyler 1997).Watson
et al. suggested that introduced trout may be contributing to
this decline.Trout are present in all the streams in which the
species is known to have occurred (Victorian Fish database,
ARI,Victoria). Surveys of the distribution and relative
abundance of L. spenceri and other upland riverine species
have found that L. spenceri only occurred in abundance in one
reach of stream which was above a waterfall which trout
could not negotiate (Gillespie and Hollis 1996; Hunter and
Gillespie 1999). Only a few high density upland populations
of the leaf-green tree frog (L. phyllochroa) have been located,
most of which have also been above waterfalls in trout-free
streams (Gillespie pers. obs.). In contrast, lesueur’s frog 
(L. lesueuri) remains widespread and is abundant along many
streams where trout are present (Gillespie and Hollis 1996;
Hunter and Gillespie 1999; Gillespie pers. obs.).

Gillespie (1997, unpubl.) examined the relative palatabilities of
five riverine frog larvae, L. booroolongensis,
L. citropa, L. lesueuri, L. phyllochroa and L. spenceri, to two
sympatric native fish, mountain galaxias (Galaxias olidus) and
two-spined blackfish (Gadopsis bispinosis), and introduced
brown trout. All fish readily consumed tadpoles of
Limnodynastes peronii which occur in lentic habitats without fish;
however, only trout ate a significant proportion of tadpoles of
any riverine tadpole species. Further in-stream experiments
demonstrated that despite the availability of alternative food

sources for trout, and refuge microhabitats for tadpoles, trout
were able to impose a significant predation pressure on L.
spenceri and L. phyllochroa. Brown and rainbow trout are now
considered to be the primary cause of decline of L. spenceri
(Robertson et al. 1998, unpublished; Robertson and Gillespie,
1998, unpubl.).These findings suggest that upland populations
of the other species within the L. citropa complex, i.e. L.
subglandulosa and L. pearsoniana, may also be highly vulnerable
to predation from trout. Although L. lesueuri complex species
were less palatable, L. booroolongensis has also declined
(Gillespie and Hines 1999; NSW NPWS Scientific Committee
Determination Advice No. 97/27). Other factors such as
habitat degradation may be involved but it remains unclear
what impact trout may have on these species. For example, an
egg mass of L. lesueuri was found in the stomach of a brown
trout (Rardik, ARI,Victoria, pers. comm.).This fish was able to
take out most of the annual reproductive investment of a
single female frog (several hundred eggs) in one sitting. It is
expected that predation pressure by trout on these species
will be high when alternative food resources are limited.

Impact of Predation by Gambusia

Gambusia has so far received the most scrutiny regarding its
potential impact upon Australian frog populations.The broad
distribution and wide range of habitats occupied by gambusia
means that it may potentially impact upon many lentic and
lotic frog populations across a large area of Australia.

Only one study has examined predation by gambusia upon
anuran eggs; Reynolds (1995) found that eggs of Crinia
insignifera and C. glauerti were unpalatable. Preliminary trials
also suggested that eggs of Litoria adelaidensis, L. moorei and
Crinia georgiana may also be unpalatable (Reynolds 1995).
However, several studies have shown experimentally that
gambusia are capable of preying on small larvae of a number
of Australian anuran species: Limnodynastes tasmaniensis,
Litoria lesueuri and L. dentata (Harris 1995); Crinia insignifera
and C. glauerti (Reynolds 1995); Litoria aurea and L. dentata
(Morgan and Buttemer 1996); Limnodynastes peronii and
Crinia signifera (Webb and Joss 1997).

A number of studies have identified negative associations
between the presence of gambusia and frog species. Dankers
(1977) found that tadpole numbers of several species were
drastically reduced in ponds containing gambusia after early
December, coinciding with a seasonal increase in fish biomass.
McGilp (1994) found a negative correlation between the
occurrence of Brown Tree Frog (Litoria ewingii) and that of
gambusia in waterbodies along the Yarra River in Melbourne.

