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10. Future importation status of species on the DEWHA live import list

10.1 Introduction

Of the 23 species reviewed in this report, ten are currently listed under Part 1 of the
DEWHA live import list (i.e. the schedule entitled ‘List of specimens taken to be
suitable for live import’ - Environment Protection and Biodiversity Act 1999). This
means they can be imported to Australia without a permit. Part of the brief for this
report was to examine what is currently known about these ten species and to make
recommendations to the DEWHA as to whether they should remain on the Part 1 list
(i.e. the do nothing option) or, because of any unacceptable potential environmental
cost, be shifted to the Part 2 list of the schedule (i.e. species which do require an
import permit from the DEWHA). A third option would be to remove the species from
both lists on the basis that no further stocks should be imported.

The ten species on the Part 1 list are shown in Table 10.1. There is no ornamental
species currently on the Part 2 list. There are also many species of ornamental fish in
Australia that do not appear on the live import list. Some of these species have been
proposed for listing under the Noxious Species and Grey Species list established by
the Strategic Approach to the Management of Ornamental Fish in Australia (NRMMC
2006). Confirmation of species on the noxious species list would result in a ban on
future importation.

In this chapter of the report, we draw upon the results of the species reviews and
knowledge of the known distributions of these species in Australia to assess their
relative potential for creating widespread impacts. This ‘potential ecological cost’ is
then contrasted with the relative value of the species to the ornamental fish industry
and the consequences of any restriction on imports to determine whether their
importation status should be changed. It should be noted that listing on the live import
list is independent of any listing under the Quarantine Act. The latter is designed to

reduce risks of introducing pathogens and parasites into Australia.

10.2 Approach taken

An alien species becomes a nuisance to society when it causes an unacceptable
ecological impact that requires a management action to ameliorate it, or would require
such action if it were technically possible to provide it at an acceptable cost. However,
nuisance species only become pests when they spread widely and such management
requirements escalate. To assess the potential risk of an alien ornamental species
becoming a pest fish species in Australian waters we examined firstly the risk that a
species will cause a decline in native fauna, especially native fish, and secondly the

extent to which it might be expected to spread (i.e. its potential invasiveness).
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Table 10.1: Current listing of the 23 ornamental fish species in relation to their importation status
(no ornamental fish species are currently listed under Part 2 of the schedule of fish
allowed to be imported). Proposed noxious and grey list species as in Tilzey (2005).

Common name Scientific name Current listing

Live import Proposed Proposed
list-Part 1 noxious grey list
species species species
Family Cichlidae
Hybrid cichlid Labeotropheus/Pseudotropheus
Jewel cichlid Hemichromis bimaculatus
Victoria Burton's Haplochromis burtoni
haplochromis
Black mangrove cichlid Tilapia mariae yes
Redbelly tilapia Tilapia zillii yes
Mozambique tilapia Oreochromis mossambicus yes
Oscar Astronotus ocellatus yes
Three-spot cichlid Cichlasoma trimaculatum
Jack Dempsey Cichlasoma octofasciatum
Red devil Amphilophus labiatus yes
Midas cichlid Amphilophus citrinellus yes
Convict cichlid Archocentrus nigrofasciatus
Blue acara Aequidens pulcher yes
Family Poeciliidae
Green swordtail Xiphophorus hellerii yes
Platy Xiphophorus maculatus yes
Sailfin molly Poecilia latipinna yes
Guppy Poecilia reticulata yes
Caudo Phalloceros caudimaculatus
Family Osphronemidae
Three-spot gourami Trichogaster trichopterus yes
Family Cobitidae
Oriental weatherloach Misgurnus anguillicaudatus yes
Family Cyprinidae
Goldfish Carassius auratus yes
Rosy barb Puntius conchonius yes
White cloud mountain minnow  Tanichthys albonubes yes

The former assessment requires some knowledge of fish size, habitats (e.g., river,

stream, lake) and feeding ecology (e.g., piscivory, omnivory, herbivory) and whether

it displays aggression to other fish species. This assessment also includes any

observations of the outcome of interactions with native fauna either in other countries

or in Australia. The information for this assessment is taken from chapter 4 of this

report.

The latter assessment requires an appraisal of the species capacity to spread unaided

once established in the wild. This too requires some assessment of habitats that can be

occupied (e.g., still versus flowing waters, fresh versus brackish waters) and it

involves consideration of its likely tolerances of water temperature, salinity and

oxygen as these have a bearing on its potential geographic range. However,

invasiveness also needs to account for spread by vectors such as anglers, aquarists,

birds etc. The information for this assessment is also taken from chapter 4.
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Removal of a species from the live import list on the basis of its potential ecological
impact would make little sense if it was already widespread in the wild, especially if
its continued importation was of high value to the ornamental fish industry. It would
only be considered if its continued importation presented an unacceptable disease risk
to the Australian Quarantine Investigation Service. Conversely, removal of a species
from the list should be seriously contemplated if its risk of becoming a pest is high, its
value to the industry is low, and a reduction in its importation would reduce the risk of
it becoming more widespread (i.e. propagule pressure is reduced such that the risk of
spread and establishment declines). The assessment of whether a species should stay
on the live import Part 1 list therefore needs to contrast the potential loss to the
industry of removing it from this list against the loss to society if it proves to be a pest
species and subsequently results in widespread, irreversible ecological damage. To
assess the overall cost/benefit of removing it from Part 1 of the live import list (i.e. of
reducing its rate of importation) we took into account the number of fish imported by
the industry and the overall value of these (see chapter 7). We also examined the
extent to which a curb on imports might restrict its current distribution within the wild
(chapter 2) and whether it could be artificially bred in large numbers in Australia
should imports be restricted.

These factors are weighed for each species below and our recommendations are based

on a judgement of the overall cost-benefit of retaining each species on the Part 1 list.

10.3 Species assessments

Oscar (Astronotus ocellatus): Under the right conditions, oscars can grow to a large
size (40 cm) and have been shown to be capable of feeding on other small fish as well
as on invertebrates. The males display aggressive behaviour to other fish during
spawning and this species is known to ‘burrow’ into the substrate (probably during
nest preparation). These attributes collectively indicate a relatively high behavioural

potential for impact on native fish and invertebrates.

This species also has a high propensity to spread. It has an oval-shaped, laterally
compressed body form and is reported to occur mainly in slow-flowing waters such as
occur in the lower regions of rivers and in lakes and reservoirs. Its temperature
tolerances indicate a broad potential geographic range but this can be expected mainly
in the warmest and hence northernmost regions of Australia. It can inhabit degraded
waters such as swamps, ponds, canals and ditches where oxygen levels can be low at
times. It is regarded as a good food fish and a sport fish in some parts of the world, so
can be expected to be spread by humans. This, together with its wide ‘potential’
geographic distribution and propensity to cause an impact mean that it has a high risk

of becoming a pest species.

Even though the number of oscars imported to Australia is relative low (in the order of
tens of thousands) the overall value of importations to the ornamental fish industry is
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rated as high. Given its limited known distribution in Australia at present (i.e. Ross
River and Cairns), but its high potential for both impact and spread by human vectors,
its future distribution needs to be more tightly controlled and in this respect controls
over importation would be useful. It can be artificially bred in warm-water aquaria so
its transfer from the Part 1 to Part 2 list of the live import schedule should be seriously
considered so long as this will restrict rather than promote its spread in the wild. Its
long-term future importation status in Australia will depend on clarification of its

potential to create impacts.

Blue acara (Aequidens pulcher): The blue acara is a small fish (maximum size 16
cm) and it is reported to be an omnivore, but is also capable of feeding on small fish. It
too is a bottom disturber. Like the oscar it has an oval-shaped, laterally compressed
body form but it is more elongate and hence tends to occur in faster flowing waters as
well as in still-water environments such as ponds and canals. It occurs over a wide
range of temperatures but because of its ability to occupy flowing water habitats can
be expected to have a wider potential distribution in northern Australia than the oscar.
Its propensity for spread by human vectors is potentially lower because of its lower

utility.

Currently the number imported is relatively low (e.g., low tens of thousands) and its
overall value is not as high as the oscar. Given this and its current limited distribution
in the wild (i.e. heated water from the Hazelwood Power station near Melbourne,
Brisbane creeks and a dam) it should also be considered for transfer from Partl to Part
2 of the live import list schedule and require a permit before importation. It is readily
bred in captivity.

Green swordtail (Xiphophorus hellerii): The green swordtail is a small-sized fish
(maximum size 14 cm) and it has been shown to feed on small native fish in Australia.
Although it is generally peaceful in aquaria, it can be aggressive towards other fish
and has been associated with the decline of native fish in several Australian studies so

is capable of impacting on the native freshwater fauna of Australia.

It has an elongate, cylindrical body form and occupies more rapidly flowing streams
and rivers than the blue acara, but also occurs in still water environments. It tolerates a
similar range of water temperatures to the blue acara, but can cope with degraded
environments where oxygen levels are often low as well as slightly brackish water
environments. It is therefore likely to have a similar distributional range to the oscar,
but can be expected to occupy a much wider range of habitats within this. For example
swordtails have become established in several small Brisbane streams that are likely to
be too cold for the oscar but which contain gambusia (pers comm., Brett Herbert).
Although it is used for genetics research in scientific laboratories, it has little other
utility than in the ornamental fish industry and so its spread in the wild is likely to be

slow and related mainly to releases by aquarists or escapes from ornamental ponds.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 214



—NIWA_—

Australia

Nevertheless, it already occurs sporadically along a wide length of the Queensland

coast and this probably reflects its greater use in aquariums and ponds.

It is of high value to the industry primarily because of the large number imported
(high hundreds of thousands). Despite this high value, its potential for impact across a
wide swathe of Australia is high. Given its current limited distribution in Queensland,
it too should be considered for transfer from Part 1 to Part 2 of the live import

schedule.

Platy (Xiphophorus maculatus): The platy is a smaller fish (maximum size 6 cm)
than the swordtail or blue acara and unlike these species is not reported to prey on
other fish or to exhibit aggressive behaviour to other species of fish. However, it does
eat small invertebrates and so may compete with other fish for food if population
densities are high. This could result in the exclusion of other fish from habitats
frequented by platys and hence a reduction in the distribution of the native fauna.
Although there are reports warning of impacts by platys in other countries, we could
find no data to either confirm or deny these. At present, the platy is widely distributed
in many waters in coastal Queensland and so it should be possible to test such

concerns about its potential impact.

This species is of high value to the industry and has a wide geographic distribution
along the Queensland coast. A curb on imports would have little benefit in terms of
restricting its future spread in this State but would adversely affect the industry. For
this reason, removal of this species from the Part 1 list would be of little use in
restricting its spread within this State. Should studies of field populations in
Queensland indicate that impacts are occurring, the importation status of this species
would then need to be reviewed, particularly as this applies to the potential spread of
platy within the Northern Territory and Western Australia.

Sailfin molly (Poecilia latipinna): The sailfin molly can grow up to 15 cm in length
and is adapted to occupy still or slow-flowing shallow waters. Although there are few
studies of its diet in the wild, it appears to be mainly herbivorous and to feed on algal
material. It is also non-aggressive and so any impacts on native fauna can be expected
to be mainly indirect (i.e. through changes mainly in food webs). Concerns about its
potential impact are therefore low but with the caveat that there are few studies of its

feeding in the wild to confirm its herbivorous nature.

Its risk of spread is somewhat higher than that for the platy because wild fish are
reported to have larger ‘sailfins’ and this may encourage its release into the wild by
some aquarists to create harvestable populations. It is also tolerant of a broad salinity
range which increases the risk of it establishing in inland brackish-water lakes.
Nevertheless, it is only reported from a few locations along the Queensland coast to

date and is less widespread than the platy.
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At present, it is a highly valued species with imports ranging in the high hundreds of
thousands and, apart from the fact that it is currently known from few locations in the
wild (i.e. its distribution in the wild is probably very limited), there is no good reason

to justify its removal from Part 1 of the live import list.

Guppy (Poecilia reticulata): The guppy is, like the platy, a small fish (maximum size
6 cm) and has not been reported to prey on other fish (apart from its fry). It is
omnivorous and is known to be an egg eater, so could affect native fish that spawn on
the substrate in shallow waters. There are several reports of impacts in other countries
but as yet no evidence has been produced to substantiate these reports.

Like the platy it is already widespread, occurring in coastal waters along the coast
from northern Queensland to New South Wales. It prefers warm waters but has a wide
tolerance of water temperature and copes with a range of salinities. Its potential
geographic distribution is therefore large, but within this it would tend to occupy still

or slow-flowing waters rather than faster-flowing waters.

Its widespread distribution in coastal Queensland and New South Wales provides
plenty of scope to determine its impact on other fish in the wild in Australian waters
and means that there is little point in curbing imports to restrict its spread here,
especially as it has high value to the industry. As with the platy, removing this species
from the Part 1 of the live import list is not warranted at present. However, should
studies of field populations in Queensland indicate that impacts are significant, the
importation status of this species may need to be reviewed to restrict its future spread

within the Northern Territory and Western Australia.

Three spot gourami (Trichogaster trichopterus): The three spot gourami is a
medium sized fish (maximum length 15 cm) and is omnivorous. There are no reports
of it preying on other fish or displaying aggression and no reports of it affecting native
fish in other countries where it has been introduced. This may be taken to indicate a
lack of impact potential, but there are few studies of this species in the wild and so it is

characterised by a distinct lack of information.

It is found mainly in still or slow-flowing freshwater habitats and can tolerate low
oxygen levels. There are no anthropogenic factors known to enhance its risk of spread
and it currently has a very restricted known distribution within Australia. However, in
its natural habitat, it is reported to undertake seasonal migrations between standing
waters and flood plains. This migratory behaviour would enhance its spread within a

river system once it is established there.

This species has a high value to the ornamental fish industry because of the high
number of imports and a curb on importation would harm the industry. At present
there is too little known about it to warrant a recommendation on its importation
status.
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Goldfish (Carassius auratus): The goldfish is a ubiquitous species found in many
parts of the world and is not known to directly affect other fish species. It is primarily
a detritivore. There is some concern about high densities of this species increasing
turbidity levels and promoting blue-green algal blooms in shallow, eutrophic waters.
There is also concern about its impact on trout cod (Maccullochella macquariensis)
presumably as a result of habitat modification. These concerns have not been
substantiated to date, and if so, are likely to be limited to habitats where population

densities are high.

The goldfish has a wide distribution within south-eastern Australia, mainly occurring
throughout New South Wales, ACT and Victoria. This geographic distribution is not
expected to change greatly and a curb on importation is unlikely to affect its
distribution in the wild. The species is of high value to the ornamental fish industry
and therefore there is no ecological justification to remove it from Part 1 of the live
import. However, the disease burden is high in goldfish (see chapter 5) and there may
well be a strong epidemiological and pathogenic justification for removing it from this
list. This aspect of environmental risk is the responsibility of the Australian

Quarantine and Investigation Service.

White cloud mountain minnow (Tanichthys albonubes): This species is very small
(maximum size 4 cm) and does not prey on the adult stage of other fish, although it
may consume fry at times. It is likely to be mainly carnivorous, feeding on small
insect larvae and zooplankton in small streams. It is a schooling fish and can be
aggressive to other species in aquaria, but there is a distinct lack of information on its
ecology in the wild.

Although its potential impact on other fish is unknown, its potential to spread is very
high because of its tolerance of low water temperatures, its ability to cope with
flowing waters, and its promotion (albeit misguided) as an alternative to gambusia for
mosquito control. In this sense, its potential geographic distribution could be expected
to match and even exceed that of goldfish. Its spread is likely to occur mainly as a
consequence of its deliberate but misguided introduction into waters for mosquito
control and/or its escapement from garden ponds. But its current known distribution is
limited to three sites indicating that, compared with some other ornamental fish
species, its introduction into the wild is either rare or that its survival after introduction

is very low.

Although this species may not have a major impact on native fish, or be spread
rapidly, its potential to spread and likely geographic range is wide. Hence, it could be
argued that a curb on importation is needed to help restrict its further spread until its
potential to create an impact or not can be better established. However, this species is
of high value to the ornamental fish industry because of the high number imported. A
curb on importation could harm the industry and if this species can be readily bred

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 217



—NIWA_—

Australia

from existing stocks within Australia (e.g., because of its low temperature
requirements), then a curb on importation may instead encourage more breeding
within Australia and this may then escalate its spread. Clearly, there is an urgent need
to better establish the potential environmental effects of this species in Australian

waters in order to guide its management.

Rosy barb (Puntius conchonius): The rosy barb is a small-sized fish with a
maximum length of 14 cm. Although it is not reported to prey on other fish it is
omnivorous and in aquaria has a reputation as a ‘spawn robber’. In aquaria, rosy barbs
are reported to swim near the bottom and a barb can be aggressive if no others are
present. Rosy barbs are capable of tolerating moderate water velocities and are likely
to form schools. There are no reports of impacts on native fish in the wild, but this
reflects a lack of study as against a lack of impacts.

Its ability to cope with moderate water velocities (e.g., fast-flowing hill streams) and
its tolerance of relatively low water temperatures means that like the white cloud
mountain minnow and goldfish, it can be expected to have a wide geographic
distribution in southern Australia if it is allowed to spread. In this sense, its potential

invasiveness is high but its potential impact is unknown.

It is a high value- high volume species for the ornamental fish industry and its known
wild populations in Australia are currently limited to two locations. A restriction on
importation would possibly disadvantage the ornamental fish industry and lead to
more breeding within Australia with a consequent greater risk of spread.

10.4 Recommendations

Our assessment of the cost/benefit of allowing continued importation without permit
of the species reviewed and currently on the Part 1 list of the live import schedule
indicates that three species could be considered for transfer to the Part 2 list (i.e.
require an import permit). These are the oscar, blue acara, and green swordtail.
Transfer to the Part 2 list implies control over importation by the DEWHA through
conditions on importation permits (e.g., more stringent health certification to be
applied by AQIS, restriction on where importation is allowed to restrict spread).
However, the aim and feasibility of such conditions would need to be more fully
explored on a species-by-species basis. Such a transfer would need to be justified by
consideration of the wide range of factors involved, including not only the disease risk
but also the potential for environmental impacts on native species (see Chapter 4) and
the regulatory implications for both DEWHA and AQIS. The aquarium supply
industry would be opposed to such a list transfer because it would not restrict the
spread of these species within Australia, and would make importation potentially more
difficult. Consequently, justification for such a transfer would be required more on the

risk of disease importation than on ecological impact grounds.
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There is insufficient justification in terms of ecological cost/benefit to remove the
other species from the Part 1 list at present. This aside, more information is clearly
required on the effect that platys and guppies may currently be having on the native
fauna in Queensland waters. These species are already widespread in freshwaters
down the Queensland coastline and so it may be possible to obtain such information.
If an impact can be demonstrated, then their future spread to freshwater habitats in the
northern territory and Western Australia would need to be prevented and a restriction

on importation to these States (if administratively feasible) may be warranted.

There was too little information to make any recommendation on the three-spot

gourami.

Although information on the potential for impacts was sparse for the white cloud
mountain minnow and rosy barb, the ability of these three species to cope with lower
water temperatures means that breeding is likely to be much easier in Australia than
for the other ornamental fish species. Consequently, the collection of information on
the biology and ecological interactions of theses species in the wild is a priority.

The recommendations above are based on ecological cost/benefit considerations and
not on threats to fish health posed by introduced pathogens (see Chapter 5). When
threats to fish health alone are considered, it is apparent that the goldfish, guppy and
three-spot gourami pose a greater risk than other species of introducing pathogens into
the wild that could prove damaging to native fish health as well as to other fish
resources such as salmonid fisheries and freshwater aquaculture industries. However,
there is too little scientific information on the pathogens and parasites present in
ornamental fish in the wild in Australia to fully assess these risks. Because of a
shortage of funds at present, there is no surveillance and monitoring to determine their
prevalence and distribution. In the absence of such funding, there is scope for more
public education to reduce the frequency of escapes from garden ponds and of
hobbyists releasing aquarium fish into the wild.

AQIS imposed new measures on the importation of live ornamental fish to Australia
in 1999 including official health certification, pre-export quarantine of two weeks, and
post-arrival quarantine for up to three weeks. The quarantine risk management
measures for the importation of ornamental finfish may be reviewed when relevant
scientific information becomes available that demonstrates that current risk

management measures are not effective.
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11. Summary and recommendations

This review of the impacts of ornamental fish species currently established in
Australian waters was not intended to provide an analysis of the regulatory structures
for alien fish in Australia or to provide comprehensive recommendations for the
management of such species. However, it is inevitable that some recommendations
will arise from such a review of impacts. The following recommendations are
therefore intended to complement those provided by individual states (e.g., DPIQ
2001) as well as those developed for application throughout Australia (e.g., Koehn and
MacKenzie 2004; DAFF 2005).

11.1 Distribution and spread of ornamental fish

Thirty species of alien fish used as ornamental pets in either freshwater aquariums or
ornamental ponds are now known to have established feral populations in the wild in
Australia. Clearly, only a small proportion of the total ornamental fish species present
in Australia have wild populations as the total number of species kept in aquaria and
ponds is likely to number in the many hundreds. Nevertheless, the addition of 30 alien
fish species to the Australian fish fauna represents a potentially large change that

could have major implications for native biodiversity in the future.

Some families of fish appear to be over-represented in the wild populations. In
particular, 19 of these 30 species are cichlids. In addition, there are 5 poeciliid species,
4 cyprinids, 1 cobitidid and 1 osphronemid species. However, no species in the
families Characidae, Cyprinodontidae or Callichthyidae are known to be present in the
wild despite the high number of species within these families that are kept in aquaria.

Reasons for this apparent disparity are not yet known.

The establishment of ornamental fish in the wild has accelerated over the past decade
in Australia and, if nothing is done, it is inevitable that in the future more species will
become established and those already present will spread to other areas. Apart from
the historic reasons for alien fish introductions (e.g., escapees from fish farms, sport
fish enhancement, bait fish, aquatic insect control, flooding of ornamental fish ponds,
live discards from aquaria) society is now less tolerant of ‘killing’ fish and animal
ethics considerations will increasingly result in more unwanted ornamental fish being
released alive into the wild. This trend is no doubt exacerbated by films such as
‘Finding Nemo’ which popularize and humanize small, colourful fish. Many aquarium
fish species are now widely established in many of the warmer, southern States of the
USA, particularly Florida. If northern Australian states such as Queensland are to
avoid a similar dilution of the native fish fauna by alien species, then urgent action is

required to halt the introduction and spread of more ornamental fish species.

The brief for this investigation required the assessment of 23 of the 30 species known

to be present in the wild. In general, most of these 23 species are utilised in tropical
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(i.e. warm water > 20°C) aquaria or garden ponds and can be expected to occur mainly
in the more northern regions of Australia. But three species thrive in colder waters and
so are likely to occur mainly in the south.

The mapping of the known locations of wild populations for the 23 species reviewed
illustrates their current geographical range in Australia and their prevalence within this
(Chapter 2). In addition, we provide maps for the known distributions of another four
species, known to occur in the wild. It should be noted that for many of these 27
species, this geographic distribution depends to a large extent on sampling coverage
and there are many gaps in this. Hence, the maps record only the known presence of
wild populations, not where the species is known to be absent, or where its
presence/absence is unknown because of a lack of sampling. No distributional data
were obtained for three of the 30 species reported to occur in the wild and their status

needs to be determined.

Some trends in species distributions are noted in more detail in Chapter 2. In
particular, most species occur in freshwaters along the Queensland coastline between
Brisbane and Cairns and the highest concentration of species occurred in the vicinity
of Townsville. This may well reflect a much higher level of sampling in these areas,
but without accompanying data on the number of sites or length of stream sampled in
the various regions or States this cannot be determined. Another trend was that the
wild populations of many species occurred close to major human population centres.
Again this may reflect sampling coverage (close to main centres) as against the release
of such fish close to major population centres, but the available data do not permit
such a comparison. Nevertheless, it is apparent that ornamental fish species are
increasingly being released into the wild in the often mistaken belief that this is a
humane way of disposing of unwanted fish and will cause no harm. The overall extent
of ornamental fish populations in the wild clearly makes a compelling case for public
education programmes to rapidly debunk this false paradigm.

Limitations in sampling coverage aside, it is apparent that some species of ornamental
fish are both widespread and relatively common (e.g., goldfish) whereas others, while
being widespread, have highly localised distributions (i.e. only a few wild populations
occur, but these occur over a wide latitudinal or longitudinal range). Other species are

highly localised and are currently known to be present in only one location.

Mapping provides a useful tool for the management of alien fish species and where
accurate can be used to monitor spread, determine priorities for management and help
identify optimal management strategies (e.g., containment versus control). It should be
noted that mapping is also a key tool for the management of native fish species. The
mapping exercise undertaken for this investigation revealed an urgent need for

coordination and control over the recording of fish species occurrence in Australian
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waters and the need for integration and/or coordination of such efforts between States

and Territories.

We therefore propose the following recommendations:

1. Explore the feasibility of adopting a national freshwater fish database
through consultation with the Australian Society of Fish Biology
(ASFB), the Australian New Guinea Fish Association (ANGFA) and
the relevant state, territorial and national agencies.

2. In the interim, set up a national database on the distribution of
ornamental fish species in the wild to collate all records of both
presence and absence from across Australia. In conjunction with this,
encourage further field surveys to fill in the gaps in sampling coverage.

Other recommendations stemming from the mapping exercise include:

3. Support taxonomic studies to confirm the identification of species
where there is potential for confusion and uncertainty (e.g., hybrid
crosses, oriental weatherloach, cichlids) and more particularly, ensure
that there are good keys available to all field biologists to aid in the
identification of all ornamental fish species in the wild.

4. Confirm the presence in the wild for the three species reported to be
present, but for which no geographic data could be obtained (i.e. blue
tilapia, redhead cichlid, Sumatra barb).

5. Confirm the limited presence of breeding populations for species
currently known from just 1 or 2 locations and assess their risk of
spread along with the feasibility of containment and/or eradication.

6. Investigate the causes of ‘hot spots’ for species incursions in northern
Queensland and develop targeted public relations campaigns to
counter the release of ornamental fish species in these places, as well as
in Queensland and nationwide.

Reviews of impact assessments

The review of impact assessment methodologies (Chapter 3) revealed that a wide
range of approaches and methods are used, extending from quick (and therefore
relatively inexpensive) desk-top risk assessments to a multi-year, triple-bottom-line
impact assessments incorporating hypothesis-based field studies of both the nature and
mechanism of impact across a range of both ecosystems and geographic regions,
together with economic and social analyses of the costs of these impacts. In practice,
most assessments are carried out with limited funds and time and are therefore of
limited extent and predictive value. The ecological impact assessments carried out for
ornamental fish species in Australia to date are limited to few species and are limited
in scope, probably because of funding and time constraints. The huge gap between the
information actually required for good decision-making and the information available

does not reflect a lack of good scientific methodology. Rather, it reflects the fact that
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resource managers and hence researchers rarely have the time and resources for full

impact evaluation.

Where limited resources and cost/benefit considerations occur, a judgement needs to
be made as to the level of impact that is acceptable given the type of assessment that is
affordable. In the case of ornamental fish species, where such ‘proof of impact’ may
trigger management actions and costs, this would be best achieved by prior agreement
among stakeholders and biologists as to what is an acceptable level of proof (i.e.
establishing the ‘burden of proof’). This is a social approach to this issue, not a
scientific one and it increases the risk of ‘Type 1 and II errors’. In particular, accepting
that there is no significant impact from an alien species and being wrong can result in
an expensive problem for society that may be irreversible and everlasting. Conversely,
accepting that there is an impact and being wrong, may involve a high initial
economic cost, but this would not be ongoing, so will be cheaper in the long term.

Such temporal economic considerations support a precautionary approach.

The literature search and review of impacts for the 23 aquarium species now in the
wild in Australia indicated how little is known of the ecology of these species in their
natural range, let alone in Australia (Chapter 4). This lack of information severely
limits the quality and predictive power of the assessments and indicates that there is an

urgent need to fill the main information gaps.

This aside, it is apparent that a number of the species have the potential to become
widespread pests. In particular, species that are relatively large and carnivorous and
which are capable of direct impacts on a wide range of native fish through predation
are a major concern. These include the oscar, three spot cichlid, Jack Dempsey, red
devil tilapia and Midas cichlid. These species can all be expected to inhabit still or
slow-flowing, fresh-water habitats in the warmer northern regions of Australia. Of
these five species, the oscar and Jack Dempsey can tolerate low oxygen levels and so
can inhabit degraded waters. At present, the oscar is only reported from two locations
in Australia which means that any future ecological impact assessment would be
limited in scope. However, the red devil is reported from three locations, two of which
are enclosed, still-water environments and these may therefore present a better

opportunity for an ecological impact assessment of this species than the others.

The smaller carnivorous fish that can also prey on smaller native fish are also a
concern, especially if they are also aggressive towards other fish species. Such species
include the convict cichlid, blue acara and the green swordtail. These three species all
tolerate higher water velocities than the species listed above so can be expected to
occur in rivers and streams as well as in standing waters. The convict cichlid occurs
over a wider temperature range than the other species but the green swordtail, while
likely to be confined to warmer waters can also tolerate saline waters and low oxygen
habitats. These two species therefore have a greater invasive potential than the blue
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acara. Of these species, the green swordtail currently has the widest distribution in
Australia with populations in the Northern Territory, Queensland, New South Wales
and Western Australia. In addition it is a livebearer so can rapidly establish large
populations from relatively few individuals. It should be a major priority for

investigations focused on impacts.

Some of the species that are not predators of other fish also need to be considered as
threats. Although impacts on other fish are indirect, they can nevertheless displace
native fish species from key habitats through aggression, competition for food,
disruption of reproduction and habitat modification. The black mangrove cichlid,
redbelly tilapia and Mozambique tilapia fall into this category. They are all relatively
large fish (up to 40 cm long), and although they are primarily herbivorous as adults,
they may have the potential to displace native fish through aggressive behaviour
during the spawning season. Similar behavioural traits have been attributed to the
jewel cichlid. Although it is a much smaller fish, such traits can also be expected to
result in negative interactions with small native fish. Both the redbelly tilapia and
Mozambique tilapia have also been reported to be aggressive to other fish and are
substrate diggers. They have a wider temperature range than the black mangrove
cichlid, can tolerate brackish water conditions and are more likely to be spread
because of their aquaculture and sport fish values. The Mozambique tilapia also
tolerates low oxygen levels. Given its slightly greater invasive potential and the
greater number of wild populations in Australia it is clearly a priority species for

research to determine the nature and scope of such indirect impacts on other fish.

The platy, sailfin molly, guppy and caudo are all livebearers which can establish from
relatively few individuals and are closely related to gambusia which is a known pest
fish. However, the caudo has been reported to displace gambusia and so may present
an even greater threat. It tolerates brackish waters and has been used for mosquito
control so may well spread more readily. It is now present in three locations in
Australia (two in New South Wales, one in Perth) and is also a priority for impact
assessment in both states, as environmental conditions and native fish populations

differ between them and may influence the scope for impacts.

The remaining five species (oriental weatherloach, goldfish, rosy barb, sumatra barb
and white cloud mountain minnow) all occur naturally in colder waters than the other
species and thus have a greater potential distribution within the southern regions of
Australia than most other ornamental fish reviewed. Although there is little known
about the oriental weatherloach it has been associated with the decline of small
galaxiid fishes in Australia so is also a high priority for research into impacts.

Of the remaining species, the rosy barb and white cloud mountain minnow occur in
streams as well as in still water environments. The former species is reported to be an

egg cater whereas the latter can be aggressive to other species and is a carnivore.
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These two species also need urgent investigation to determine whether they pose a

threat in Australian waters.

Overall, the review of impacts has revealed significant cause for concern over some,
but not all, ornamental fish species in Australia. However, there is very little hard
evidence to support such concern and virtually no definitive knowledge of
mechanisms. This situation needs to be addressed urgently so that management of
priority species is underpinned by good science. This situation led to our seventh

recommendation:

7. More comprehensive impact measurement is urgently required for
species identified as high priorities based on the type of impact
expected, their invasive potential and existing reports of potential
effects on other fish. These include the Mozambique tilapia, oscar,
three spot cichlid, Jack Dempsy, red devil, Midas cichlid, convict
cichlid, blue acara, green swordtail, oriental weatherloach and rosy
barb and white cloud mountain minnow.

The assessment of the fish health risks associated with the spread of wild populations
of ornamental fish (Chapter 5) underlined the importance of this often neglected issue.
The presence of wild populations increases the risk that some pathogens and parasites
associated with ornamental fish will find their way into native fish populations but, at
present, this has been little investigated. There is also a lack of information on the
pathogens and parasites associated with ornamental fish. An even greater gap
concerned the parasites and pathogens of native fish. Ornamental species identified as
posing a high risk in terms of the spread of diseases included the goldfish, three spot
gourami, and all of the poeciliid species. However, the Mozambique tilapia, oriental
weatherloach and rosy barb are also of concern and are rated as medium risk species.
Several practical ways of filling the knowledge gaps are recommended. They are:

8. Increased surveillance of the parasites and disease agents of
ornamental fish traded internationally.

9. Increased surveillance and taxonomic study of the parasites and
disease agents of Australian native fishes in the wild.

10. Increased surveillance, taxonomic and epidemiological study of the
parasites and disease agents of introduced fishes.

Practical ways of mitigating disease threats posed by the establishment of ornamental
fish species include:

11. Increased public education to reduce the incidence of escapes of
ornamental fish in ponds into the wild and of hobbyists releasing
aquarium fish into the wild.

12. Providing Biosecurity Australia with relevant new scientific
information to support a review of current quarantine risk
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management measures when this information demonstrates that
current risk management measures are not effective.

The genetic threats of hybridisation, introgression and breakdown of species
boundaries associated with the spread of ornamental fish in the wild in Australia are
viewed as negligible (Chapter 6). This is because the Australian freshwater fish fauna
is highly endemic and it does not include the main fish families represented by the
alien ornamental fish species now in the wild. However, a future risk may be posed
by hybridisation among the alien species now in the wild with the resultant production
of genetically different morphs with increased adaptability to the Australian
environment. To minimise this risk, attention should be focused on locations in
Australia where two or more closely related alien species co-occur to determine
whether hybridisation occurs and whether any resultant hybrids pose a risk. Artificial
mating of such species could be trialled under laboratory conditions to test the

viability of hybrids. The recommendation to deal with this issue is:

13. Monitor sites where two or more closely related ornamental fish
species now co-exist to determine whether hybrids develop. Test for
hybridisation potential by cross-breeding these species under
laboratory conditions.

11.3 Socio-economic values of ornamental fish in Australia

The economic analysis of the ornamental fish industry (Chapter 7) revealed a number
of significant statistics that collectively describe the industry (Table 11.1). Because of
the lack of information on the environmental impacts of wild populations of
ornamental fish species in Australia, no meaningful economic or social analysis of the
costs of these could be made. However, a comprehensive review of methods variously
used to determine the socio-economic costs of environmental impacts resulted in the
recommendation of an innovative population dynamic-based methodology. This could
be readily adapted to determine the environmental costs of ornamental fish on native
fish species. However, the use of such models depends on having adequate ‘input’
data and this will be lacking until there is a much better quantification of the actual
impacts that ornamental fish are, or may be, having on other fish.

It was not possible to compare the socio-economic value or ecological impact of
ornamental fish with other stressors of the native fauna, including other alien fish
species, altered flow regimes, water quality decline, degradation of habitats or barriers
to fish movements (Chapter 8). Comparisons have been made between a number of
feral animals (e.g., fox, cat, mouse, rabbit, cane toad) and common carp (Chapter 7),
but too little is known about the impacts of ornamental fish to permit even a subjective
assessment. The estimated cost of the effect of common carp in Australia was
approximately $16 million. This is for just one species of fish and if only a quarter of
the ornamental fish species now present in the wild in Australia proved to be pests and

involved a similar order of costs, then the total figure could be as high as $120 million.
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Table 11.1: Statistics describing the ornamental fish industry in Australia.
Variables describing the industry Value (A$) or number
Value of ornamental fish trade in Australia $350 million/annum
Number of pet shops and aquarium shops 1025
Staff employed 6150
Annual turnover $970 million/annum
Consumer expenditure on aquarium fish $75-90 million/annum
Value of aquarium fish exported $1.4 million/annum
Value of aquarium fish imported $4.2 million/annum
Number (and % of total) of aquarium fish kept in New South Wales $4.2 million (34%)
Number (and % of total) of aquarium fish kept in Victoria $3.0 million (35%)
Number (and % of total) of aquarium fish kept in Queensland $2.2 million (18%)
Number (and % of total) of aquarium fish kept in Western Australia $1.2 million (10%)
Number (and % of total) of aquarium fish kept in South Australia $1.0 million (8%)

114 Management of ornamental fish

The Natural Resource Management Ministerial Council (NRMMC) has produced a
strategic approach to the management of ornamental fish in Australia (NRMMC 2006)
and this makes a number of recommendations concerning national coordination of the
regulatory framework related to ornamental fish. It proposes a noxious species list and
a grey list of species and the information in our review provides information relevant
to the status of species on these lists and the potential addition of other species to
them.

The review of methods for the eradication and control of pest fish species (Chapter 9)
revealed that a wide range of methods and combinations of methods are used to reduce
populations of pest fish and that there is ongoing research to develop new methods.
This review was limited to control and eradication methods and thus did not deal with
the issue of containment. For many species with a limited geographical distribution,
eradication may not be feasible and containment and minimisation of the risk of
spread may be the most viable option. This is likely to be especially important for
populations located in the higher altitude regions of catchments because flooding and
subsequent downstream movement of larvae and juveniles can be expected to spread
such populations downstream. One strategy for containment may be an on-going
reduction in abundance to reduce the number of individuals (i.e. the potential
propagules available for spread). Today containment may involve some fish control,
but is based mainly on public education and monitoring of nearby waters to detect new

incursions.

Only some of the control and eradication methods reviewed in Chapter 9 are
applicable to ornamental fish. In particular water removal by pumping, and chemical
treatment using rotenone or lime, have been used to successfully eradicate small

populations of some ornamental fish species in Australia. Electric fishing is also used
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to reduce fish numbers and hence provided a degree of control. The review indicated
that there is no standard treatment and that the best options need to be determined for
each pest fish population within each ecosystem. The review also indicated that
control or eradication cannot be carried out in isolation and that some methods will
remove native species along with the pest fish. Consequently management of wild
populations of ornamental fish species may in some circumstances require public
consultation and the preparation of plans that place control within a wider socio-
economic framework. In some cases there may be need to carry out cost/benefit
studies for the control method and this will generally require monitoring to determine
the effectiveness of control as well as its cost. Public education programmes are also
necessary to prevent re-introduction. The report on a strategic approach to the
management of ornamental fish in Australia (NRMMC 2006) recommended that
stakeholders agree on control mechanisms to be used for noxious fish. This will be
required to resolve issues concerning the safe use of piscicides and potential damage

to native species.

The review of the importation status of the ten species currently on the Part 1 list of
the live import list (i.e. require no permit to import) recommended the transfer of three
species to the Part 2 list (i.e. require an import permit) on the basis of their overall
potential cost/benefit (Chapter 10). These species are the oscar, blue acara and green
swordtail. There are other species where there is concern over impact but too little is
known of the ecological impact to recommend transfer from the Part 1 to Part 2 list.
Several species that are already widespread in Queensland may have an impact and if
proof of this is obtained then removal from the Part 1 list may help restrict their future
spread to other States. Conversely, the absence of significant impact would cement
their place on the Part 1 list.