Blyth (1994) compared survival and recruitment of three
species of Western Australian anuran larvae, Crinia glauerti, C.
insignifera and Heleioporus eyrei, in the presence or absence of
gambusia in experimental field enclosures.Tadpole survival of
all three species was significantly lower in the presence of
gambusia at the end of the experimental period. However,
the design of the enclosures allowed access for oviposition by
local frog populations, as evidenced by increases in numbers
of experimental animals in some enclosures. Other potential
predators of premetamorphic stages also had access, such as
invertebrates and birds. Furthermore, each species/fish
treatment was not replicated.These factors limit
interpretation of the results of this study.
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Webb and Joss (1997) examined amphibian species richness
and abundance in relation to gambusia density and cover of
emergent aquatic vegetation in ten ponds near Sydney.They
found a significant negative relationship between fish density
and frog abundance but no relationship for species richness.
The descriptions provided for each waterbody indicate a high
degree of variability in habitat among pond sites. Unfortunately
additional factors such as pool size and native vegetation cover,
which may strongly affect frog abundance, were not considered
in their analyses.Tadpole density is easier to sample
systematically than adult frog density in pond habitats (Heyer et
al. 1994). Given that tadpoles are one of the life stages on
which gambusia potentially preys upon, a measure of their
relative abundance, rather than that of adult frogs, will provide
a more reliable indicator of the impact of gambusia.

Reynolds (1995) examined the occurrence of six anuran
species with gambusia in water bodies near Perth,Western
Australia. In contrast to the above studies, he found no
relationship between the presence/absence of fish and
individual anuran species, with one exception, Crinia insignifera,
which was found infrequently with gambusia. However, he
observed that most of the sites used by C. insignifera were
ephemeral and unsuitable for gambusia. Species richness was
generally lower at sites occupied by gambusia, but many of
these sites were also degraded, contributing to their
unsuitability as frog breeding habitats.

In addition Reynolds (1995) experimentally examined
predation by gambusia on several tadpole species in Western
Australia.Trials with tadpoles indicated that gambusia were
able to attack and kill tadpoles of L. adelaidensis, C. georgiana
and H. eyrei. Controlled palatability experiments showed that
survival of L. moorei tadpoles was significantly reduced in the

presence of gambusia. However, gambusia showed a strong
preference for invertebrate prey (Daphnia sp. or mosquito
larvae). Both groups were consistently consumed completely
before tadpoles in all trials. In a field enclosure experiment, in
which tadpoles were also exposed to invertebrate predators,
Reynolds (1995) found no significant difference in survival in
the presence or absence of gambusia.These results, in
conjunction with his field survey data, suggest that the impact
of gambusia upon populations of these frog species is
influenced by several factors, and under natural conditions
may be limited.

Gambusia cannot consume large prey as these small fish are
gape-limited predators.Webb and Joss (1997) conducted
predation experiments examining the impact upon survival of
different size classes of C. signifera and Limnodynastes peroni
tadpoles by hungry and pre-fed gambusia.They found
significant differences between predation rates due to tadpole
size class and hunger status of fish.Tadpole species which are
able to rapidly attain moderate to large size may therefore
minimize the impact of predation (Caldwell et al. 1980;
Crump 1984).

Several studies have reported damage to the fins of larger
tadpoles from gambusia attack (Dankers 1977; Blyth 1994;
Harris 1995).This could result in reduced survival of larger
tadpoles due to reduced mobility and feeding, inability to
escape other predators, or reduced metamorphic fitness.
However, some tadpole species have been found to survive
tail loss (Harris 1995).Wilbur and Semlitsch (1990) reported
tail regeneration by tadpoles of Rana catesbeiana even after
considerable loss, and suggest that this may be a general
mechanism to reduce the impact of predation.

TABLE 2: List of introduced fish and native frog species-interactions that have been examined in Australia.

Fish species Frog species Source

Brown Trout Booroolong Frog Litoria booroolongensis Gillespie (1997), unpublished
(Salmo trutta) Blue Mountains Tree Frog L. citropa Gillespie (1997), unpublished

Lesueur’s Frog L. lesueuri Gillespie (1997), unpublished
Leaf-green Tree Frog L. phyllochroa Gillespie (1997), unpublished
Spotted Tree Frog L. spenceri Gillespie (1997), unpublished
Striped Marsh Frog Limnodynastes peroni Gillespie (1997), unpublished

Rainbow Trout Leaf-green Tree Frog L. phyllochroa Gillespie (1997), unpublished
(Oncorhynchus mykiss) Spotted Tree Frog L. spenceri Gillespie (1997), unpublished
Eastern gambusia or Slender Tree Frog Litoria adelaidensis Reynolds (1995)
Mosquito Fish Green and Golden Bell Frog L. aurea Morgan and Buttemer (1996);
(Gambusia holbrooki) Pyke and White (1996)

Kerferstein’s Tree Frog L. dentata Harris (1995); Morgan and
Buttemer (1996)