Transfer of species from Part 1 to Part 2 of the DEWHA live import list may prevent
introductions from overseas to states or territories where there are currently no feral
populations. However, this would not affect interstate transfers. Because of this,
transfer of these species to the Part 2 list would be opposed by the industry because it
would be impractical and not serve the intended purpose of restricting spread within
Australia. Self-regulation by the industry coupled with public education at the point-
of-sale to the public may prove a more practical and effective way of restricting spread
into the wild. Other forms of self-regulation by the industry may prove equally viable.
Consequently, means of restricting species spread within Australia through industry

self-regulation need to be explored and developed.

An analysis of the pathogenic risk posed by all 23 species recommended that the
goldfish, three spot gourami and all poeciliid species be removed from the live import

list and that these species be propagated by breeding in Australia.

14. On the basis of their environmental cost/benefit, the future spread of
oscar, blue acara and green swordtail within Australia needs to be
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restricted. The options for accomplishing this need to be identified and
evaluated in consultation with the aquarium industry.

15. In order to minimise the risk of importing and spreading new fish
diseases into Australia via the importation of goldfish, three spot
gourami or poeciliid fish, especially the guppy, the Commonwealth
consider further scientific advice from independent experts to
determine whether the current quarantine measures are stringent
enough to avert this risk.

11.5 Overview

This report has mapped the current known distribution of 27 species of ornamental
fish that have established wild populations in Australia, and it has reviewed
information on the environmental impacts of 23 species. In addition to environmental
impact assessments, the risks posed by the spread of parasites and pathogens and by
the introduction of alien genomes are reviewed and discussed. The report also presents
an economic evaluation of the ornamental fish industry in Australia and an appraisal
of the overall impact of ornamental fish in Australian waters within the context of
other stressors of freshwater ecosystems. Although the evidence for negative
environmental impacts is currently very limited, it is nevertheless clear that there are
major causes for concern with some species, and that there is scope for a
precautionary approach to their management. These concerns indicate an urgent need
to obtain more information on the type and scope of impacts posed by the certain
species together with the potential socio-economic costs of these impacts so that
management frameworks to address the need for education and control can be
developed.

In retrospect, it is perhaps fortunate that so few of the potential hundreds of
ornamental fish species that could have been released into the wild in Australia have
become established. However, it is also apparent that more releases will continue in
the future unless action is taken to reduce the main vectors for spread. This prospect
needs urgent attention because the potential environmental problems posed by even a
few of the 27 species currently known to be established, let alone additional species,
could be hugely significant and much greater than for other pets such as dogs, cats and
birds. Experience has already shown that some native fish species inhabiting the
cooler regions of Australia have been negatively affected by the introduction of sport
fish such as trout and perch and by gambusia (mosquitofish). Now, ornamental fish
collectively pose a similar if not greater threat to the native fauna in the warmer,
northern and inland regions of Australia. Because of the greater number of species
now present, the chances of at least some of these having a negative effect on the
native Australian fauna is high and this risk can only increase as the number of
introductions to new locations increases.
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This potential problem requires the cooperation of the DEWHA and the ornamental
and pet fish industry in agreeing on an acceptable way of dealing with the issues. This
report makes a number of recommendations that address the main management issues
and it is hoped that these will collectively form a platform from which progress can be
made firstly to resolve the problem of on-going releases and secondly, to better
identify the impact that existing wild populations may be having. Although progress
will clearly involve a widespread and significant change in public attitude to the
danger of alien fish establishing in the wild, it will also involve the formation of a
sophisticated and nationally coordinated strategy to evaluate the various risks and to
deal with issues at both a federal, state, territorial and local level. In this respect it is
hoped that both the DEWHA and the ornamental fish industry play a leading role in
developing the required initiatives.

Acknowledgements

We thank the many people who have provided information on ornamental fish in
Australia and who have freely contributed their data on fish distributions and alerted
us to relevant reports and publications not in the scientific literature. In particular we
acknowledge the contributions made by: Joke Baars, Alan Webb, Michael Holloway,
Chris Wisniewski, Helen Cribb, Dave Wilson and Sharelle Hart. Most of the
photographs of fish were provided by BayFish Wholesale Aquarium Fish Supplies
courtesy of Jared Patrick. In particular, we thank the reviewers; Professors A.
Arthington and B. Lester, Mr Andreas Glanznig and Jared Patrick, who have all
contributed substantially to the report.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 230



—NIWA_—

Australia

13. References

ABS (2002). Australian Bureau of Statistics International trade electronic data service,
Cat. No. 5460. Canberra.

Adair, B.M.; Ferguson, H.W. (1981). Isolation of infectious pancreatic necrosis (IPN)
virus from non-salmonid fish. Journal of Fish Diseases 4: 69-76.

Agtrans Research (2005). Review of progress on invasive species, final report to
Department of Environment and Heritage, Canberra ACT.

Alderman, D.J. (1982). Fungal diseases in aquatic animals. In: Microbial diseases of
fish. (Roberts, R.J., ed.). Special Publications of the Society for General
Microbiology 9: 189-242.

Alemadi, S.D.; Wisenden, B.D. (2002). Antipredator response to injury-released
chemical alarm cues by convict cichlid young before and after independence from
parental protection. Behaviour 139(5): 603-611.

Allen, G.; Midgley, S; Allen, M. (2002). Field guide to the freshwater fishes of
Australia. Perth, Western Australian Museum.

Allen, G.R. (1989). Freshwater fishes of Australia. TFH Publications, Neptune City,
240 p.

Almeyda-Artigas, R.J. (1991). Hallazgo de Gnathostoma binucleatum n. sp.
(Nematoda: Spirurida) en felinos silvestres y el papel de los peces dulceacuicolas y
oligohalinos como vectores de la gnatostomiasis humana en la cuenca baja del rio
Papaloapan, Oaxaca-Veracruz, México. Anales Instituto Ciencias Mar y
Limnologia Universidad Nacional Auténomia de México 18: 137-155.

Aloo, P.A. (2002). A comparative study of helminth parasites from the fish Tilapia
zillii and Oreochromis leucostictus in Lake Naivasha and Oloidien Bay, Kenya.
Journal of Helminthology 76: 95-104.

Ando, K.; Tanaka, H.; Taniguchi, Y.; Shimizu, M.; Kondo, K. (1988). Two human
cases of gnathostomiasis and discovery of a second intermediate host of
Gnathostoma nipponicum in Japan. Journal of Parasitology 74: 623-627.

Anon (2002). State of the Fisheries Report 2001/2002, Perth, 186 p.

ANZECC/ARMCANZ (2000). Australian and New Zealand guidelines for fresh and
marine water quality. National Water Quality Management Strategy Paper,

Canberra.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 231



—NIWA_—

Australia

AQIS (1999). Import risk analysis on live ornamental finfish. AQIS, Canberra, ACT,
Australia, 172 p.

Aquaculture Association of Queensland (AAQ) (1999). Aquarium Fish, Brisbane

(www.aaq.com.au).

Aquatech (1996). Economic assessment of environmental impacts. Annexure to New
South Wales Government guidelines for economic appraisal.

Archibald, C.P. (1975). Experimental observations on the effects of predation by
goldfish (Carassius auratus) on the zooplankton of a small saline lake. Journal of
the Fisheries Research Board of Canada 32(9): 1589-1594.

Arendt, J.D.; Reznick, D.N. (2005). Evolution of juvenile growth rates in female
guppies (Poecilia reticulata): predator regime or resource level? Proceedings of the
Royal Society B -Biological Sciences 272: 333-337.

Ariel, E.; Owens, L. (1997). Epizootic mortalities in Oreochromis mossambicus.
Diseases of Aquatic Organisms 29: 1-6.

Arnold, M.L. (1997). Natural hybridisation and evolution. Oxford University Press,
New York.

Arthington, A.H. (1986). Introduced cichlid fish in Australian waters. In: Limnology
in Australia. Eds: Dekker, P.D.; Williams, W.D. Junk, Dordrecht, pp. 239-248.

Arthington, A.H. (1989). Diet of Gambusia affinis holbrooki, Xiphophorus hellerii, X.
maculatus and Poecilia reticulata (Pisces: Poeciliidae) in streams of Southeastern
Queensland, Australia. Asian Fisheries Science 2(2): 193-212.

Arthington, A.H. (1991). Ecological and genetic impacts of introduced and
translocated freshwater fishes in Australia. Canadian Journal of Fisheries and
Aquatic Sciences 48(Suppl.1): 33-43.

Arthington, A.H.; Milton, D.A.; McKay, R.J. (1983). Effects of urban development
and habitat alterations on the distribution and abundance of indigenous and exotic
freshwater fish in the Brisbane region. Australian Journal of Ecology 8: 87-101.

Arthington, A.H.; McKay, R.J.; Russell, D.J.; Milton, D.A. (1984). Occurrence of the
introduced cichlid Oreochromis mossambicus (Peters) in Queensland. Australian
Journal of Marine and Freshwater Research 35(2): 267-272.

Arthington, A.H.; Milton, D.A. (1986). Reproductive biology, growth and age
composition of the introduced Oreochromis mossambicus (Cichlidae) in two
reservoirs, Brisbane, Australia. Environmental Biology of Fishes 16(4): 257-266.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 232



—NIWA_—

Australia

Arthington, A.H.; Mitchell, D.S. (1986). Aquatic invading species. In: Ecology of
biological invasions. (Grooves, J.J. ed.) Australian Academy of Science, Canberra,
pp- 34-53.

Arthington, A.H.; McKay, R.J.; Milton, D.A. (1986). The ecology and management of
exotic and endemic freshwater fishes in Queensland. In: Fisheries management:
theory and practice in Queensland. (Hundloe, T.J.A., ed.). Griffiths, University
Press, Brisbane, pp. 224-245.

Arthington, A.H.; Lloyd, L. (1989). Introduced poeciliids in Australia and New
Zealand In: Ecology and Evolution of Livebearing Fishes (Poeciliidae). Eds:
Meftfe, G.K.; Snelson, F.F. Prentice Hall, New Jersey, USA. Pp 333-348.

Arthington, A.H.; Hamlet, S.; Bliidhorn, D.R. (1990). The role of habitat disturbance
in the establishment of introduced warm-water fishes in Australia. Introduced and
translocated fishes and their ecological effects. Bureau of Rural Resources
Proceedings 8: 61-66.

Arthington, A.H.; Blithdorn, D.R. (1994). Distribution, genetics, ecology and status of
the introduced cichlid, Oreochromis mossambicus in Australia. In Inland Waters of
Tropical Asia and Australia: Conservation and Management, Dudgeon, D.; Lam,
P. (eds.). Mitteilungen Internationale Vereinigung fir Theoretische und
Angewandte Limnologie 24: 53-62.

Arthington, A.H.; Bliihdorn, D.R.; Kennard, M. (1994). Food resource partitioning by
Oreochromis mossambicus, Tanadanus tandanus and Leiopotherapon unicolor in
an Australian sub-tropical impoundment. In Proceedings of the Third Asian
Fisheries Forum. Chou, L.M.; Munro, A.D.; Lam, T.J.; Chen, T.W.; Cheong,
L.K.K.; Ding, J.K.; Hooi, K.K.; Khoo, H.W.; Phang, V.P.R.; Shim, K.F.; Tan, C.H.
(eds.). Asian Fisheries Society, Manila, Philippines: 425-428.

Arthington, A.H.; Blithdorn, D.R. (1995). Improved management of exotic aquatic
fauna: R&D for Australian rivers. Occasional Paper 04/95, Land and Water

Resources Research and Development Corporation, 33 p.

Arthington, A.H.; Blithdorn, D.R. (1996). The effects of species interactions resulting
from aquaculture operations. In Aquaculture and Water Resource Management.
Baird, D.J.; Beveridge, M.C.M.; Kelly, L.A.; Muir, J.F. (eds.). Blackwell Science,
Oxford.

Arthington, A.H.; Cadwallader, P.L. (1996). Family Cichlidae - cichlids. In:
Freshwater fishes of southeastern Australia (McDowall, R.M., ed.). Reed, Sydney,
pp. 176-180.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 233



—NIWA_—

Australia

Arthington, A.H.; Mackenzie. F. (1997). Review of impacts of displaced/introduced
fauna associated with inland waters. Australia: State of the Environment Technical
Paper Series (Inland Waters). Department of the Environment, Environment
Australia, Canberra, 65 p.

Arthington, A.H.; Marshall, C.J. (1999). Diet of the exotic mosquitofish, Gambusia
holbrooki, in an Australian lake and potential for competition with indigenous fish
species. Asian Fisheries Science 12(1): 1-8.

Arthington, A.H.; Kailola, P.J.; Woodland, D.J.; Zalucki, J.M. (1999). Baseline
environmental data relevant to an evaluation of quarantine risk potentially
associated with the importation to Australia of ornamental finfish. Australian
Quarantine and Inspection Service, Department of Agriculture, Fisheries and
Forestry, Canberra, ACT, 451 p.

Arthur, J.R.; Ahmed, A.T.A. (2002). Checklist of the parasites of fishes from
Bangladesh. FAO 369/1, Rome.

Ashburner, L.D. (1976). Australian fish face threat from foreign diseases. Australian
Fisheries 36: 18-21.

Australian Broadcasting Corporation (2001). NT Country Hour - 18/06/01: Gambusia
eradication success, available at http:

//www.abc.net.au/rural/nt/stories/s314431.htm.

Australian Bureau of Statistics (2005). Exports of selected commodities (3011020,
3011059, 3011090) by all countries of destination by quantity and value (FOB).

ASFB — see Australian Society for Fish Biology.

Australian Society for Fish Biology (2001). Newsletter 30(2), December 2001.
Australian Society for Fish Biology (2003a). Newsletter 32(2), January 2003.
Australian Society for Fish Biology (2003b). Newsletter 33(1), July 2003.
Australian Society for Fish Biology (2003c¢). Newsletter 33(2), December 2003.
Australian Society for Fish Biology (2004a). Newsletter 34(1), June 2004.
Australian Society for Fish Biology (2004b). Newsletter 34(2), December 2004.
Australian Society for Fish Biology (2005). Newsletter 35(1), June 2005.

Australian Society for Fish Biology (2006). Newsletter 36(1), June 2006.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 234



—NIWA_—

Australia

Avise, J.C.; Saunders, N.A. (1984). Hybridization and introgression among species of
sunfish (Lepomis): analysis by mitochondrial DNA and allozyme markers.
Genetics 108: 237-255.

Axelrod, A.H.; Wischnath, L. (1991). Swordtails and platies. T.H.F. Publications Inc.,
New Jersey, USA.

Baensch, H.A.; Riehl, R. (1993). Aquarium atlas. Vol. 2. Rare fishes and plants.
Baensch, Melle, 1212 p.

Baer, J.G. (1937). Un genre nuoveau de cestodes d’un poissons d’ornamerit. Bulletin
de la Societé National d’Acclimatization, Francaise 84: 168-173.

Baker, J.; Bentzen, P.; Moran, P. (2002). Molecular markers distinguish coastal
cutthroat trout from coastal rainbow trout/steelhead and their hybrids. Transactions
of the American Fisheries Society 131: 404-417.

Barnham, Charles (ed.) (1998). Carp in Victoria Fisheries Notes February 1998
available at http:
/Iwww.dpi.vic.gov.au/dpi/nreninf.nsf/93a98744f6ec41bd4a256c8e00013aa9/cbeOb
1668¢75391¢cca256e7200220726/$FILE/FN0014.pdf

Bartley, D.M.; Subasinghe, R.P.; Coates, D. (1997). Framework for the responsible
use of introduced species EIFAC/XIX/96/inf.8. Report of the 19™ session of the

European Inland Fisheries Advisory Commission, Dublin, Ireland.

Basson, L.; Van As, J.G. (1994). Trichodinid ectoparasites (Ciliophora: Peritrichida)
of wild and cultured fishes in Taiwan, with notes on their origin. Systematic
Parasitology 28: 197-222.

Bauer, O.N. (1991). Spread of parasites and diseases of aquatic organisms by
acclimatization: a short review. Journal of Fish Biology 39: 679-686.

Beeching, S.C. (1992). Visual assessment of relative body size in a cichlid fish, the
oscar, Astronotus ocellatus. Ethology 90(3): 177-186.

Beeching, S.C. (1997). Functional groups in the social behaviour of a cichlid fish, the
oscar, Astronotus ocellatus. Behavioural Processes 39(1): 85-93.

Bell, K. (2003). A review of the commercial use of carp. In: Proceedings of the
National Carp Control Workshop, March 2003, (Lapidge, K. ed.). Cooperative
Research Centre for Pest Animal Control, Canberra, pp. 15-18.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 235



—NIWA_—

Australia

Bennett, J. (2005). Choice modelling: A step by step guide. Economics Techniques
Series: Fact Sheet No.1. Queensland Government Environment Protection Agency,
Brisbane.

Biosecurity Australia (2005). Policy review on the importation of freshwater
ornamental finfish: risks associated with iridoviruses. Animal Biosecurity Policy
Memorandum 2005/01, 11 March 2005. http:
/Iwww.affa.gov.au/content/output.cfm?ObjectID=E44E7DB4-6CFF-4868-
ATBE9EEC637D2786

Blazer, V.S.; Gratzek, J.B. (1985). Cartilage proliferation in response to metacercarial
infections of fish gills. Journal of Comparative Pathology 95: 273-280.

Blithdorn, D.R.; Arthington, A.H. (1990a). Somatic characteristics of an Australian
population of Oreochromis mossambicus (Pisces: Cichlidae). Environmental
Biology of Fishes 29(4): 277-291.

Blithdorn, D.R.; Arthington, A.H. (1990b). The incidence of stunting in Australian
populations of the introduced cichlid Oreochromis mossmbicus (Peters). The
Second Asian Fisheries Forum 2: 41-44.

Bomford, M.; Glover, J. (2004). Risk assessment model for the import and keeping of
exotic freshwater and estuarine finfish. Bureau of Rural Sciences, Canberra, ACT,
125 p.

Bomford, M.; Hart, Q. (2002). Non-indigenous vertebrates in Australia. In: Biological
invasions: economic and environmental cost of alien plant, animal and microbe
species (Pimental, D. ed.). CRC Press, London.

Bomford, M.; Tilzey, R. (1996). Pest management principles for European carp. In:
Controlling carp: exploring the options for Australia. Proceedings of a workshop
22-24 October 1996. (Roberts, J.; Tilzey, R. eds). CSIRO and the Murray Darling
Basin Commission, Canberra, pp. 9-20.

Born, W.; Rauschmayer, F.; Briuer, I. (2004). Economic evaluation of biological
invasions — a survey. Working Paper 7/2004, Department of Economics, Sociology

and Law, UFZ — Centre for Environmental Research, Leipzig-Halle, Germany.

Botkin, D.B.V. (2001). The naturalness of biological invasion. Western North
American Naturalist 110(7): 261-266.

Breder, C.M.; Rosen, D.E. (1966). Modes of reproduction of fishes. American
Museum of Natural History Press, New York, USA.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 236



—NIWA_—

Australia

Brown, G.E.; Godin, J.J. (1999). Who dares, learns: chemical inspection behaviour
and acquired predator recognition in a characin fish. Animal Behaviour 57(2): 475-
481.

Bruton, M.N.; Boltt, R.E. (1975). Aspects of the biology of Tilapia moassambica
Peters (Pisces: Cichlidae) in a natural freshwater lake (Lake Sibaya, South Africa).
Journal of Fish Biology 7: 423-445.

Bunn, S.E.; Arthington, A.H. (2002). Basic principles and ecological consequences of
altered flow regimes for aquatic biodiversity. Environmental Management 30: 492-
507.

Bunkley-Williams, L.; Williams, E.H. (1994). Parasites of Puerto Rican freshwater
sport fishes. Puerto Rico Department of Natural and Environmental Resources, San
Juan, PR, and Department of Marine Sciences, University of Puerto Rico,
Mayageuz, PR, 168 p.

Burchmore, J.; Faragher, R.; Thorncroft, G. (1990). Occurrence of the introduced
oriental weatherloach (Misgurnus anguillicaudatus) in the Wingecarribee River,
New South Wales. Bureau of Rural Resources Proceedings 8: 38-46.

Bureau of Transport Economics (2000). Regional Impact of Ports Report 101.

Commonwealth of Australia, Canberra.

Burton, P.R. (1956). Morphology of Ascocotyle leighi, n.sp. (Heterophyidae), an avian
trematode with metacercaria restricted to the conus arteriosus of the fish,
Mollienesia latipinna Le Sueur. Journal of Parasitology 42: 540-543.

Cadwallader, P.L.; Backhouse, G.N.; Fallu, R. (1980). Occurrence of exotic tropical
fish in the cooling pondage of a power station in temperate south eastern Australia.
Australian Journal of Marine and Freshwater Research 31: 541-546.

Cadwallader, P.L.; Backhouse, G.N. (1983). A guide to the freshwater fish of
Victoria. Australian Fisheries 51(3): 26-29.

Cadwallader, P.L. & Lawrence, B. (1990). Fish. In: The Murray. (MacKay, N. and
Eastburn, D. eds). Murray-Darling Basin Commission, Canberra, pp. 317-335.

Campbell, H.; Brown, R. (2003). Benefit-cost analysis: financial and economic
appraisal using spreadsheets. Cambridge University Press, Port Melbourne.

Campton, D.E. (1987). Natural hybridisation and introgression in fishes: methods for
detection and genetic interpretations. In: Population genetics and fisheries
management. (Ryman, N.; Utter, F. eds.) University of Washington Press, Seattle,
pp. 161-192.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 237



—NIWA_—

Australia

Canonico, G.C.; Arthington, A.; McCray, J.K.; Thieme, M.L. (2005). The effects of
introduced tilapias on native biodiversity. Aquatic Conservation: Marine and
Freshwater Ecosystems 15: 463-483.

Casal, C.M.V_; Bartley, D.; Froese, P. Sa-A.; Palomares, M.L.D. (1999). Documenting
the status of freshwater fish introductions in Oceania. In: Proceedings of the 5"
Indo-Pacific Fish Conference (Noumea, 3-8 November, 1997). (Séret, B.; Sire, J-Y.
eds.), Société Francaisse d’Ichthyologie and Institut de Recherce pour le

Développement, pp. 385-392.

Catap, E.S.; Munday, B.L. (1999). Epidermal changes associated with periodic
decreases in water temperature may aid the attachment of Aphanomyces invadans
to the skin of three-spot gourami Trichogaster trichopterus. Fourth Symposium on
Diseases in Asian Aquaculture, Cebu City, Philippines, 22-26 November, book of
abstracts (unpag.).

Chai, J.; Hong, S.; Sohn, W.; Lee, S.; Seo, B. (1985). Studies on intestinal trematodes
in Korea: XVI. Infection status of loaches with the metacercariaec of Echinostoma
hortense. Kisaengchunghak Chapchi 23: 18-23.

Chinabut, S.; Roberts, R.J. (1999). Pathology and histopathology of epizootic
ulcerative syndrome (EUS). Aquatic Animal Health Research Institute, Department
of Fisheries, Bangkok, Thailand, 33 p.

Chong, R.; Whittington, R. (2005). A review of Australian Ornamental Fish Import
Risk Management for the Period 1999-2004. Report to the National Aquatic Health
Technical Working Group (NAAH-TWG).

Choquenot, D.; Nicol, S.J.; Koehn, J.D. (2004). Bioeconomic modelling in the
development of invasive fish policy. New Zealand Journal of Marine and
Freshwater Research 38: 419-428.

Chou, H.Y.; Lo, C.F.; Tung, M.C.; Wang, C.H.; Fukuda, H.; Sano, T. (1993). The
general characteristics of a birnavirus isolated from cultured loach (Misgurnus
anguillicaudatus) in Taiwan. Fish Pathology 28: 1-7.

Ciruna, K.A.; Meyerson, L.A.; Gutierrez, A. (2004). The ecological and socio-
economic impacts of invasive alien species in inland water ecosystems, Report to
the Convention on Biological Diversity on behalf of the Global Invasive Species

Programme, Washington, D.C., 34 p.

Clarke, G.M.; Grosse, S.; Mathews, M.; Catling, P.C.; Baker, B.; Hewitt, C.L.;
Crowther, D.; Sadlier, S.R. (2000). Environmental pests in Australia. Environment
Australia, Canberra, ACT, 52 p.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 238



—NIWA_—

Australia

Coates, D.; Ulaiwi, W.K. (1995). A simple model for predicting ecological impacts of
introduced aquatic organisms: a case study of common carp, Cyprinus carpio L., in
the Sepik-Ramu River basin, Papua New Guinea. Fisheries Management and
Ecology 2: 227-242.

Conrad, J.M.; Clark, C.W. (1987). Natural resource economics notes and problems.
Cambridge University Press, Cambridge.

Constable, A.J. (1999). Ecology of benthic macro-invertebrates in soft-sediment
environments: a review of progress towards quantitative models and predictions.
Australian Journal of Ecology 24: 452-476.

Costedoat, C.; Pech, N.; Salducci, M.D.; Chappaz, R.; Gilles, A. (2005). Evolution of
mosaic hybrid zone between invasive and endemic species of Cyprinidae through
space and time. Biological Journal of the Linnean Society 85: 135-155.

Courtenay, W.R. (1989). Fish conservation and the enigma of introduced species.
Bureau of Rural Resources Proceedings 8: 11-20.

Courtenay, W.R. Jr.; Deacon, J.E. (1983). Fish introductions in the American
Southwest: a case history of Rogers Spring, Nevada. Southwestern Naturalist 28:
221-224.

Courtenay, W.R.; Robins, C.R. Jr.; Bailey, R.M.; Deacon, J.E. (1988). Records of
exotic fishes from Idaho and Wyoming. Great Basin Naturalist 47: 523-526.

Courtenay, W.R.; Meffe G.K. (1989). Small fishes in strange places: a review of
introduced poeciliids. In G. K. Meffe, and F. F. Snelson, Jr., editors. Pp. 319-331
Ecology and evolution of livebearing fishes (Poeciliidae). Prentice Hall,
Englewood Cliffs, NJ.

Courtenay, W.R.; Stauffer, J.R. (1990). The introduced fish problem and the aquarium
fish industry. World Aquaculture Society Journal 21: 145-159.

Courtenay, W.R.; Moyle, P.B. (1992). Crimes against biodiversity: the lasting legacy
of fish introductions. Northern American Wildlife and Natural Resources
Conference Transactions 57: 365-382.

Courtenay, W.R.; Hensley, D. (1997). Range expansion in southern Florida of the
introduced spotted tilapia, with comments on its environmental impress.
Environmental Conservation 6: 149-151.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 239



—NIWA_—

Australia

Crane, M.S.; Eaton, B.T. (1996). Spring viraemia of carp virus (Rhabdovirus carpio):
a biological control agent? In: Controlling carp: exploring the options for Australia.
Proceedings of a workshop 22-24 October 1996. (Roberts, J.; Tilzey, R. eds.)
CSIRO and the Murray Darling Basin Commission Canberra, pp. 87-107.

Crivelli, A.J. (1995). Are introduced species the right answer to declining inland
fisheries within the Mediterranean Region? Protection of Aquatic Biodiversity 3:
266-268.

Cullen, B.; Owens, L.; Whittington, R. (1995). Experimental infection of Australian
anurans (Limnodynastes terraereginae and Litoria latopalmata) with bohle
iridovirus. Diseases of Aquatic Organisms 23: 83-92.

Daszak, P.; Berger, L.; Cunningham, A.; Hyatt, A.; Green, D.; Speare, R. (1999).
Emerging infectious diseases and amphibian population declines. Emerging
Infections Distribution 5: 735-748.

De Iongh, H.H; Van Zon, J.C.J. (1993). Assessment of impact of the introduction of
exotic fish species in Thailand. Aquaculture and Fisheries Management 24: 279-
289.

De, N.C.; Maity, R.N. (1996). Pseudocapillaria (Discocapillaria) margolisi n. subg.
n. sp. (Nematoda: Trichuroidea) from freshwater fishes of West Bengal, India.
Systematic Parasitology 34: 49-52.

Department of Fisheries for Western Australia (DFWA) (2001). State of the fisheries
Report 2000/01. Perth.

Department of Fisheries for Western Australia (DFWA)(2000). Study tour to Marine
Ornamentals ‘99’, Aquaculture Development Council Reports, Perth
(www.fish.wa.gov.au).

Department of Primary Industries Queensland (DPIQ) (1999). Finfish hatchery
production, Fishweb, Brisbane (www.dpi.qld.gov.au/fishweb).

Department of Primary Industries Queensland (DPIQ) (2000). Control of exotic pest

fishes, an operational strategy for Queensland freshwaters 2000-2005. Information
Series QI01005.

Devashish, K.; Rahaman, H.; Barman, N.N.; Kar, S.; Dey, S.C.; Ramachandra, T.V.;
Kar, D. (1999). Bacterial pathogens associated with epizootic ulcerative syndrome
in freshwater fishes of India. Environment and Ecology 17: 1025-1027.

Diamond, P.A.; Hausmann, J.A. (1994). Contingent valuation: is some number better
than no number? Journal of Economic Perspectives 8(4): 45-64.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 240



—NIWA_—

Australia

Diaz, M.T.; Gonzalez, T.G. (1990). Ciclo de vida de Saccocoelioides tarpazensis n.
sp. (Trematoda: Haploporidae). Acta Cientifica Venezolana 41: 327-336.

Diggle, J.; Day, J.; Bax, N. (2004). Eradicating European carp from Tasmania and
implications for national European carp eradication. Project No. 2000/182.

Tasmanian Inland Fisheries Service, Hobart.

Dixon, B.A.; Contreras, B. (1992). Isolation of Edwardsiella tarda (Ewing and
McWhorter) from the freshwater tropical petfish, Metynnis schreitmuelleri (Ahl)
and Trichogaster trichopteris (Pallas). Journal of Aquaculture and Aquatic Science
6: 31-32.

Donges, J. (1974). The life cycle of Euclinostomum heterostomum (Rudolphi, 1809)
(Trematoda: Clinostomatidae). International Journal of Parasitology 4: 79-90.

Donnelly, B.G. (1978). Evidence of fish survival during habitat desiccation in
Rhodesia. Journal of the Limnological Society of South Africa 4(1): 75-76.

Dove, A.D.M. (1998). A silent tragedy: parasites and exotic fishes of Australia.
Proceedings of the Royal Society Queensland 107: 109-113.

Dove, A.D.M. (2000). Richness patterns in the parasite communities of exotic
poeciliid fishes. Parasitology 120: 609-623.

Dove, A.D.M.; Cribb, T.H.; Mockler, S.P.; Lintermans. M. (1997). The Asian
tapeworm, Bothriocephalus acheilognathi, in Australian freshwater fishes. Marine
and Freshwater Research 48: 181-183.

Dove, A.D.M.; Ermnst, I. (1998). Concurrent invaders - four exotic species of
Monogenea now established on exotic freshwater fishes in Australia. International
Journal of Parasitology 28: 1755-1764.

Dove, A.D.M.; Fletcher, A.S. (2000). The distribution of the introduced tapeworm
Bothriocephalus acheilognathi in Australian freshwater fishes. Journal of
Helminthology 74: 121-127.

Dove, A.D.M.; O’Donoghue, P.J. (2005). Trichodinids (Ciliophora: Trichodinidae)
from native and exotic Australian freshwater fishes. Acta Protozoologica 44: 51-
60.

Dowling, T.E.; Childs, M.R. (1992). Impact of hybridisation on a threatened trout of
Southwestern United States. Conservation Biology 6: 355-364.

Dries, L.A. (2003). Peering through the looking glass at a sexual parasite: are Amazon
mollies red queens? Evolution 57(6): 1387-1396.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 241



—NIWA_—

Australia

Dudgeon, D.; Arhtington, A.H.; Gessner, M.O.; Kawabata, Z-1,; Knowler, D.J.;
Leveque, C.; Naiman, R.J.; Prieur-Richards, A-H.; Soto, D.; Stiassny, M.L.J.;
Sullivan, C.A.; (2006). Freshwater biodiversity: importance, threats, status and
conservation challenges. Biological Review 81: 163-182.

Duncan, B.L. (1977). Urceolariid ciliates, including three new species, from cultured
Philippine fishes. Transactions of the American Microscopical Society 96: 76-81.

Durham, P.J.K.; Anderson, C.D. (1981). Lymphocystis disease in imported tropical
fish. New Zealand Veterinary Journal 29: 88-91.

Dussault, G.V.; Kramer, D.L. (1981). Food and feeding behavior of the guppy,
Poecilia reticulata (Pisces: Poeciliidae). Canadian Journal of Zoology 59: 684-
701.

Dykova, 1.; Lom, J.; Machackova, B.; Sawyer, T.K. (1996). Amoebic infections in
goldfishes and granulomatous lesions. Folia Parasitologica 43: 81-90.

Environment Australia (AU) (2002). National ocean disposal guidelines for dredged

material. Environment Australia, Commonwealth of Australia. Canberra.

Eddyani, M.; Ofori-Adjei, D.; Teugels, G.; De Weirdt, D.; Boakye, D.; Meyers, W.M.;
Portaels, F. (2004). Potential role for fish in transmission of Mycobacterium
ulcerans disease (buruli ulcer): an environmental study. Applied Environmental
Microbiology 70: 5679-5681.

Eldredge, L.G. (1994). Perspectives on aquatic exotic species management in the
Pacific islands. Vol. 1. Introduction of commercially significant aquatic organisms

to the Pacific islands. South Pacific Commission, Noumea.

Eldredge, L.G. (2000). Non-indigenous freshwater fishes, amphibians, and crustaceans
of the Pacific and Hawaiian islands. In: Invasive species in the Pacific: A technical
review and draft regional strategy. (Sherley, G. ed.) Published by the South Pacific
Regional Environment Programme with funding assistance from the Government
of Australia, pp. 173-190.

Englund, R.A. (1999). The impacts of introduced poeciliid fish and Odonata on the
endemic Megalagrion (Odonta) damselflies of Oahu Island, Hawaii. Journal of
Insect Conservation 3: 225-243.

Englund, R.A.; Eldredge, L.G. (2001). Fishes. In: Hawaii's invasive species (Staples,
G.W.; Cowie, R.H., eds), Bishop Museum, Honolulu, pp. 32-40.

Environment ACT (2002). Fish info: introduced fish information sheet - Oriental

weatherloach. www.environment.act.gov.au

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 242



—NIWA_—

Australia

Ergens, R. (1975). Redescription of two species of the genus Gyrodactylus Nordmann,
1832 (Monogenoidea) from Misgurnus anguillicaudatus. Folia Parasitologica 22:
363-368.

Ergens, R.; Danilov, V.I. (1980). Gyrodactylus strelkovi n. sp. (Monogenea,
Gyrodactylidae) a new fish parasite from the basin of the River Amur. Folia
Parasitologica 30: 328.

Evans, B.B.; Lester, R.J.G. (2001). Parasites of ornamental fish imported into
Australia. Bulletin of the European Association of Fish Pathology 21: 51-55.

Fairweather, P.G. (1999). Determining the health of estuaries: priorities for ecological
research. Australian Journal of Ecology 24: 441-451.

Fang, H.M.; Ling, K.C.; Sin, G.Y.M. (2000). Enhancement of protective immunity in
blue gourami, Trichogaster trichopterus (Pallas), against Aeromonas hydrophila
and Vibrio anguillarum by A. hydrophila major adhesin. Journal of Fish Diseases
23: 137-145.

Ferguson, H.W.; Morales, J.A.; Ostland, V.E. (1994). Streptococcosis in aquarium
fish. Diseases of Aquatic Organisms 19: 1-6.

Ferris, S.D.; Sage, R.D.; Huang, C.M.; Nielson, J.T.; Ritte, U.; Wilson, A.C. (1983).
Flow of mitochondrial DNA across a species boundary. Proceedings of the
National Academy of Sciences USA 80: 2290-2294.

FishBase. http://www.fishbase.org/search.php

Flannery, T. (2001). The eternal frontier. Text Publishing, Melbourne.

Flannery, T.F. (1994). The future eaters: an ecological history of the Australasian
lands and people. Reed, Chatswood.

Fock, W.; Chen, C.; Lam, T.; Sin, Y. (2001). Roles of an endogenous serum lectin in
the immune protection of blue gourami, Trichogaster trichopterus (Pallus), against
Aeromonas hydrophila. Fish and Shellfish Immunology 11: 101-113.

Fomena, A.; Bouix, G. (2000). Henneguya mbakaouensis sp. nov., Myxobolus
nounensis sp. nov. and M. hydrocyni Kostoingue & Toguebaye, 1994
(Myxosporea, Myxozoa) parasites of Centropomidae, Cichlidae and Characidae
(Teleosts) of the Sanaga basin in Cameroon (Central Africa). Parasite 7: 209-14.

Font, W.F. (1998). Parasites in paradise: patterns of helminth distribution in Hawaiian
stream fishes. Journal of Helminthology 72: 307-311.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 243


http://www.fishbase/

—NIWA_—

Australia

Font, W.F.; Tate, D.C. (1994). Helminth parasites of native Hawaiian freshwater
fishes: an example of extreme ecological isolation. Journal of Parasitology 80:
682-688.

Frankel, O.H.; Soul¢, M.E. (1981). Conservation and evolution. Cambridge University
Press, Cambridge.

Fraser, W.A.; Keefe, T.J.; Bolon, B. (1993). Isolation of an iridovirus from farm-
raised gouramis (Trichogaster trichopterus) with fatal disease. Journal of
Veterinary Diagnostics and Investigation 5: 250-253.

Freyhof, J.; Korte, E. (2005). The first record of Misgurnus anguillicaudatus in
Germany. Journal of Fish Biology 66: 568-571.

Froese, R.; Pauly, D. (2006). Fishbase. World Wide Web electronic publication
(version 05/2006).

Fuller, P.L.; Nico, L.G.; Williams, J.D. (1999). Nonindigenous fishes introduced into
inland waters of the United States. American Fisheries Society Special Publication
27: 1-613.

Gascoine, D. (2000). WTO dispute settlement: lessons learned from the salmon case.
CITERS Conference on International Trade Education and Research, Managing
Globalization  for  Prosperity. = Melbourne,  26-27  October  2000.

(www.apec.org.au/docs/gascoine.pdf).

Gafny, S.; Gasith, A.; Goren, M. (1992). Effect of water level fluctuation on shore
spawning of Mirogrex terraesanctae (Steinetz) (Cyprinidae) in Lake Kinneret,
Israel. Journal of Fish Biology 41: 863-871.

Gaughan, D.J. (2002). Disease-translocation across geographic boundaries must be
recognised as a risk even in the absence of disease identification: the case with
Australian Sardinops. Reviews in Fish Biology and Fisheries 11: 113-123.

Gbankoto, A.; Pampoulie, C.; Marques, A.; Sakiti, G.N. (2001). Occurrence of
myxosporean parasites in the gills of two Tilapia species from Lake Nokoué
(Bénin, West Africa): effect of host size and sex, and seasonal patterns of infection.
Diseases of Aquatic Organisms 44: 217-222.

Gbankoto, A.; Pampoulie, C.; Marques, A.; Sakiti, G.N.; Dramane, K.L. (2003).
Infection patterns of Myxobolus heterospora in two Tilapia species (Teleostei:
Cichlidae) and its potential effects. Diseases of Aquatic Organisms 55: 125-131.