Moor’s Frog L. moorei Reynolds (1995)
Lesueur’s Frog L. lesueuri Harris (1995)
Tschudi’s Froglet Crinia georgiana Reynolds (1995)
Glauert’s Froglet C. glauerti Blyth (1994); Reynolds (1995)
Sign-bearing Frog C. insignifera Blyth (1994); Reynolds (1995)
Common Froglet C. signifera Webb and Joss (1997)
Moaning Frog Heleioporous eyrei Blyth (1994); Reynolds (1995)
Striped Marsh Frog Limnodynastes peroni Webb and Joss (1997)
Spotted Marsh Frog L. tasmaniensis Harris (1995)

Goldfish Spotted Marsh Frog L. tasmaniensis M. Healey (unpublished data)
(Carassius auratus)
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Concerns for the role of gambusia in the decline of
amphibian species, particularly members of the L. aurea
complex, have been expressed by several authors (Mahony
1993; Daly 1995; Morgan and Buttemer 1996;White and
Pyke 1996;White and Ehmann 1997). However, evidence
linking gambusia to declines of frog populations in the L. aurea
complex is limited, due in part to conflicting findings and
methodological limitations of some studies.

For example, Morgan and Buttemer (1996) conducted
controlled predation experiments examining the impact upon
survival of tadpoles of L. aurea and L. dentata by gambusia.
The influence of macrophytes on the predatory impact of
gambusia was also examined.They found that in the absence
of macrophytes gambusia were able to significantly reduce
tadpole survival of both species within 24 hours. In the
presence of macrophytes, the effect was substantially reduced
and no significant impact of gambusia could be detected on 
L. aurea after three days. However, survival of L. dentata was
still significantly reduced after two days.These findings indicate
that presence of gambusia may significantly influence the
survival of tadpoles, but that this is likely to be strongly
influenced by habitat structure and tadpole behaviour. Litoria
aurea larvae have also been found in sympatry with native
predatory fish (pers. obs.). In the absence of comparative
data on the impact of these natural predators upon larval
survival, it is difficult to assess the relative ecological
significance of gambusia predation.

Pyke and White (1996) surveyed waterbodies in the Sydney
region for L. aurea, and examined associations between
evidence of breeding, occurrence of introduced fish, and
habitat.They found that breeding was most strongly associated
with ephemeral rather than permanent or ‘fluctuating’ ponds,
followed by the absence of introduced fish, primarily gambusia,
and speculated that this fish was a major cause of decline of L.
aurea (Pyke and White 1996). However, examination of their
data reveals that pond permanency and occurrence of
gambusia are highly correlated and so the results could also
be explained in terms of unmeasured features of pond
permanency, or abundance of other predators.

White and Ehmann (1997) suggest that gambusia is also
implicated in the decline of L. flavipunctata, a closely related
species to L. aurea. However, Osborne et al. (1996) point out
that many of the sites from which this species has
disappeared do not contain gambusia. Furthermore, both 
L. aurea and L. raniformis, an ecologically similar species which
hybridises with L. aurea (Watson and Littlejohn, 1985), have
been recorded in abundance at some sites containing
gambusia (van de Mortel and Goldingay 1998; Gillespie pers.
obs.; Pyke, Australian Museum, pers. comm.).

The role of gambusia in the decline of L. aurea is unclear. Other
factors require careful consideration, such as pond duration,
habitat quality, presence of other aquatic predators and
availability of refugia. Evidence of gambusia having a major impact
on the abundance of other Australian amphibians is also unclear.
However, many of the studies to date have demonstrated that
gambusia are capable of killing a variety of tadpole species and
eggs. Considering the wide distribution of gambusia, it probably
does have significant impacts on some native amphibian species,
particularly in the eastern states where seasonal peak fish
abundance coincides with the larval stages of many species

(Reynolds 1995). Further research is required to ascertain the
role of gambusia in the decline of amphibian species assemblages
with respect to other threatening processes. For instance, as
gambusia occur in areas which are mostly disturbed or modified
in other ways, the relative impacts of these habitat changes upon
amphibian populations need to be differentiated from those
wrought by the fish.