Gehrke, P.C.; Harris, J.H. (1994). The role of fish in cyanobacterial blooms in
Australia. Australian Journal of Marine and Freshwater Research 45: 905-915.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 244



—NIWA_—

Australia

Gilk, S.A.; Wang, L.A;, Hoover, C.L.; Smoker, W.W.; Taylor, S.G.; Gray, A.K.;
Gharrett, A.J. (2004). Outbreeding depression in hybrids between spatially
separated pink salmon, Oncorhynchus gorbuscha, populations: marine survival,
homing ability and variability in family size. Environmental Biology of Fishes 69:
287-297.

Gillet, G.W. (1972). The role of hybridisation in the evolution of the Hawaiian flora.
In: Taxonomy, phytogeography and evolution. (Valentine, D.H. ed.). Academic
Press, London, pp. 205-219.

Gilliam, J.F.; Fraser, D.F.; Alkins-Koo, M. (1993). Structure of a tropical stream fish
community: a role for biotic interactions. Ecology 74(6): 1856-1870.

Gilligan, D. (2005). Demonstration site — targeted carp control at a ‘hotspot’ of carp
reproduction in the Barmah-Millewa Forest. New South Wales Department of

Primary Industries. (www.dpi.nsw.gov.au)

GISP. Global Invasive Species Programme database
(www.issg.org/database/welcome/).

Go, J.; Lancaster, M.; Deece, K.; Dhungyel, O.; Whittington, R.J. (2005). Molecular
epidemiology of iridovirus infection in Murray cod and ornamental fish. Abstract,
FRDC Aquatic Animal Health Subprogram Scientific Conference Proceedings,
Cairns, 26-28 July, 2005.

Godhino, F.N.; Ferreira, M.T. (1998). The relative influences of exotic species and
environmental factors on an Iberian native fish community. Environmental Biology
of Fishes 51(1): 41-51.

Godin, J.G.; McDonough, H.E. (2003). Predator preference for brightly coloured
males in the guppy: a viability cost for a sexually selected trait. Behavioral Ecology
14(2): 194-200.

Gomez, S.E.; Ferriz, R.A. (2002). Swimming capacity in Poecilia reticulata (Pisces:
Cyprinodontiformes). Revista del Museo Argentino de Ciencias Naturales. n.s.
4(2): 181-185.

Granath, K.; Smoker, W.W.; Gharrett, A.J.; Hard, J.J. (2004). Effects on embryo
development time and survival of intercrossing three geographically separate
populations of southeast Alaska coho salmon, Oncorhynchus kisutch.
Environmental Biology of Fishes 69: 299-306.

Grankoto, A.; Pampoulie, C.; Marques, A.; Sakiti, G.N. (2001). Myxobolus
dahomeyensis infection in ovaries of Tilapia species from Benin (West Africa).
Journal of Fish Biology 58: 883-886.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 245


http://www.dpi.nsw.gov.au/
http://www.issg.org/database/welcome/

—NIWA_—

Australia

Green, J.; Corbet, S.A.; Watts, E.; Lan, O.B. (1978). Ecological studies in Indonesian
lakes: the Montne Lake of Bali. Journal of Zoology 186: 1538.

Gurevitch, J.; Padilla, D.K. (2004). Are invasive species a major cause of extinctions?
Trends in Ecology & Evolution 19(9): 470-474.

Gusev, A.V. (1955). Monogenetic trematodes of fishes of the Amur River. Trudy
Zoologickeskii Instituta, Akademiya Nauk SSSR. 19: 171-398.

Harris, J.H. (1978). Importation of living fishes into Australia. Submission to the
Austrlian Minister for Health, February 1978. Australian Freshwater Fishermen’s
Assembly.

Harris, J.H.; Rowland, S.J. (1996). Australian freshwater cods and basses. In:
Freshwater fishes of southeastern Australia. (McDowall, R.M., ed.). Reed, Sydney,
pp- 150-163.

Harris, P.D. (1986). Species of Gyrodactylus von Nordmann, 1832 (Monogenea,
Gyrodactylidae) from poeciliid fishes, with a description of G. turnbulli sp. nov.
from the guppy, Poecilia reticulata Peters. Journal of Natural History 20: 183-191.

Hausmann, J.A. (ed.) (1993). Contingent valuation: a critical assessment. North
Holland Publishing, Amsterdam.

He, J.G.; Zeng, K.; Weng, S.P.; Chan, S.M. (2002). Experimental transmission,
pathogenicity and physical-chemical properties of infectious spleen and kidney
necrosis virus (ISKNV). Aquaculture 204: 11-24.

Hedrick, R.P.; Gilad, O.; Yun, S.; Spangenberg, J.V.; Marty, G.D.; Nordhausen, R.W.;
Kebus, M.J.; Bercovier, H.; Eldar, A. (2000). A herpes virus associated with mass
mortality of juvenile and adult koi, a strain of common carp. Journal of Aquatic
Animal Health 12: 44-57.

Hedrick, R.P.; McDowall, T.S. (1995). Properties of iridoviruses from ornamental
fish. Veterinary Research 26: 423-427.

Hegde, A.; The, H.; Lam, T.; Sin, Y. (2003). Nodavirus infection in freshwater
ornamental fish, guppy, Poecilia reticulata - comparative characterization and
pathogenicity studies. Archive of Virology 148: 575-586.

Hinds, L.A.; Pech, R.P. (1996). Immuno-contraceptive control for carp. In:
Controlling carp: exploring the options for Australia. Proceedings of a workshop
22-24 October 1996. (Roberts, J.; Tilzey, R., eds) CSIRO and the Murray Darling
Basin Commission, Canberra, pp. 108-117.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 246



—NIWA_—

Australia

Hine, P.M.; Diggles, B.K. (2005). Import disease risk assessment: live ornamental
finfish into New Zealand. Risk Assessment developed for MAF Biosecurity,
Wellington, 250 p.

Hoffman, G.L. (1970). Intercontinental and transcontinental dissemination and
transfaunation of fish parasites with emphasis on whirling disease. In: A
symposium on diseases of Fish and Shellfish. American Fisheries Society Special
Publication 5: 69-81.

Holcik, J. (1980). Possible reason for the expansion of Carassius auratus Linnaeus,
1758 (Teleostei, Cyprinidae) in the Danube River basin. Internationale Revue der
gesamten Hydrobiologie, Berlin 65(5): 673-679.

Hongslo, T.; Ljungberg, O.; Wierup, M. (1987). Occurrence of pathogenic viruses and
bacteria in imported aquarium fish. Svensk Veterinartidning 39: 727-732.

Hougen, D. (1994). Cichlids of the New Worlds Part III- Cichlids of North America
(and some close relatives).
www.aquarticles.com/articles/breeeding/Hougen 3 New World.html.

http:  //'www.yellowpages.com.au/search/postSearchEntry.do;jsessionid
=27rab3ifid1 7n.yp 2001 _221247clue Type=0&clue=aquariumé&locationClue=VIC

http:
/Iwww.yellowpages.com.au/search/postSearchEntry.do?clueType=0&clue=aquariu

mé&location Clue=qld

http:
/Iwww.yellowpages.com.au/search/postSearchEntry.do?clueType=0&clue=aquariu

mé&location Clue=nsw

http:
/Iwww.yellowpages.com.au/search/postSearchEntry.do?clueType=0&clue=aquariu

mé&location Clue=sa

http:
/Iwww.yellowpages.com.au/search/postSearchEntry.do?clueType=0&clue=aquariu

m&location Clue=nt

http:
/Iwww.yellowpages.com.au/search/postSearchEntry.do?clueType=0&clue=aquariu

mé&location Clue=tas

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 247



—NIWA_—

Australia

http:
/Iwww.yellowpages.com.au/search/postSearchEntry.do?clueType=0&clue=aquariu
mé&location Clue=act

http:
/Iwww.yellowpages.com.au/search/postSearchEntry.do?clueType=0&clue=aquariu
mé&location Clue=wa

Hubbs, C.L. (1955). Hybridization between fish species in nature. Systematic Zoology
4: 1-20.

Humane Vertebrate Pest Control Working Group (2004). A national approach towards
humane vertebrate pest control. Discussion paper arising from the proceedings of
an RSPCA Australia/AWC/VPC joint workshop, August 4-5, Melbourne. RSPCA
Australia, Canberra.

Humphrey, J.D. (1995a). Australian quarantine policies and practices for aquatic
animals and their products: A review for the Scientific Working Party on Aquatic
Animal Quarantine, Part 1: Review and Annexes, Bureau of Resource Sciences,
Canberra.

Humphrey, J.D. (1995b). Australian quarantine policies and practices for aquatic
animals and their products: A review for the Scientific Working Party on Aquatic

Animal Quarantine, Part 2: Appendices. Bureau of Resource Sciences, Canberra.

Humphrey, J.D.; Ashburner, L.D. (1993). Spread of the bacterial fish pathogen
Aeromonas salmonicida after importation of infected goldfish, Carassius auratus,
into Australia. Australian Veterinary Journal 70: 453—-454.

Humphrey, J.D.; Lancaster, C.; Gudkovs, N.; McDonald, W. (1986). Exotic bacterial
pathogens Edwardsiella tarda and Edwardsiella ictaluri from imported ornamental
fish Betta splendens and Puntius conchonius, respectively: isolation and quarantine
significance. Australian Veterinary Journal 63: 369-370.

Im, K.; Shin, H. (2003). Acanthamoeba sohi, n. sp., a pathogenic Korean isolate YM-4
from a freshwater fish. Korean Journal of Parasitology 41(4): 181-188.

Ip, Y.K.; Chew, S.F.; Randall, D.J. (2004). Five tropical air-breathing fishes, six
different strategies to defend against ammonia toxicity on land. Physiological and
Biochemical Zoology 77: 768-782.

Islam, A.; Woo, P. (1991). Trypanosoma danilewskyi in Carassius auratus: the nature
of protective immunity in recovered goldfish. Journal of Parasitology 77: 258-262.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 248



—NIWA_—

Australia

IUCN (2001). 100 of the world's worst invasive alien species: a selection from the
global invasive species database. Invasive Species Specialist Group, IUCN,
Auckland.

Jackson, J.E.; Raadik, T.A.; Lintermans, M.; Hammer, M. (2004). Alien salmonids in
Australia: impediments to effective impact management, and future directions. New
Zealand Journal of Marine and Freshwater Research 38: 447-455.

James, D. (1994). The application of economic techniques in environmental impact

assessment. Kluwer Academic Publishers, The Netherlands.

Jogunoori, W.; Kritsky, D.; Venkatanarasaiah, J. (2004). Neotropical Monogenoidea.
46. Three new species from the gills of introduced aquarium fishes in India, the
proposal of Heterotylus n. g. and Diaphorocleidus n. g., and the reassignment of
some previously described species of Urocleidoides Mizelle & Price, 1964
(Polyonchoinea: Dactylogyridae). Systematic Parasitology 58: 115-124.

Jones, M.; Ernst, I.; Whittington, 1. (1997). Variation in the egg cell forming region of
Gyrodactylus  kobayashii  Hukuda, 1940 (Monogenea: Gyrodactylidae).
International Journal of Parasitology 27: 507-516.

Jung, S.J.; Miyazaki, T. (1995). Herpesviral haematopoietic necrosis of goldfish
(Carassius auratus). Journal of Fish Diseases 18: 211-220.

Justine, J. (2005). Monogenea: Monopisthocotylea & Polyopisthocotylea. List of
specimens in the Collections of the MNHN. Muséum National d'Histoire Naturelle,
Paris. http: //www.mnhn.fr/mnhn/bpph/Collections/Monogenea.html

Kailola, P.J. (2000). Development of an alert list for non-native freshwater fishes.

Patricial J. Kailola, Consultant, Newnham, Tasmania, 59 p.

Kao, T.H.; Huang, S. (1994). Gametophytic self-incompatability: a mechanism for
self/nonself discrimination during sexual reproduction. Plant Physiology 105: 461-
466.

Katano, O.; Nakamura, T.; Yamamoto, S.; Abe, S. (2004). Food relationships and
species composition of fishes in the Urano River, Nagano Prefecture. Nippon
Suisan Gakkaishi 70(6): 902-909.

Kelley, J.L.; Magurran, A.E. (2003). Effects of relaxed predation pressure on visual
predator recognition in the guppy. Behavioral Ecology and Sociobiology 54(3):
225-232.

Kennard, M.J.; Arthington, A.H.; Pusey, B.J.; Harch, B.D. (2005). Are alien fish a
reliable indicator of river health? Freshwater Biology 50(1): 174-193.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 249



—NIWA_—

Australia

Kim, J.H.; Hayward, C.J.; Heo, G.J. (2002b). Nematode worm infections (Camallanus
cotti, Camallanidae) in guppies (Poecilia reticulata) imported to Korea.
Aquaculture 205: 231-235.

Kim, J.H.; Hayward, C.J.; Joh, S.J.; Heo, G.J. (2002a). Parasitic infections in live
freshwater tropical fishes imported to Korea. Diseases of Aquatic Organisms 52:
169-173.

Kim, S.H.; Paperna, 1. (1993). Endogenous development of Goussia trichogasteri
(Apicomplexa: Eimeriidae) in the intestine of gourami Trichogaster trichopterus.
Diseases of Aquatic Organisms 17: 175-180.

King, R.P.; Etim, L. (2004). Reproduction, growth, mortality and yield of Tilapia
mariae Boulenger 1899 (Cichlidae) in a Nigerian rainforest wetland stream.
Journal of Applied Ichthyology 20: 502-510.

Kirk, R.S. (2003). The impact of Anguillicola crassus on European eels. Fisheries
Management and Ecology 10: 385-394.

Koehn, J.D. (2004). Carp (Cyprinus carpio) as a powerful invader in Australian
waterways. Freshwater Biology 49(7): 882-894.

Koehn, J.D.; MacKenzie, R.F. (2004). Priority management actions for alien
freshwater fish species in Australia. New Zealand Journal of Marine and
Freshwater Research 38(3): 457-472.

Kolar, C.S.; Lodge, D.M. (2000). Freshwater non-indigenous species: intereactions
with other global changes. In: Mooney, H.A. & Hobbs, R.J (eds.). Pp3-30. Invasive
Species in a Changing World. Island Press, Washington DC.

Kolar, C.S.; Lodge, D.M. (2001). Progress in invasion biology: predicting invaders.
Trends in Ecology and Evolution 16: 199-204.

Koster, W.M.; Raadik, T.A.; Clunie, P. (2002). Scoping study of the potential spread
and impact of the exotic oriental weatherloach in the Murray-Darling Basin,
Australia: a resource document. Agriculture, Fisheries and Forestry, Australia.

Krause, J.; Godin, J.G. (1995). Predator preferences for attacking particular prey group
sizes: consequences for predator hunting success and prey predation risk. Animal
Behaviour 50(2): 465-473.

Kritsky, D.C.; Thatcher, V.E.; Boeger, W.A. (1989.) Neotropical Monogenea. 15.
Dactylogyrids from the gills of Brazilian Cichlidae with proposal of
Sciadicleithrum gen. n. (Dactylogyridae). Proceedings of the Helminthological
Society of Washington 56: 128-140.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 250



—NIWA_—

Australia

Kroon, F.; Gehrke, P.C.; Kurwie, T. (2005). Palatability of rotenone and antimycin
baits for carp control. Ecological Management and Restoration 6: 228-229.

Kushlan, J.A. (1986). Exotic fishes of the Everglades: a reconsideration of proven
impact. Environmental Conservation 13(1): 67-69.

Lamatsch, D.K.; Schmid, M.; Schartle, M. (2002). A somatic mosaic of the
gynogenetic Amazon molly. Journal of Fish Biology 60(6): 1417-1422.

Lancaster, M.; Williamson, M.; Schroen, C. (2003). Iridovirus associated mortality in
farmed Murray cod (Maccullochella peeli peeli). Australian Veterinary Journal 81:
633-634.

Landsberg, J.H.; Paperna, 1. (1985). Goussia cichlidarum n. sp. (Barrouxiidae,
Apicomplexa), a coccidian parasite in the swimbladder of cichlid fish. Zeitschrift
fir Parasitenkunde 71: 199-212.

Landsberg, J.H.; Paperna, 1. (1987). Intestinal infections by Eimeria (S. L.) vanasi n.
sp. (Eimeriidae, Apicomplexa, Protozoa) in cichlid fish. Annales de Parasitologie
Humaine et Comparee 62: 283-293.

Langdon, J.J.; Humphrey, J.D. (1982). Epizootic haematopoietic necrosis, a new viral
disease in redfin perch, Perca fluviatilis L. in Australia. Journal of Fish Diseases
10: 289.

Langdon, J.S. (1988). Diseases of introduced Australian fish. In: Fish Diseases, Post-
Graduate Committee in Veterinary Science, Sydney, pp. 225-276.

Langdon, J.S. (1990). Disease risks of fish introductions and translocations. Bureau of
Rural Resources Proceedings 8: 98-107.

Langdon, J.S.; Humphrey, J.D. (1987). Epizootic haematopoietic necrosis, a new viral
disease in redfin perch, Perca fluviatilis L., in Australia. Journal of Fish Diseases
10: 289-297.

Latini, A.O.; Petrere, M. (2004). Reduction of a native fish fauna by alien species: an
example from Brazilian freshwater tropical lakes. Fisheries Management and
Ecology 11(2): 71-79.

Leathwick, J.R.; Rowe, D.K.; Richardson, J.; Elith, J.; Hastie, T. (2005). Using
multivariate adaptive regression splines to predict the distributions of New
Zealand’s freshwater diadromous fish. Freshwater Biology 50: 2034-2052.

Lee, C.; Lee, E. (1985). Heat stability of organchlorine pesticide residues in loach.
Bulletin of the Natural Fish University Pusan 25: 85-91.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 251



—NIWA_—

Australia

Lee, C.E. (2002). Evolutionary genetics of invasive species. Trends in Ecology and
Evolution 17: 386-391.

Lee, D.S.; Gilbert, C.R.; Hocutt, C.H.; Jenkins, R.E.; McAllister, D.E.; Stauffer, J.E.
(1980). Atlas of North American freshwater fishes, North Carolina State Museum
of Natural History.

Lehman, N.; Eisenhawer, A.; Hansen, K.; Mech, L.D.; Peterson, R.O.; Gogan, P.J.;
Wayne, R.K. (1991). Introgression of coyote mitochondrial DNA into sympatric
North American gray wolf populations. Evolution 45(1): 104-119.

Leung, B.; Lodge, D.M.; Finnoff, D.; Shogren, J.F.; Lewis, M.A.; Lamberti, G.
(2002). An ounce of prevention or a pound of cure: bioeconomic risk analysis of
invasive species. Proceedings of the Royal Society London B 269: 2407-2413.

Levsen, A.; Berland, B. (2002). Post-embryonic development of Camallanus cotti
(Nematoda: Camallanidae), with emphasis on growth of some taxonomically
important somatic characters. Folia Parasitologica 49: 231-238.

Levsen, A.; Jakobsen, P.J. (2002). Selection pressure towards monoxeny in
Camallanus cotti (Nematoda: Camallanidae) facing an intermediate host bottleneck
situation. Parasitology 124: 625-629.

Levin, D.A.; Franciso-Ortegq, J.; Jansen, R.K. (1996). Hybridisation and extinction of
rare plant species. Conservation Biology 10(1): 10-16.

Lewontin, R.C.; Birch, L.C. (1966). Hybridization as a source of variation for
adaptation to new environments. Evolution 20: 315-336.

Lima, N.R. (1998). Genetic analysis of predatory efficiency in natural and laboratory-
made hybrids of Poeciliopsis (Pisces: Poeciliidae). Behaviour 135: 83-98.

Ling, M.E. (1962). Notes on seven new parasitic species of monogenetic trematodes -
Gyrodactylus from freshwater fishes of China. Acta Hydrobiologia Sinica 2: 67-78.

Ling, N. (2004). Gambusia in New Zealand: really bad or just misunderstood? New
Zealand Journal of Marine and Freshwater Research 38: 473-480.

Ling, SHM.; Wang, X.H.; Lim, T.M.; Leung, K.Y. (2001). Green fluorescent
protein-tagged Edwardsiella tarda reveals portal of entry in fish. FEMS
Microbiology Letters 194: 239-243.

Linstone, H.A.; Turoff, M.C. (1975). The Delphi method: techniques and applications.
Addison-Wesley, Boston, MA.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 252



—NIWA_—

Australia

Lintermans, M. (1991). The decline of native fish in the Canberra region: the impacts
of introduced species. Bogong 12: 18-22.

Lintermans, M. (1993). Oriental weatherloach Misgurnus anguillicaudatus in the
Cotter River: a new population in the Canberra region. Australian Central
Territory Parks and Conservation Service Technical Report 4: 1-22.

Lintermans, M. (1992). Recolonisation by the mountain galaxias, Galaxias olidus, of a
montane stream after the eradication of rainbow trout, Oncorhynchus mykiss.
Marine and Freshwater Research 51: 799-804.

Lintermans, M. (2004). Human-assisted dispersal of alien freshwater fish in Australia.
New Zealand Journal of Marine and Freshwater Research 38(3): 481-501.

Lintermans, M. (2007). Fishes of the Murray-Darling basin: an introductory guide.

Murray-Darling Basin Commission, Canberra.

Lintermans, M.; Rutzou, M.; Kukolic, K. (1990a). Introduced fish of the Canberra
Region - recent range expansions. Bureau of Rural Resources Proceedings 8: 50-
60.

Lintermans, M., Rutzou, T. and Kukolic, K. (1990b). The Status, Distribution and
Possible Impacts of the Oriental Weatherloach Misgurnus anguillicaudatus in the
Ginninderra Creek Catchment . Research Report 2, ACT Parks and Conservation

Service, Canberra.

Lio-Po, G.D.; Traxler, G.S.; Albright, L.J.; Leano, E.M. (2000). Characterisation of a
virus obtained from snakeheads Ophicephalus striatus with epizootic ulcerative
syndrome (EUS) in the Phillippines. Diseases of Aquatic Organisms 43: 191-198.

Lloyd, L.H. (1987). Ecology and distribution of small native fish of the lower Murray
River, South Australia, and their interactions with exotic mosquitofish Gambusia
affinis holbrooki (Girard). Unpublished MSc thesis, University of Adelaide,
Adelaide.

Lloyd, L.N.; Walker, K.F. (1986). Distribution and conservation status of small
freshwater fish in the River Murray, South Australia. Transactions of the Royal
Society of South Australia 110: 49-57.

Lo, C.F.; Huber, F.; Kou, G.H.; Lo, C.J. (1981). Studies on Clinostomum
complanatum (Rudolph, 1819). Fisheries Pathology 15: 219-227.

Lobel, P.S. (1980). Invasion by the Mozambique tilapia (Sarotheredon mossambicus:
Pisces, Cichlidae) of the Pacific marine ecosystem. Micronesica 16: 349-355.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 253



—NIWA_—

Australia

Lodge, D.M. (2001). Invasive species pathways, science and prevention: US-Canadian
Great Lakes case study paper. Annual Meeting of the American Association for the
Advancement of Science, San Francisco, February 2001.

Lodge, D.M.; Shrader-Frechette, K. (2003). Non-indigenous species: ecological
explanation, environmental ethics, and public policy. Conservation Biology 17(1):
31-37.

Lodge, D.M.; Stein, R.A.; Brown, K.M.; Covich, A.P.; Bronmark, C.; Garvey, J.E.;
Klosiewski, S.P. (1998). Predicting impact of freshwater exotic species on
biodiversity: challenges in spatial scaling. Australian Journal of Ecology 23: 53-67.

Lom, J.; Dykova, I. (1992). Protozoan parasites of fishes. Developments in
Aquaculture and Fisheries Science 26. Elsevier, 315 p.

Love, G.; Langenkamp, D. (2003). Australian aquaculture: industry profiles for related
species, ABARE Report 03.8, Prepared for the Fisheries Resources Research Fund,
Canberra.

Low, T. (2001). Feral future. Penguin, Ringwood, Victoria.

Lucky, Z. (1973). Gyrodactylus rasini n. sp. (Monogenoidea: Gyrodactylidae) a
parasite on the gills of Xiphophorus hellerii bred as an aquarium fish in
Czechoslovakia. Veterinari Medicina Praha 18: 647-652.

Lumanlan, S.C.; Albaladejo, J.D.; Bondad-Rantanso, M. (1992). Freshwater fishes
imported into the Philippines: their parasite faunas and role in the international
spread of parasitic diseases. Diseases in Asian Aquaculture 1: 323-335.

Lumsden, R.D. (1963). Saccocoelioides sogandaresi sp. n., a new haploporid
trematode from the sailfin molly Mollienisia latipinna Le Sueur in Texas. Journal
of Parasitology 49: 281-284.

Lundborg, L.E.; Robertsson, J.A. (1978). Occurrence of Salmonella species in
aquarium fish (Astronotus ocellatus). Svensk Veterinartidning 30: 191-193.

Macaulay, C. (2000). Mussel alert proves vigilance pays off for ocean protection.
CSIRO Information sheet available at http:

//www.marine.csiro.au/LeafletsFolder/mussel_aniv.html

MacKenzie, R. (2003). Queensland's approach to the control of exotic pest fishes.
Proceedings of a workshop hosted by the Department of Conservation, 10-12 May,
2001, Hamilton. Department of Conservation, Hamilton, pp. 21-26.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 254



—NIWA_—

Australia

Mahmoud, N.E.; El Bahy, M.; Fahmy, M.M. (1998). Cryptosporidium nasorum
among Mugil cephalus and Tilapia zillii from three different localities in Egypt.
Abstract, Third International Symposium on Aquatic Animal Health, August 30 —
September 3, 1998 Baltimore, USA.

Mallison, C.T.; Hestand III, R.S.; Thompson, B.Z. (1995). Removal of triploid grass
carp with an oral rotenone bait in two central Florida lakes. Lake and Reservoir
Management 11: 337-342.

Malmberg, G. (1957). Om forekomsten av Gyrodactylus pa svenska. fiskar. Skrifter
utgivna av Sodra Sveriges fiskeriforening 1956: 19-76. (In Swedish.)

Mandal, A.K. (1977). Trypanosoma choudhuryi sp. nov. from Tilapia mossambica
(Peters). Acta Protozoologica (Warszawa) 16: 1-4.

Marine Aquarium Council (MAC). (1998). Marine aquarium trade fact sheet,

Honolulu, Hawaii (www.aquariumcouncil.org).

Martinez, V.M.V.; Macedo, M.L.A.; Scholz, T.; Solis, D.G.; Franco, E.F.M. (2002).
Atlas de los helmintos parasitos de ciclidos de México. Instituto Politécnico

Nacional, Direccion de Publicaciones Tresguerras 27, 06040, México, D.F.

Martinez-Salazar, E.A.; Leon-Régagnon, V. (2005). Confirmation of Gnathostoma
binucleatum Almeyda-Artigas, 1991, advanced third-stage larvae in Tres Palos
Lagoon, Mexico, by morphological and molecular data. Journal of Parasitology
91: 962-965.

Mather, P.B.; Arthington, A.H. (1991). An assessment of genetic differentiation
among feral Australian tilapia populations. Australian Journal of Marine and
Freshwater Research 42: 721-728.

Mauel, M.J.; Miller, D.L.; Frazier, K.; Liggett, A.D.; Styer, L.; Montgomery-Brock,
D.; Brock, J. (2003). Characterization of a piscirickettsiosis-like disease in
Hawaiian tilapia. Diseases of Aquatic Organisms 53: 249-255.

Mayr, E. (1963). Animal species and evolution. Belknap, Cambridge, 797 p.

McCallum, H. (1986). Acquired resistance of black mollies Poecilia latipinna to
infection by Ichthyophthirius multifiliis. Parasitology 93: 251-261.

McDowall, R.M. (2001). Parioglossus (Teleostei: Microdesmidae) in New Zealand.
New Zealand Journal of Marine and Freshwater Research 35: 165-172.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 255



—NIWA_—

Australia

McDowall, R.M. (2004). Shoot first and then ask questions: a look at aquarium fish
imports and invasiveness in New Zealand. New Zealand Journal of Marine and
Freshwater Research 38: 503-510.

McDowall, R.M.; James, G.D. (2005). Aquarium fish imports and invasiveness: a
New Zealand evaluation. NIWA Client Report CHC2005-052, 202 p.

McDowall, R.M. (2006). The truth about rotenone. Fish and Game New Zealand 51.:
61-63.

McKay, R.J. (1984). Introductions of Exotic Fishes in Australia. In Courtenay, W.R.;
Stauffer, J.R. (eds.). Distribution, Biology and Management of Exotic Fishes. John

Hopkins University Press, Baltimore.

McKay, R.J. (1989). Exotic and translocated freshwater fishes in Australia. Asian
Fisheries Society Special Publication 3: 21-34.

McLeod, R. (2004). Counting the cost: impact of invasive animals in Australia.
(Norris, A. ed.). CRC for Pest Animal Control.

McMahon, B.R.; Burggren, W.W. (1987). Respiratory physiology of intestinal
breathing in the teleost fish Misgurnus anguillicaudatus. Journal of Experimental
Biology 133: 371-393.

McNee, A. (n.d). A national approach to the management of exotic fish species in the
aquarium trade — an inventory of exotic fish species: report for the Fisheries

Resources Research Fund, Commonwealth of Australia, Canberra.

Mendoza-Franco, E.; Posel, P.; Dumalio, S. (2003). Monogeneans (Dactylogyridae:
Ancyrocephalinae) of freshwater fishes from the Caribbean coast of Nicaragua.
Comparative Parasitology 70: 32-41.

Mendoza-Franco, E.; Scholtz, T.; Vivas-Rodriguez, C.; Vargas-Vazquez, J. (1999)
Monogeneans of freshwater fishes from cenotes (sinkholes) of the Yucatan
Peninsula, Mexico. Folia Parasitologica 46: 267-273.

Mendoza-Franco, E.; Vidal-Martinez, V.; Aguirre-Macedo, L.; Rodriguez-Canul, R.;
Scholz, T. (2000). Species of Sciadicleithrum (Dactylogyridae: Ancyrocephalinae)
of cichlid fishes from southeastern Mexico and Guatemala: new morphological
data, and host and geographical records. Comparative Parasitology 67: 85-91.

Merrick, J.R.; Schmida, G.E. (1984). Australian freshwater fishes: biology and
management. Publ. Author, Sydney, 409 p.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 256



—NIWA_—

Australia

Metz, E.C.; Kane, R.E.; Yanagimachi, H.; Palumbi S.R. (1994). Fertilization between
closely related sea urchins is blocked by incompatibilities during sperm-egg
attachment and early stages of fusion. Biological Bulletin 187: 23-24.

Midgalski, E.C.; Fichter, G.S. (1977). The fresh and saltwater fish of the world.
Octopus Books, London, 316 p.

Milton, D.A.; Arthington, A.H. (1983). Reproductive biology of Gambusia affinis
Baird and Girard, Xiphophorus helleri (Giinther) and X. maculatus (Heckel)
(Pisces: Poeciliidae). Journal of Fish Biology 23: 23-41.

Milton, D.A.; Arthington, A.H. (1983). Reproductive biology of Gambusia affinis
holbrooki Baird and Girard, Xiphophorus helleri (Giinther) and X. maculatus
(Heckel) (Pisces: Poeciliidae) in Queensland, Australia. Journal of Fish Biology
23:23-41.

Mitchell, A.J.; Hoffman, G.L. (1980). Important tapeworms of North American
freshwater fishes. Fish Disease Leaflet 59, US Dept. of Interior, Fish and Wildlife
Service, Washington, 18 p.

Mitchell, A.J.; Overstreet, R.M.; Goodwin, A.E.; Brandt, T.M. (2005). Spread of an
exotic fish gill trematode: a far reaching and complex problem. Fisheries 30: 11-
16.

Mitchell, C.P. (1985). Saltwater fish species survive. Ministry of Agriculture and
Fisheries Wellington, New Zealand. Freshwater Catch 27: 19.

Mitchell, R.C.; Carson, R.T. (1989). Using surveys to value public goods: the

contingent valuation method. Resources for the Future, Washington D.C.

Miyamoto, K. (1987). Studies on the zoonoses in Hokkaido, Japan. 8. The prevalence
of metacercariae of Echinostoma hortense Asada, 1926 in loaches. Hokkaido Igaku
Zasshi 62: 890-894.

Molnar, K.; Szekely, C. (2003). Infection in the fins of the goldfish Carassius auratus
caused by Myxobolus diversus (Myxosporea). Folia Parasitologica 50: 31-36.

Monello, R.J.; Wright, R.G. (2001). Predation by goldfish (Carassius auratus) on eggs
and larvae of the eastern long-toed salamander (Ambystoma macrodactylum
columbianum). Journal of Herpetology 35(2): 350-353.

Montoya-Mendoza, J.; Chavez-Lopez, R.; Franco-Lopez, J. (2004). Helminths from
Dormitator maculatus (Pises: Eleotridae) in Alvarado Lagoon, Veracruz, México,
and supplemental data for Clinostomum complanatum Rudolphi, 1814 from
Egretta caerulea (Aves: Ardeidae). Gulf and Caribbean Research 16: 115-127.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 257



—NIWA_—

Australia

Moody, N.; Owens, L. (1994). Experimental demonstration of the pathogenicity of a
frog virus, Bohle iridovirus, for a fish species, barramundi Lates calcarifer.
Diseases of Aquatic Organisms 18: 95-102.

Moore, A.S. (2000). The genetic impact of stock enhancement programs using
captively bred fish. In: Stock enhancement of marine and freshwater fisheries. Eds:
Moore, A.; R. Hughes. Australian Society for Fish Biology Workshop, Albury 7-12
August, 2000, pp. 33-38.

Moore, A.S.; Knight, J.; Brooks, L.; Breen, A.: Hume, B. (2002). Density dependent
interference competition between Gambusia holbrooki and three Australian native
fish. Australian Society for Fish Biology Annual Conference, Cairns, Queensland
14-17 August 2002. Australian Society for Fish Biology, Canberra.

Moravec, F.; Gut, J. (1982). Morphology of the nematode Capillaria pterophylli

Heinze, 1933, a pathogenic parasite of some aquarium fishes. Folia Parasitologica
29: 227 -231.

Morgan, D.L.; Beatty, S. (2005). Fish fauna of the Vasse River and the colonisation by
feral goldfish (Carassius auratus). Murdoch University.

Morgan, D.L.; Beatty, S. (2006a). Re-establishment of native freshwater fishes in Bull
Creek. Report prepred fro the Melville City Council. Centre for Fish and Fisheries
Research, Murdoch University, Perth.

Morgan, D.L.; Beatty, S. (2006b). Overview of the goldfish control programme in the
Vasse River, Western Australia: 2004-2006. Report to Geocatch. Centre for Fish
and Fisheries Research, Murdoch University, Perth.

Morgan, D.L.; Gill, H.S. (2001). The green swordtail Xiphophorus helleri Heckel
(Poeciliidae): another aquarium fish established in the wild in Western Australia.
Records of the Western Australian Museum 20: 349-352.

Morgan, D.L.; Beatty, S.; McLetchie, H (2005). Control of feral goldfish (Carassius
auratus) in the Vasse River. Report to the Vasse-Wonnerup LCDC. Murdoch

University.

Morgan, D.L.; Gill, H.S.; Maddern, M.G. Beatty, S.J. (2004). Distribution and impacts
of introduced freshwater fishes in Western Australia. New Zealand Journal of
Marine and Freshwater Research 38(3): 511-523.

Morgan, D.L.; Hambleton, S.J.; Gill, H.S.; Beatty, S.J. (2002). Distribution, biology
and likely impacts of the introduced redfin perch (Perca fluviatilis) (Percidae) in
Western Australia. Marine and Freshwater Research 53: 1211-1221.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 258



—NIWA_—

Australia

Morishima, K.; Horie, S.; Yamaha, E.; Arai, K. (2002). A cryptic clonal line of the
loach Misgurnus anguillicaudatus (Teleostei: Cobitidae) evidenced by induced
gynogenesis, interspecific hybridization, microsatellite genotyping and multilocus
DNA fingerprinting. Zoological Science 19(5): 65-575.

Morison, A.; Hume, D. (1990). Carp (Cyprinus carpio) in Australia. Bureau of Rural
Resources Proceedings 8: 110-113.

Moyle, P.B. (1985). Fish introductions into North America. In: Biological invasions in
North America. (Mooney, H. Ed.), Springer Verlag, Berlin.

Moyle, P.B.; Li, H.W.; Barton, B.A. (1986). The Frankenstein effect. Impact of
introduced fishes on native fishes in North America. In: Fish culture in fisheries
management. (Stroud, R.H. ed.), American Fisheries Society, Bethesda, pp. 415-
426.

Moyle, P.B.; Light, T. (1996a). Biological invasions of fresh water: empirical rules
and assembly theory. Biological Conservation 78(1-2): 149-161.

Moyle, P.B.; Light, T. (1996b). Fish invasions in California: do abiotic factors
determine success? Ecology 77: 1666-1670.

Mukhi, S.K.; Chandrika, V.; Madhavi, B.; Nayak, B.B. (2001). Incidence of B-
haemolytic streptococcal infection associated with mass mortalities of cultured
tilapia, Oreochromis mossambicus, in brackish water ponds in India. Journal of
Aquaculture in the Tropics 16: 373-383.

Mulley, J.C.; Shearer, K.D. (1980). Identification of natural ‘Yanco’ x ‘Boolara’
hybrids of the carp Cyprinus carpio Linnaeus. Australian Journal of Marine and
Freshwater Research 31: 409-411.

Muusze, B; Marcon, J.; van den Thillart, G.; Almeida-Val, V. (1998). Hypoxia
tolerance of Amazon fish: respirometry and energy metabolism of the cichlid
Astronotus ocellatus. Comparative Biochemistry and Physiology 120A(1): 151-
156.

Natividad, J.M.; Bondad-Reantaso, M.G.; Arthur, J.R. (1986). Parasites of Nile tilapia
(Oreochromis niloticus) in the Philippines. In: The First Asian Fisheries Forum.
Asian Fisheries Society, Manila, Philippines (Maclean, L.J., Dizon L.B.; Hosillos,
L.V.eds.), pp. 255-259.

Natural Resources and Environment (NRE) Victoria 2001, Commercial Fish
Production Information Bulletin 2001, Marine and Freshwater Resources Institute,

Melbourne.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 259



—NIWA_—

Australia

Nelson, S.G.; Eldredge, L.G. (1991). Distribution and status of introduced cichlid
fishes of the genera Oreochromis and Tilapia in the islands of the South Pacific
and Micronesia. Asian Fisheries Science 4: 11-22.

Nigrelli, R.; Ruggieri, G.D. (1965). Studies on virus diseases of fishes, spontaneous
and experimentally induced cellular hypertrophy (lymphocystis disease) in fishes
of the New York aquarium, with a report of new cases and an annotated
bibliography (1874—1965). Zoologica 50: 83-95.

Nigrelli, R.; Vogel, H. (1963). Spontaneous tuberculosis in fishes and in other cold
blooded vertebrates with special reference to Mycobacterium fortuitum Cruz from
fish and human lesions. Zoologica 48: 131-144.

Nimai, C. (1999). On the development and life cycle of Camallanus anabantis
(Nematoda: Camallanidae), a parasite of the climbing perch Anabas testudineus.
Folia Parasitologica 46: 205-215.

Noonan, K. (2006). As popular as poison: the plague that never was. Courier Mail.
P. 28.

NPWS (2003). Predation by Gambusia holbrooki - Hurstville, NSW, the plague
minnow. NSW National Parks and Wildlife Service: 62.

NRE (Natural Resources and Environment, Victoria) (2001). Commercial Fish

production.

NRMMC (Natural Resource Management Ministerial Council) (2006). A strategic
approach to the management of ornamental fish in Australia. Department of
Agriculture, Fisheries and Forestry. 40p.