Impacts of Predation by Redfin Perch and
Carp Species

Research overseas suggests that redfin perch and carp species
may be major predators of some tadpole species. No
published studies have addressed the impact of carp species
or redfin perch upon frogs in Australia. Leslie (1995) has
attributed the decline of frogs in some wetlands in the
Murray-Darling Basin in part to predation on
premetamorphic stages by carp species. Healey et al. (1997)
observed no evidence of frogs breeding in four billabongs on
the Murrumbidgee floodplain and suggested that this may
have been explained by the presence of carp species.
However, no observations were made at sites where carp
were absent and the absence of tadpoles could be explained
by a number of alternative abiotic and biotic hypotheses.
Laboratory predation experiments have shown that tadpoles
of Limnodynastes tasmaniensis are palatable to goldfish and
redfin perch (Healey, Charles Sturt University,Wogga Wogga,
pers. comm.), indicating the potential for these species to
consume tadpoles. However, it is unknown whether they prey
on tadpoles in the wild when alternative food is available.
Carp are able to significantly modify the physical habitat of
aquatic systems, by uprooting aquatic vegetation and
increasing turbidity (Roberts et al. 1995).These changes may
have indirect impacts on tadpoles through loss of food
resources, cover for protection from other predators, and
loss of oviposition sites.

Broader Implications of Introduced Fish 
for Australian Amphibian Species

The evidence presented here strongly suggests that
introduction of exotic fish or translocation of native species
could have an enormous impact on the amphibian
assemblages of Australian freshwater systems. However, in
many cases the impacts have not been investigated. For
example, the impact of carp species on Australian amphibian
assemblages has not been examined, despite their
widespread distribution and frequently-raised concerns about
their adverse effects upon freshwater systems.

Introduced fish within mainland Australia are currently
generally restricted to the eastern sea board, Murray-Darling
system and south-west Western Australia.This distribution
also overlaps with regions of high amphibian species richness
(see Barker et al. 1996). Consequently a large proportion of
Australian anurans are potentially affected by one or more
introduced fish species.

Species most likely to be affected are those which breed in
permanent aquatic habitats, such as streams and wetlands.
However, many which breed in more ephemeral habitats,
such as billabongs and temporary pools along flood plains of
rivers, may also be affected as these habitats are seasonally
colonised by introduced fish when water courses swell.
Changes to the rural landscape within these regions have
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resulted in removal of many natural ephemeral aquatic
habitats and the expansion of more permanent habitats by
way of stock dams.These are the only breeding habitats in
some areas for species which would otherwise breed in
ephemeral water bodies. Farm dams are often stocked with
introduced and native angling species which are likely to
impact these amphibian assemblages.These habitats may have
become ecological sinks for some species.

A large proportion of Australia’s threatened amphibian
species breed in habitats currently occupied by, or within the
range of, introduced or translocated fish. Lotic species
assemblages are particularly vulnerable.The range of
introduced trout species includes part or all of the
distributions of ten south-eastern Australian lotic species, five
of which have declined (Tyler 1997; NSW NPWS Scientific
Committee Determination Advice No. 97/27; Gillespie and
Hines 1999). Some populations of these species are probably
exposed to redfin perch and gambusia as well.

The three species currently recognised within the L. aurea
complex have all declined. Gambusia occur throughout much
of the range of these species. Redfin perch and carp species
occur throughout most of the range of L. flavipunctata,
L. raniformis and in part of the range of L. aurea. Gambusia
have already been implicated in the decline of this species
group; redfin perch and carp species may also be contributing.

Other regions of Australia which contain significant amphibian
assemblages, but are currently free of introduced fish, such as
the Wet Tropics, may be at risk in the future if further
introductions of other exotic fish species occur.

Potential for Introducing Exotic Pathogens

Recent studies have suggested that an introduced pathogen
may be responsible for amphibian declines in Australia and
Central America (Blaustein et al. 1994; Laurance et al. 1996;
Lips 1998; Berger et al. 1998).The potential for the
introduction of disease into Australian freshwater systems via
the importation of fish for the aquarium trade has been
clearly identified (Mckay 1984; Laurance et al. 1996). Laurance
et al. (1996) has suggested that a pathogen introduced in this
way might be responsible for frog declines in north-east
Queensland, but at this time there is no evidence to support
this (Hero and Gillespie 1997; Alford and Richards 1997).
However, disease risk imposed by the continual importation
of live freshwater fish into the country cannot be ignored.

MANAGEMENT SOLUTIONS

The importation of exotic fish for the aquarium trade should
only be acceptable following rigid quarantine protocols that
eliminate the possibility of introducing pathogens either with
the fish or the water they are transported in.The aquarium
trade should be advised of the potential impact of introduced
pathogens and fish species and a shift towards the use of
native fish species for the pet-trade encouraged. Similarly,
gambusia should not be introduced into new systems for
mosquito control; alternatively native fish species local to the
area may be more suitable.