NSW Fisheries (2003). Aquaculture Production Report 2001/2002. Department of
Fisheries, Sydney.

Nunn, M.J. (1995). Aquatic animal quarantine in Australia. Report of the scientific
working party on aquatic animal quarantine. Bureau of Resource Science,

Canberra.

Obordo, C.0O.; Chapman, L.J. (1997). Respiratory strategies of a non-native Florida
cichlid, Cichlasoma octofasciatum. Florida Scientist 60(1): 40-52.

Ohyama, F.; Okino, T.; Ushirogawa, H. (2001). Massaliatrema misgurni n. sp.
(Trematoda: Heterophyidae) whose metacercariae encyst in loaches (Misgurnus
anguillicaudatus). Parasitology International 50: 267-271.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 260



—NIWA_—

Australia

OIE (2003). Manual of diagnostic tests for aquatic animals. Fourth edition. Office
International des Epizooties, Paris, 358 p.

Ortega, C.; Muzquiz, J.L.; Simon, M.C.; Alonso, J.L.; Garcia, J.; Girones, O.; Planas,
E. (1993a). Comparative study of three different diagnostic techniques: avidin-
biotin-peroxidase, fluorescent antibody and cell culture isolation in the diagnosis of
infectious pancreatic necrosis (IPN) carrier fish. Bulletin of the European
Association of Fish Pathologists 13: 56-59.

Ortega, C.; Planas, E.; Docando, J.; Muzquiz, J.L.; Alonso, J.L.; Simon, M.C. (1993b).
Epidemiological risk factors affecting the presentation of viral agents in freshwater
culture in north-eastern Spain. Bulletin of the European Association of Fish
Pathologists 13: 154-156.

OTA (1993). United States Office of Technology Assessment. Harmful non-
indigenous species in the United States, OTA-F-565. U.S. Government Printing
Office, Washington D.C.

Palumbi, S.R.; Metz, E.C. (1991). Strong reproductive isolation between closely
related tropical sea urchins (genus Echinometra). Molecular Biology and Evolution
8(2): 227-239.

Paperna, 1. (1968). Monogenetic trematodes collected from freshwater fishes in
Ghana. Second report. Bamigdeh 20: 88-99.

Paperna, 1. (1980). Parasites, infections and diseases of fish in Africa. CIFA Technical
Paper No.7. FAO, Rome, 216 p.

Paperna, 1. (1996). Parasites, infections and diseases of fishes in Africa: an update.
CIFA Technical Paper No. 31. FAO, Rome, 232 p.

Paperna, I.; Landsberg, J. (1985). Ultrastructure of oogony and sporogony in Goussia
cichlidarum Landsberg and Paperna 1985, a coccidian parasite in the swimbladder
of cichlid fish. Protistologica 21: 349-359.

Paperna, 1.; Smirnova, M. (1997). Branchiomyces-like infection in cultured tilapia
(Oreochromis hybrid: Cichlidae). Diseases of Aquatic Organisms 31: 233-238.

Paperna, I.; van As, J.G. (1983). The pathology of Chilodonella hexasticha (Kiernik):
infections in cichlid fishes. Journal of Fish Biology 23: 441-450.

Paperna, 1.; Vilenkin, M.; Alves de Matos, A.P. (2001). Iridovirus infections in farm
reared tropical ornamental fish. Diseases of Aquatic Organisms 48: 17-25.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 261



—NIWA_—

Australia

Pariselle, A.; Euzet, L. (2003). Four new species of Cichlidogyrus (Monogenea:
Ancyrocephalidae) gill parasites of Tilapia cabrae (Teleostei: Cichlidae) with
discussion on relative length of haptoral sclerites. Folia Parasitologica 50: 195-
201.

Pate, M.; Jencic, V.; Zolnir-Dovc, M.; Ocepek, M. (2005). Detection of mycobacteria
in aquarium fish in Slovenia by culture and molecular methods. Diseases of
Aguatic Organisms 64: 29-35.

Patrick, J. (2001). A profile of the aquarium industry. Unpublished data.

Pearson, H. (2004). Carp virus prompts moves to avert global spread. Nature 427:
577.

Perkins, F. (1994). Practical cost benefit analysis: basic concepts and applications.
MacMillan, Australia.

Perrings, C. (n.d.). Biological invasions in aquatic systems: the economic problem.

Perrings, C.; Williamson, M.; Barbier, E.B.; Delfino, D.; Dalmazzone, S.; Shogren, J.;
Simmons, P.; Watkinson, A. (2002). Biological invasion risks and the public good:
an economic perspective. Conservation Ecology 6(1): 1. (online —
http://www.consecol.org/vol6/iss1/ortl/

Peters, G.; Hartmann, F. (1986). Anguillicola, a parasitic nematode of the swim
bladder spreading among eel populations in Europe. Diseases of Aquatic
Organisms 1: 229-230.

Philippart, J.; Ruwet, J. (1982). Ecology and distribution of tilapias In. Pullin, R.S.V_;
Lowe-McConnell, R.H. (eds.) pp.55-59. The Biology and Culture of Tilapias.
International Center for Living Aquatic Resources, Manila.

Pimenta Leibowitz, M.; Ariav, R.; Zilberg, D. (2005). Environmental and
physiological conditions affecting Tetrahymena sp. infection in guppies, Poecilia
reticulata Peters. Journal of Fish Diseases 28: 539-547.

Pollard, D.A.; Burchmore, J. (1986). A possible scenario for the future of Australia's
freshwater fish fauna. In: Limnology in Australia. (De Deckker, P.; Williams,
W.D., eds.) CSIRO/Dr W. Junk Publishers, Melbourne, pp. 615-636.

Ponpornpisit, A.; Endo, N.; Murata, H. (2000). Experimental infection of the ciliate
Tetrahymena pyriformis on ornamental fishes. Fisheries Science 66: 1026-1031.

Praw, J.C.; Grant, JW.A. (1999). Optimal territory size in the convict cichlid.
Behaviour 136(10-11): 1347-1363.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 262



—NIWA_—

Australia

Pritchard, J.; Bailey, V.; Puckridge, J, (2004). Alien invaders — down but not out in the
arid zone rivers of the Lake Eyre basin. Australian Society for Fish Biology
Newsletter 34(1): 57-61.

Pullan, S. (1982). Eradication of koi carp proves difficult. Freshwater Catch 15: 24.
New Zealand Ministry of Agriculture and Fisheries, Wellington.

QDPI (Queensland Department of Primary Industry)(2007). Chinese weatherfish or
weatherloach Misgurnus anguillicaudatus.
www2.dpi.qld.gov.au/fishweb/2377.html

Randall, J.E. (1987). Introductions of marine fishes into the Hawaiian Islands. Bulletin
of Marine Science 41: 490-500.

Ratnasabapathi, D.; Burns, J.; Souchek, R. (1992). Effects of temperature and prior
residence on territorial aggression in the convict cichlid, Cichlasoma
nigrofasciatum. Aggressive Behavior 18(5): 365-372.

Rayner, T. S; Creese, R.G. (2006). A review of rotenone use for the control of non-
indigenous fish in Australian fresh waters, and an attempted eradication of the
noxious fish, Phalloceros cuadimaculatus. New Zealand Journal of Marine and
Freshwater Research 40: 477-486.

Reid, W.V.; Mooney, H.A.; Cropper, A.; Capistrano, D.; Carpenter, S.R.; Chopra, K.;
Dasgupta, P.; Dietz, T.; Duraiappah, A.K.; Hassan, R.; Kasperson, R.; Leemans,
R.; May, R.M.; McMichael, T.A.J.; Pingali, P.; Samper, C.; Scholes, R.; Watson,
R.T.; Zakri, A.H.; Shidong, Z.; Ash, N.J.; Bennett, E.; Kumar, P.; Lee, M.J.;
Raudsepp-Hearne, C.; Simons, H.; Thonell, J.; Zurek, M.B. (2005). Ecosystems
and Human Well-Being. Synthesis. A report to the Millenium Ecosystems
Assessment. Island Press, Washington DC.

Reznick, D.; Endler, J.A. (1982). The impact of predation on life history evolution.
Evolution 36(1): 160-177.

Rhymer, J.M.; Simberloff, D. (1996). Extinction by hybridization and introgression.
Annual Review of Ecology and Systematics 27: 83-109.

Ricciardi, A.; Maclsaac, H.J. (2000). Recent mass invasion of the North American
Great Lakes by Ponto-Caspian species. Trends in Ecology and Evolution 15: 62-65.

Richardson, J. (2005). New Zealand freshwater fish database user guide. NIWA Client
Report HAM2005-033: 1-28.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 263



—NIWA_—

Australia

Richardson, M.J.; Whoriskey, F.G. (1993). Habitat modification by an exotic fish
introduced into experimental ponds. Journal of Fish Biology 43(Suppl. A): 339.
(Poster abstract).

Richardson, M.J.; Whoriskey, F.G.; Roy, L.H. (1995). Turbidity generation and
biological impacts of an exotic fish, Carassius auratus, introduced into shallow
seasonally anoxic ponds. Journal of Fish Biology 47(4): 576-585.

Richardson, M.J.; Frederick, M.J.; Whoriskey, Richardson, G. (1992). Factors
influencing the production of turbidity by goldfish (Carassius auratus). Canadian
Journal of Zoology 70(8): 1585-1589.

Riehl, R.; Baensch, H.A. (1991). Aquarium Atlas. Mergus, Melle, 992 p.

Roberts R.J.; MacIntosh, D.J.; Tonguthai, K.; Boonyaratpalin, S.; Tayaputch, N.;
Phillips, M.J.; Millar, S.D. (1986). Field and laboratory investigations into
ulcerative fish disease in the Asia Pacific region. FAO, UN, Bangkok, 214 p.

Roberts, J.; Tilzey, R.J. (1997). Controlling carp: exploring the options for Australia:
proceedings of a workshop, 22-24 October 1996, Canberra, CSIRO Land and
Water, Albury, 129 p.

Robinson, J.; Clouston, B.; Suh, J. (n.d.). Consumer preferences for water quality
improvements using a citizens’ jury and choice modelling: A case study on the
Bremer River catchment, South East Queensland. CRC for Coastal Zone, Estuary

and Waterway Management and University of Queensland, Brisbane.

Rosenthal, G.G.; de la Rosa Reyna, X.F.; Kazianis, S.; Stephens, M.J.; Morizot, M.C.;
Ryan, M.J.; Garcia de Leon, F.J. (2003). Dissolution of sexual signal complexes in
a hybrid zone between the swordtails Xiphophorus birchmanni and Xiphophorus
malinche (Poeciliidae). Copeia 2003(2): 299-307.

Rosenweig, M.L. (2001). The four questions: what does the introduction of exotic
species do to diversity. Evolutionary Ecology Research 3: 361-367.

Rowe, D.K. (2003). Balancing native fish diversity, exotic fish impacts and angling in
New Zealand, North Island dune lakes. Pp. 96-102. In Beumer, J.; Grant, A.;
Smith, D.C. (eds.). Aquatic Protected Areas - What works best and how do we
know? Proceedings of the World Congress on Aquatic Protected Areas, Cairns,
Australia - August 2002. Australian Society for Fish Biology.

Rowland, S.J. (1984). Hybrization between the estuarine fishes yellowfin bream,
Acanthopagrus australis (Giinther), and black bream A. butcheri (Munro) (Pisces:
Sparidae). Australian Journal of Marine and Freshwater Research 35: 427-440.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 264



—NIWA_—

Australia

Rowland, S.J.; Ingram, B.A. (1991). Diseases of Australian indigenous freshwater
fishes (with emphasis on the ectoporasitic and fungal diseases of Murray cod
(Macellochella peeli, golden perch (Macquaria ambigua) and silver perch
(Bidyanus bidyanus)). New South Wales Fisheries Bulletin 4: 33 p.

Rowley, J.J.L.; Rayner, T.S.; Pyke, G.H. (2005). New records and invasive potential
of the poeciliid fish Phalloceros caudimaculatus. New Zealand Journal of Marine
and Freshwater Research 39: 1013-1022.

Rubidge, E.M.; Taylor, E.B. (2005). An analysis of spatial and environmental factors
influencing hybridisation between native westslope cutthroat trout (Oncorhynchus
clarki lewisi) and introduced rainbow trout (O. mykiss) in the upper Kootenay
River drainage, British Columbia. Conservation Genetics 6(3): 369-384.

Ruiz, R.; Moyano, V.H.; Marchant, M. (1992). Aspectos biologicos del pez exotico
Cichlasoma facetum (Jenyns, 1842) (Pisces, Cichlidac) en aguas dulces de
Concepcion. Boletin Societe de Biologia Concepcion 63: 193-201.

Rundle, H.D. (2002). A test of ecologically dependant postmating isolation between
sympatric sticklebacks. Evolution 56(2): 322-329.

Ryang, Y. (1990). Studies of Echinostoma spp. in the Chungju Reservoir and upper
streams of the Namhan River. Kisaengchunghak Chapchi 28: 221-233.

Sakai, A.K.; Allendorf, F.W.; Holt, J.S.; Hodge, D.M.; Molofsky, J.; With, K.A.;
Baugham, S.; Cabin, R.J.; Cohen, J.S.; Eltrand, N.C.; MacCaulay, D.E.; O’Neill,
P.; Parker, J.M.; Thompson, J.N.; Weller, S.G. (2001). The population biology of
invasive species. Annual Review of Ecology and Systematics 32: 305-332.

Sakiti, N.G.; Bouix, G. (1987). Nosemoides tilapiae n. sp., microsporidie parasite de
poissons Cichlidae des eaux saumatres du Benin: implantation et caracteres
ultrastructuraux. Parasitology Research 73: 203-212.

Salgado-Maldonado, G.; Aguilar-Aguilar, R.; Cabanas-Carranza, G.; Soto-Galera, E.;
Mendoza-Palmero, C. (2005). Helminth parasites in freshwater fish from the
Papaloapan River basin, Mexico. Parasitology Research 96: 69-89.

Sanger, A.C.; Koehn, J.D. (1997). Use of chemicals in carp control. In: Controlling
carp: exploring the options for Australia. Proceedings of a workshop 22-24 October
1996. (Roberts, J.; Tilzey, R., eds.) CSIRO and the Murray Darling Basin
Commission, Canberra, pp. 37-55.

Santacana, J.A.; Conroy, D.A.; Mujica, M.E.; Marin, C.; de Lopez, N. (1982). Acid-
fast bacterial infection and its control in three-spot gouramis, Trichogaster
trichopterus Pallas. Journal of Fish Diseases 5: 545-547.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 265



—NIWA_—

Australia

Schartl, M.; Wilde, B.; Schlupp, I.; Parzefall, J. (1995). Evolutionary origin of a
partheniform, the Amazon molly, Poecilia formosa, on the basis of a molecular
genealogy. Evolution 49(5): 827-829.

Scholz, T.; Shimazu, T.; Olson, P.; Nagasawa, K. (2001). Caryophyllidean tapeworms
(Platyhelminthes: Eucestoda) from freshwater fishes in Japan. Folia Parasitologica
48: 275-288.

Scholz, T.; Vargas-Vazquez, J.; Moravec, F. (1996). Bothriocephalus pearsei n. sp.
(Cestoda: Pseudophyllidea) from cenote fishes of the Yucatan Peninsula, Mexico.
Journal of Parasitology 82: 801-805.

Scholz, T.; Vargas-Vazquez, J.; Moravec, F.; Vivas-Rodriguez, C.; Mendoza-Franco,
E. (1995). Cenotes (sinkholes) of the Yucatan Peninsula, Mexico, as a habitat of
adult trematodes of fish. Folia Parasitologica 42: 37-47.

Scholz, T.; Vargas-Vazquez, J.; Vidal —Martinez, V.; Aguirre-Macedo, L. (1997).
Ascocotyle (A.) nunezae n. sp. (Digenea: Heterophyidae) from Yucatan, Mexico.
Journal of Parasitology 83: 141-147.

Scribner, K.T. (1993). Hybrid zone dynamics are influenced by geonotype-specific
variation in life-history traits: experimental evidence from hybridizing Gambusia
species. Evolution 47: 632-647.

Scribner, K.T.; Avise, J.C. (1994). Population cage experiments with a vertebrate: the
temporal demography and cytonuclear genetics of hybridization in Gambusia
fishes. Evolution 48: 155-171.

Scribner, K.T.; Datta, S.; Arnold, J.; Avise, J. (1999). Empirical evaluation of
cytonuclear models incorporating genetic drift and tests for neutrality of mtDNA
variants: data from experimental Gambusia hybrid zones. Genitica 105(1): 101-
108.

Segovia Salinas, F.; Jimenez-Guzman, F.; Galaviz-Silva, L.; Ramirez-Bon, E. (1991).
Myxobolus nuevoleonensis, n.sp. (Myxozoa: Myxobolidae) parasite of fishes
Poecilia mexicana and P. reticulata from Rio de la Silla near Monterey, Nuevo
Leon, Mexico. Revue of Latin American Microbiology 33: 265-269.

Seng, L.T. (1988). Seasonal occurrence of an ectoparasitic digenean, Transversotrema
patialense (Soparkar, 1924) in Rasbora sumatrana Bleeker, 1852 from Sungai
Bayan Lepas, Penang, Malaysia. Tropical Biomedicine 5: 71-76.

Seo, B.; Park, Y.; Chai, J.; Hong, S.; Lee, S. (1984). Studies on intestinal trematodes

in Korea. XIV. Infection status of loaches with metacercariaec of Echinostoma

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 266



—NIWA_—

Australia

cinetorchis and their development in albino rats. Kisaengchunghak Chapchi 22:
181-189.

Shafland, P.L.; Pestrak, J.M. (1982). Lower lethal temperatures for fourteen non-
native fishes in Florida. Environmental Biology of Fishes 7(2): 149-156.

Shaharom-Harrison, F.; Anderson, I.; Siti, A.; Shazili, N.; Ang, K.; Azmi, T. (1990).
Epizootics of Malaysian cultured freshwater pond fishes by Piscinoodinium
pillularae (Schaperclaus, 1954) Lom, 1981. Aquaculture 86: 127—138.

Shearer, K.D.; Mulley, J.C. (1978). The introduction and distribution of the carp,
Cyprinus carpio Linnaeus, in Australia. Australian Journal of Marine and
Freshwater Research 29: 551-563.

Siddarth, S.N. (2005). Breeding jewel cichlids Hemichromis bimaculatus.
www.aquarticles.com/articles/breeding/Siddarth_Jewel Cichlids.html

Simberloff, D. (1996). Impacts of introduced species in the United States.
Consequences 2(2): 1-13.

Simberloff, D. (2003). How much information on population biology is needed to
manage introduced species? Conservation Biology 17: 83-92.

Simkova, A.; Morand, S.; Jobet, E.; Gelnar, M.; Verneau, O. (2004). Molecular
phylogeny of congeneric monogenean parasites (Dactylogyrus): a case of intrahost
speciation. Evolution 58: 1001-1018.

Simpson, K.; Day, N. (1993). Field guide to the birds of Australia. Viking, Penguin
Books, Ringwood, Victoria.

Skiba, N. (1998). About infection of aquarium fish by capillariids nematodes.
Abstract, Poster Session, Third International Symposium on Aquatic Animal
Health, August 30- September 3, 1998, Baltimore USA, p. 104.

Skliris, G.P.; Richards, R.H. (1999). Nodavirus isolated from experimentally infected
tilapia, Oreochromis mossambicus (Peters). Journal of Fish Diseases 22: 315.

Slobodkin, L.B. (2001). The good, the bad and the reified. Evolutionary Ecology
Research 3: 1-13.

SoE (2003). State of the Environment, South Australia.