Once fish have been introduced into an aquatic system and
established self-sustaining populations, they are extremely
difficult to remove. Small, confined water bodies, such as dams,

can be drained to effect 100% removal. However, this option
is usually not available. Most introduced fish in Australia occur
in streams or larger waterbodies which cannot easily be
drained.There have been numerous attempts in the United
States of America to eradicate unwanted fish populations
from streams and lakes, using a variety of techniques, such as
electrofishing, netting and poisoning.The only demonstrated
successful approach for complete removal of fish from these
systems is with a toxicant.This approach has become a
standard management technique throughout the USA
(Eschmeyer 1975), mainly as a fishery technique to improve
populations of recreational over non-recreational species
(Ryan 1977). More recently this has expanded to aquatic
conservation to protect threatened fauna from introduced fish
species. However, examples of treatments designed to
accomplish a complete kill, as required for long-term
exclusion, are few and, of these, only few have been successful
(Rinne et al. 1981; Gresswell 1991; Stefferud et al. 1992).

There has been only one successful eradication of salmonids
from any Australian waters.This was conducted in several small
mountain streams in eastern Victoria as part of the
implementation of the barred galaxias Recovery Plan (Raadik
1993).Artificial trout barriers were established across the
streams and all fish above the barriers and below remaining
native fish populations were killed with rotenone, allowing the
native species to recolonise the rehabilitated zones (Raadic,ARI,
unpublished data). Expanding this approach to larger water-
courses is problematic. It is more difficult to effect a complete
eradication due to an exponential increase in stream length and
complexity with increased catchment size, barrier construction
becomes increasingly more difficult and expensive on larger
streams, and the risk of re-introduction also increases. Saddlier
and Gillespie (1997) assessed the feasibility of excluding trout
from streams to protect populations of L. spenceri. Of the 13
streams examined, exclusion was considered feasible only on
reaches of three streams because of the above constraints. If
successful this would afford protection to approximately 7 % of
the current range of the species.

The environmental and socio-economic costs of eradicating fish
must also be measured against the longer-term benefits to
conservation. Several problems arise with eradication programs.

1. Native fish species and some invertebrate groups are also
affected by rotenone, which disables gill function.

2. Most large waterbodies such as lakes and streams are also
used to supply water for human consumption and
recreational purposes, including fishing; hence poisoning
may risk human health. Furthermore opposition by the
recreational fishing community is likely to influence the
political decision-making process.

3. For waterbodies which are used for angling, there is a high
risk of reintroduction of popular angling species by
members of the public.These factors further restrict the
range of circumstances in which eradication of introduced
fish is feasible.

In the future it may be possible to develop biological agents
to control introduced fish populations. However, this would
be extremely costly and take many years to develop. Clearly,
in many instances removal of introduced fish for maintenance
of amphibian populations is not feasible at this time.
Management should focus therefore on identifying and acting
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on those habitats where the feasibility of removal of
introduced fish is high, and restricting the spread of existing
exotic species and further introductions of more species.

There is a strong fishing culture in Australia which has a large
focus on introduced species. Many introduced species, such as
salmonids and redfin perch, continue to be considered desirable
alien species by State agencies. However, servicing this culture
continues to erode the biotic integrity of Australian freshwater
systems.There needs to be a shift in emphasis by State fisheries
managers from introduced fish to native species.The ongoing
commercial stocking programs for some introduced species in
some States, such as salmonids, pose a major threat to several
significant amphibian assemblages. Discontinuation of stocking
programs, especially in regions where the fish populations are
not self-sustaining, will greatly benefit the conservation of some
amphibian species.The needs of recreational fishing must be
balanced with the benefits derived from maintaining natural fish
assemblages. Control of exotic fish stocks may enhance
remaining native fish stocks which are also suited to recreational
fishing pursuits, while maintaining natural assemblages of native
invertebrates and amphibians. It is important to emphasise that
native species should not be released into systems in which
they did not occur naturally.

CONCLUSIONS AND FUTURE DIRECTIONS

In summary, fish are a major influence on amphibian assemblage
structure. Hence, they play a major role in determining the
distribution and abundance of amphibian species.The
introduction of exotic fish to aquatic systems has the potential
to eliminate amphibian species.Additionally there is potential to
introduce disease or pathogens into freshwater systems.These
changes may be extremely detrimental to the long-term
survival of some species, undermine amphibian communities
and disrupt natural aquatic systems. In view of the large number
of introduced fish species and extensive distribution of some of
these within Australia, many amphibian communities are
currently vulnerable to impacts from exotic fish.

Limited research has been carried out in Australia on the
impact of introduced fish upon amphibian assemblages.
However, there is strong evidence from both overseas and
within Australia that those fish species which have been
introduced pose a serious threat to a range of anuran
species, a number of which have already declined. In
particular, trout have been shown to be responsible for the
decline of at least one threatened species (L. spenceri), and
gambusia has been suggested in the decline of others.The
impact and management of introduced fish therefore
warrants serious consideration in the development and
implementation of recovery plans for declining frog species.

Further information is required to assess the impact of
introduced fish upon amphibian assemblages throughout the
range of habitats and regions in which they have spread. This
is essential to gain a proper understanding of the role of
introduced fish in frog declines, and identify management
objectives. Priority should be given to the following areas of
investigation:

Determine which introduced or translocated fish species
are impacting upon frog communities, and which frog
species and communities are most at risk.

Information is required for most fish species which have
established self-sustaining populations and a range of exotic
and native species which are readily introduced in frog
habitats. Information is urgently required on the impacts of
redfin perch and carp species, which are widespread and
potentially affect numerous frog species, particularly in the
Murray Darling system and New England Tablelands region of
NSW where several frog species have disappeared. More
information is required to ascertain the impact of gambusia in
Eastern Australia, particularly on the L. aurea complex.The
impact of trout upon all upland temperate lotic anuran species
in south-eastern Australia also requires further investigation.

Broad-scale surveys are required to determine relationships
of occurrence of frog species in relation to the distribution of
introduced and native fish, and a range of other biotic and
abiotic variables.The ability of fish species to impact frog
communities should be tested experimentally.The relative
effectiveness of tadpole survival strategies amongst species in
the community to native sympatric predators and introduced
species should be compared. Predation experiments should
include adequate replication and use of known palatable and
unpalatable (where available) tadpole species as controls. Fish
density, fish size and tadpole sizes that replicate field
observations should also be factored into experimental
designs.The ability of fish to prey upon eggs should also be
examined if possible as this may be a more vulnerable life
stage for some species.

Ascertain the relative importance of the role of
introduced fish in frog population declines with relation to
other biotic or abiotic factors.

Relative impact of introduced fish must be examined in
conjunction with other factors potentially limiting survival,
such as habitat degradation. Other biotic or abiotic factors
may either exacerbate or ameliorate the impacts of introduce
fish on frog populations. Surveys to determine relationships
between occurrence of fish and frogs should incorporate
collection and analysis of confounding biotic and abiotic
habitat variables (e.g. hydroperiod, water quality, aquatic
vegetation, adjacent adult habitat, native predator abundance,
etc.).These should be designed where possible with adequate
power in sample size (i.e. adequate number of waterbodies)
to assess the relative contributions of introduced fish and
other factors which significantly influence occurrence of frog
species.

For some species which are rare or have limited distributions,
surveys of this kind are likely to have inadequate power.The
relative impact of introduced fish can be examined in field
experiments conducted in stream or pond enclosures which
closely mimic conditions experienced in natural breeding
bodies, incorporating natural levels of cover, sympatric
predators and hydroperiod. One or more variables can be
manipulated, in conjunction with predator levels to assess
their relative contributions to larval mortality.

The threats imposed by introduced fish to Australian
amphibian assemblages require immediate and on-going
attention by conservation and fisheries managers.The
possibility of eradication of introduced species should be
assessed on a case by case basis; however, this is currently
expected to have limited feasibility in many instances.There is
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a strong need for development of improved effective
eradication techniques. However, the immediate priority for
managers should be prevention of further translocations and
introductions of fish species. For those species under serious
threat from introduced fish, all extant populations currently
free of introduced predators should be identified and
appropriate steps taken to ensure that fish are not introduced.

Current policies and management of introduced fisheries and
the aquarium-trade require review and need to take into
consideration the potential impact upon amphibian
assemblages. Enhancement of native fisheries, rather than
those based upon exotic species should be encouraged.
Stocking programs for introduced fish should be discontinued
in aquatic systems known to support vulnerable amphibian
species.Tighter control of the importation and maintenance
of ornamental species is required, particularly of those
species with potential to establish self-sustaining wild
populations and impact upon native biota.The public also
need to be educated about adverse effects of releasing or
translocating fish on amphibians and other biota.
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