Sohn, W.; Kho, W.; Lee, S. (1993). Larval Gnathostoma nipponicum found in the
imported Chinese loaches. Korean Journal of Parasitology 31: 347-352.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 267



—NIWA_—

Australia

Soltani, M.; Mirzargar, S.S.; Abrahimzadeh, H.A. (1998). Occurrence of a motile
Aeromonas septicaemia in the imported ornamental fish, oscar Astronotus
ocellatus: isolation, characterization and pathogenicity. Journal of the Faculty of
Veterinary Medicine University of Tehran 53: 63-65.

Soulé, M.E. (1980). Thresholds for survival: maintaining fitness and evolutionary
potential. In: Conservation biology, an evolutionary-ecological perspective. (Soulé,
M.E.; Wilcox, B.A., eds.) Sinauer Associates, Sunderland, Massachusetts, pp. 151-
170.

Stebbins, G.L. (1959). The role of hybridisation in evolution. Proceedings of the
American Philosophical Society 103: 231-251.

Sterba, G. (1962). Freshwater fishes of the world. London, Vista Books.

Sterba, G. (1966). Freshwater fishes of the world. T.H.F Publications, Hong Kong, 2
vol.

Sterba, G. (1973). Freshwater fishes of the world. Tropical Fish Hobbyist
Publications, Inc. Neptune City, New Jersey.

Stevens, F.; Raidal, S.; Jones, B. (2004). Haematopoietic necrosis in a goldfish
(Carassius auratus) associated with an agent morphologically similar to
herpesvirus. Australian Veterinary Journal 82: 167-169.

Stewart, J.E. (1991). Introductions as factors in diseases of fish and aquatic
invertebrates. Canadian Journal of Fisheries and Aquatic Science 48 (Supplement
1): 110-117.

Stuart, 1.; McKenzie, J.; Williams, A.; Holt, T. (2003). Separation cages for the
removal of carp from Murray Darling Basin fishways. Report to the Murray
Darling River Basin Commission by the Arthur Rylah Institute for Environmental
Research, Heidelberg, Victoria.

Swift, C.C.; Haglund, T.R.; Ruiz, M.; Fisher R.N. (1993). The status and distribution
of the freshwater fishes of southern California. Bulletin of the Southern California
Academy of Science 92(3): 101-167.

Subasinghe, R.P.; Sommerville, C. (1990). Descriptive pathology of controlled
infections of the ciliate ectoparasite Ichthyophthirius multifiliis Fouquet, 1876 in
Oreochromis mossambicus (Peters) fry. Asian Fisheries Science 3(3): 309-317.

Suzuki, R. (1983). Multiple spawning of the cyprinid loach Misgurnus
anguillicaudatus. Aquaculture 31: 233-243.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 268



—NIWA_—

Australia

Szekely, C.; Molnar, K. (1992). Goussia trichogasteri n. sp. (Apicomplexa:
Eimeriidae) infecting aquarium-cultured golden gourami Trichogaster trichopterus
trichopterus. Diseases of Aquatic Organisms 13: 79-81.

Tabor, R.A.; Warner, E.; Hager, S. (2001). An oriental weather fish (Misgurnus
anguillicaudatus) population established in Washington State. Northwest Science
75: 72-76.

Tanaka, M. (1999). Influence of different aquatic habitats on distribution and
population density of Misgurnus anguillicaudatus in paddy fields. Japanese
Journal of Ichthyology 46(2): 75-81.

Templeton, A.R. (1981). Mechanisms of speciation — a population genetics approach.
Annual Review of Ecology and Systematics 12: 23-48.

Templeton, A.R. (1997). Co-adaptation, local adaptation and outbreeding depression.
In: Principles of conservation biology (Meffe, G.K.; Carroll, R.C., eds.). Sinauer
Associates, Sunderland, Massachusetts, pp. 171-172.

Thilakaratne, 1.; Rajapaksha, G.; Hewakopara, A.; Rajapakse, R.; Faizal, A. (2003).
Parasitic infections in freshwater ornamental fish in Sri Lanka. Diseases of Aquatic
Organisms 54: 157-162.

Tiedmann, R. (2005). New microsatellite loci confirm hybrid origin, parthenogenetic
inheritance, and mitoitic gene conversion in the gynogenetic Amazon molly
(Poecilia formosa). Molecular Ecology Notes 5(3): 586-589.

Tobler, M.; Wahli, T.; Schlupp, I. (2005). Comparison of parasite communities in
native and introduced populations of sexual and asexual mollies of the genus
Poecilia. Journal of Fish Biology 67: 1072-1082.

Tonguthai, K. (1985). A preliminary account of ulcerative fish diseases in the Indo-
Pacific region (a comprehensive study based on Thai experiences). Department of
Fisheries Bangkok, Thailand, 39 p.

Torchin, M.E.; Lafferty, K.D.; Kuris, A.M. (2002). Parasites and marine invasions.
Parasitology 124: S137-S151.

Townsend, C.R. (2003). Individual, population, community and ecosystem
consequences of a fish invader in New Zealand streams. Conservation Biology
17(1): 38-47.

Townshend, T.J.; Wootton, R.J. (1984). Effects of food supply on the reproduction of
the convict cichlid, Cichlasoma nigrofasciatum. Journal of Fish Biology 24(1): 91-
104.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 269



—NIWA_—

Australia

Trujillo-Jimenez, P. (1998). Trophic spectrum of the cichlids Cichlasoma
(Parapetenia) istlanum and Cichlasoma (Arconcentrus) nigrofasciatum in the
Amacuzac River, Morelos, Mexico. Journal of Freshwater Ecology 13(4): 465-
473.

Trust, T.J.; Khouri, A.G.; Austen, R.A.; Ashburner, L.D. (1980). First isolation in
Australia of atypical Aeromonas salmonicida. FEMS Microbiology Letters 9(1):
39-42.

Underwood, A.J. (1991). Beyond BACI: Experimental designs for detecting human
environmental impacts on temporal variations in natural populations. Australian
Journal of Marine and Freshwater Research 42(5): 569-587.

U.S. Fish and Wildlife Service (1983). The Moapa dace recovery plan. Prepared in
cooperation with the Nevada Department of Wildlife. 32 pp.

USGS. U.S. Geological Service fact sheets on exotic species

(http://nas.er.usgs.gov/queries/factsheetlist.asp).

U.S. Congress, Office of Technology Assessment (OTA) (1993). Harmful non-
indigenous species in the United States, OTA-F-565, Washington, DC: U.S.
Government Printing Office, September 1993.

Van As, J.G.; Basson, L. (1989). A further contribution to the taxonomy of the
Trichodinidae (Ciliophora: Peritrichia) and a review of the taxonomic status of
some fish ectoparasitic trichodinids. Systematic Parasitology 14: 157-179.

Verspoor, E.; Hammar, J. (1991). Introgressive hybridisation in fishes: the
biochemical evidence. Journal of Fish Biology 39 (Supplement A): 309-334.

Vidal-Martinez, V.M.; Scholz, T.; Aguirre-Macedo, M.L. (2001). Dactylogyridae of
cichlid fishes from Nicaragua, Central America, with descriptions of Gussevia
herotilapiae sp. n. and three new species of Sciadicleithrum (Monogenea:
Ancyrocephalinae). Comparative Parasitology 68: 76-86.

Vincent, A.; Font, W. (2003). Host specificity and population structure of two exotic
helminths, Camallanus cotti (Nematoda) and Bothriocephalus acheilognathi
(Cestoda), parasitizing exotic fishes in Waianu Stream, O'ahu, Hawaii. Journal of
Parasitology 89: 540-544.

Vitousek, P.M.; D'Antonio, C. M.; Loope, L.L.; Rejmanek, M.; Westbrooks, R.
(1997). Introduced species: a significant component of human-caused global
change. New Zealand Journal of Ecology 21: 1-16.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 270



—NIWA_—

Australia

Voelker, F.; Anver, M.; McKee, A.; Casey, H.; Brenniman, G. (1977). Amebiasis in
goldfish. Veterinary Pathology 14: 247-255.

Vogelbein, W.K.; Overstreet, RM. (1988). Life history and pathology of a
heterophyid trematode infecting Florida-reared ornamental fishes. International
Association of Aquatic Animal Medicine Proceedings 19: 138.

Wade, M.J.; Johnston, N.A. (1994). Reproductive isolation between two species of
flour beetles, Tribolium castaneum and T. freemani: variation within and among
geographical populations of T. castaneum. Heredity 72: 155-162.

Wager, R.; Jackson, P.D. (1993). The action plan for Australian freshwater fishes.
Australian Conservation Agency Endangered Species Programme Project 147: 1-
122.

Wayne, R.K.; Lehman, N.; Allard, M.W.; Honeycutt, R.L. (1992). Mitochondrial
DNA variability of the gray wolf: genetic consequences of population decline and
habitat fragmentation. Conservation Biology 6(4): 559-569.

Warburton, K.; Madden, C. (2003). Behavioural response of two native Australian fish
species (Melanotaenia duboulayi and Pseudomugil signifer) to introduced
poeciliids (Gambusia holbrooki and Xiphophorus helleri) in controlled conditions.
Proceedings of the Linnean Society of New South Wales 124: 115-123.

Watanabe, K.; Hidaka, T. (1993). Feeding behaviour of the oriental loach Misgurnus
anguillicaudatus (Cobitidae). Journal of Ethology 1: 85-90.

Weatherley, A.H.; Lake, J.S. (1967). Introduced fish species in Australian waters. In:
Australian inland waters and their fauna: eleven studies. (Weatherley, A.H., ed.),
Halstead Press, Sydney, pp. 217-239.

Weigel, D.E.; Peterson, J.T.; Spruell, P. (2002). A model using phenotypic
characteristics to detect introgressive hybridisation in wild Westslope cutthroat
trout and rainbow trout. Transactions of the American Fisheries Society 131: 389-
403.

Webb, A.C. (1994). Ecological impacts of the mozambique mouthbrooder,
Oreochromis mossambicus, and other introduced cichlids in northern Queensland.
MSc Thesis, James Cook University, Townsville.

Welcomme, R.L. (1984). International transfers of inland fish species. Distribution,
biology and management of exotic fishes. Johns Hopkins University, Baltimore,
pp- 22-40.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 271



—NIWA_—

Australia

Welcomme, R.L. (1988). International introductions of inland aquatic species. Food &
Agriculture Organisation of the United Nations, Rome. FAO Fisheries Technical
Paper 294: 1-138.

Whitfield, P.J.; Anderson, R.M.; Bundy, D.A. (1986). Host-specific components of the
reproductive success of  Transversotrema patialense (Digenea:
Transversotrematidae). Parasitology 92: 683-698.

Whittington, R.J.; Gudkovs, N.; Carrigan, M.J.; Ashburner, L.D.; Thurstan, S.J.
(1987). Clinical, microbiological and epidemiological findings in recent outbreaks
of goldfish ulcer disease due to atypical Aeromonas salmonicida in south-eastern
Australia. Journal of Fish Diseases 10: 353-362.

Wilgen, B.W. (2001). The economic consequences of alien plant invasions: examples
of impacts and approaches to sustainable management in South Affica.
Environment, Development and Sustainability 3: 145-168.

Winckler, K.; Fidhiany, L. (1999). Temperature tolerance and metabolic depression of
a convict cichlid under the influence of enhanced ultraviolet-A (320-400 nm)
irradiation. Aquaculture International 7(1): 13-27.

Wisenden, B.D.; Sargent, R.C. (1997). Antipredator behaviour and suppressed
aggression by convict cichlids in response to injury-released chemical cues of co-
specifics but not to those of an allopatric heterospecific. Ethology 103(4): 283-291.

Wolf, J.C.; Smith, S.A. (1999). Comparative severity of experimentally induced
mycobacteriosis in striped bass Morone saxatilis and hybrid tilapia Oreochromis
spp. Diseases of Aquatic Organisms 38: 191-200.

Wolf, K. (1988). Fish viruses and fish viral diseases. Cornell University Press, Ithaca,
476 p.

Wootton, R. (1989). The parasitology of teleosts. In: Fish Pathology (Roberts, R.J.,
ed.), 2nd edition, Bailliere Tindall, London, pp. 242-289.

Yanong, R.; Francis-Floyd, R.; Curtis, E.; Klinger, R.; Cichra, M.; Berzins, 1. (2002).
Algal dermatitis in cichlids. Journal of the American Veterinary Medical
Association 220: 1353-1358.

Yanong, R.P.; Terrell, S.P. (2003). Iridoviral associated disease in oscars (Astronotus
ocellatus). Abstract, 34th Annual Conference, International Association for
Aquatic Animal Medicine, Hawaii, May, 2003.

Yokoyama, H.; Ogawa, K.; Wakabyashi, H. (1995). Myxobolus cultus n. sp.
(Myxosporea: Myxobolidae) in the goldfish Carassius auratus transformed from

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 272



—NIWA_—

Australia

the actinosporean stage in the oligochaete Branchiura sowerbyi. Journal of
Parasitology 81: 446-451.

An overview of the impacts of introduced ornamental fish species that have established wild populations in Australia 273



14.  Appendices

—NIWA_—

Australia

14.1 List of contacts who were sent the first questionnaire.

Organisation State Organisation Contact Name | Expertise
Type
Research ACT AFFA Mary Bomford exotic species
Research ACT Wildlife Research & Mark exotic fish introduction
Monitoring Lintermans
Research ACT Wildlife Research & Brendan Ebner | native fish (vulnerability to exotics)
Monitoring
Government ACT Biosecurity Australia Warren Vant Contact officer for the Policy Review On The
Importation Of Freshwater Ornamental Finfish: Risks
Associated With Iridoviruses
Research NSW Southern Cross Andy Moore fish genetics / exotic fish species rep
University / ASFB
Government NSW NSW Fisheries (name Michael NSW Contact Person regarding control of exotic Pest
change) Holloway Fish
Government NT Northern Territory Referred to in the NT aquarium fishery status report
Seafood Council 2003 is the peak body representing the licenses of the
Aquarium Fishery. The NTAA operates under the NT
Seafood Council (NTSC). Member are drawn from the
Aquarium Fishery and from the NTSC
Government NT + WA DPIF&M Andria Program Coordinator- Aquatic Pest Management
Marshall
Government NT DPIF&M Helen Cribb Research Officer
DPIF&M Alex Beatty Technical Officer
Research Qld Griffith University Angela Ecology of exatic fish risk assessment (Tilapia,
Arthington Poecillidae)
Research Qld Griffith University Mark Kennard exotic species and links with disturbance
Research Qld + NT JCU Damien fish sampling in FNQ and knowledge of study in the
Burrows Burdekin. Just started a major exotic pest sampling
program in the NT and is keen to help us out and hear
about our study.
Government Qld QDPIF Amanda QIld Contact Person regarding control of exotic Pest
Dimmock Fish
Research Qld JCU Alan Webb Exotic fish ecology (particularly Tilapia and Red Devils)
Catchment Qld Mary River Catchment Dale Watson knowledge on exotics in the Mary River
Management Committee
Groups
Catchment Qld Mary River Catchment Brad Wedock knowledge on exotics in the Mary River
Management Committee
Groups
Government Qld Queensland Institute of | Tim Hurst native species for mosquito control in SEQ
Medical Research (translocations for residential use)
Aquarium fish Qld ANGFA Bruce Hansen, | native aquarium fish hobbyist group
stakeholder Jeff Gunston
group
Government SA PIRSA John Gilliliand Marine Invasive Species (but covers freshwater)
Government SA PIRSA Helen Croft Compliance officer for introduced pests
Government Tasmania Inland Fisheries Service | Jean Jackson Control of fish pest species
Research Tasmania University of Tasmania Peter Davies fish biologist / salmonids / fish database for Tas
Research Tasmania University of Tasmania Scott Hardie just finished PhD
Research Tasmania University of Tasmania Rick Stuart- just finishing masters, plans to explore fish faunas in
Smith the Pacific
Research Vic Arthur Ryllah Tarmo Raadik exotic fish introduction
Research Vic Arthur Ryllah John Koehn exotic fish introduction
Research Vic Primary Industries Wayne Fulton fish biologist / risk assessment for salmonids
Research Victoria
Commercial Vic Lloyd Environmental Lance Lloyd Translocation Evaluation Panel member in Vic
Pty Ltd
Research WA Brad Pusey exotic species and links with exotics and disturbance
Research WA Murdoch Uni David Morgan Introduced species in WA
Research Fiji Marine Studies Patricia Kailola | exotic fish introduction

Program, The
University of the South
Pacific
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First questionnaire

We Need Your Help in understanding the
current distribution of ornamental fish that
have established populations in Australia’s
waterways.

NIWA Australia has been commissioned by the Department of
Environment & Heritage (DEH) to lead an overview of the risks associated
with established ornamental fish in Australia's waterways. This is a
nation-wide study that will examine the ecological and socio-economic
impacts associated with such species, the suitability of various control
and eradication options and, which knowledge gaps require priority
attention. For more details about this project, please contact Damian
McRae, DEH's project officer for this study (Email:
Damian.McRae@deh.gov.au; Ph: 02 6274 2524; Fax: 02 6274 1332). In
order to complete our study, we require your assistance in identifying
where introductions have occurred (including habitat information where
possible) and how far these species have spread so far. We would be
grateful if you could complete the following short questionnaire and
return it to Anthony Moore at the earliest possible convenience (before
30/11/05). Anthony's contact details are:

Anthony Moore

Graduate Research College
Southern Cross University
PO Box 157 Lismore

NSW 2480

Ph: 02 66 269 437

M: 04 2826 5720

Email: amoore@scu.edu.au

Thank you in advance for your assistance.

Dr Jamie Corfield
Environmental Scientist
NIWA Australia Pty Ltd
j.corfield@niwa.com.au
www.hiwa.com.au
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Your name State

Common name of fish Scientific name of fish Tick if you know of any wild
populations of these in your
State

Red devil Amphilophus labiatus

Midas cichlid Amphilophus citrinellus

Oscar Astronotus ocellatus

Convict cichlid Archocentrus nigrofasciatus

Black mangrove cichlid Tilapia mariae

Redbelly tilapia Tilapia zillii

Three-spot cichlid Cichlasoma trimaculatum

Victoria Burton's haplochromis Haplochromis burtoni

Jewel cichlid Hemichromis bimaculatus

Mozambique tilapia Oreochromis mossambicus

Blue acara Aeguidens pulcher

Jack Dempsey Cichlasoma octofasciatum

Labeotropheus/Pseudotropheus

Hybrid cichlid cross?

Three-spot gourami Trichogaster trichopterus

Oriental weatherloach Misqurnus anguillicaudatus

Goldfish Carassius auratus

White cloud mountain minnow Tanichthys albonubes

One-spot livebearer Phalloceros caudimaculatus

Sailfin molly Poecilia latipinna

Guppy Poecilia reticulata

Green swordtail Xiphophorus hellerii

Platy Xiphophorus maculatus

Rosy Barb Barbus (Puntius) conchonius

Please list the contact details of anyone else you think might know of wild populations of
these fish in your State.

Can we contact you again to get more detailed information (Y/N)?

If Yes, Anthony or myself will contact you by phone.
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14.3 Follow-up questionnaire

Phone/email follow up to Questionnaire

THE KEY INFORMATION WE NEED IS:
1. Locations (6PS, or map coordinates, or sufficient info for us to
get a map reference (e.g. large pond about 12 km north of
Geelong, on the Watt's farm.).

2. Information on habitat (type of water -lake, pond, wetland,
stream, billabong, river, maybe habitat type in running waters
(e.g. pool, run riffle etc.), max. water depth, location of fish
(edge/ middle), capture method/place, substrate composition
(silt, sand, rock etc) , presence of plants and other cover,
salinity if known, water clarity, other fish present etc.). This
could be a nearly endless list. Better to keep it reasonably
succinct and general to start with. Can always go back to source
later if some key question not asked. In many cases knowledge
of environment may be very general.

3. Evidence for the citing (who made observation, what was
observed/measured, who identified species, were juveniles
seen, when was observation made year and month if known).

4. Whether or not any attempts for control or eradication have
been made (method, frequency and location details).

5. Whether population or distribution monitoring is taking place (method,
frequency and location details).
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