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EXECUTIVE SUMMARY

The Ornamental Fish Management Implementation Group (OFMIG) was
created in 2007 to address a number of recommendations made by the
Department of Agriculture Fisheries and Forestry (DAFF) to minimise the
potential risks posed by the importation of live fish associated with the
ornamental fish industry. Subsequently, OFMIG developed the ‘grey list’,
which contains potentially noxious non-native ornamental fish species. The
Bureau of Rural Sciences (BRS) has subsequently developed a preliminary
assessment process that involves the compilation of biological and ecological
information and using these data to assess the overall risk that these ‘grey
listed’ species may pose to Australian ecosystems.

A total of 780 non-native fish species are currently contained in the grey list,
of which 447 have been assessed by BRS using the BRS review
methodology. For the present report a further 234 non-native fish species
contained in the grey list were assessed using the BRS methodology. As a
result of this review, 139 (59.4%) species were classified as ‘high risk’, 48
(21%) ‘low risk’ and 46 (19.7%) ‘borderline’.

To assess consistency between the BRS and SARDI reviewing process, the
results of the review for 15 randomly selected fish species were compared. It
was revealed that 7 out of the 15 species (46%) resulted in the same overall
score, with 11 out of the 15 fish species (73%) having been allocated a ‘high
risk’ level by both agencies. The remaining 4 species differed by 1 to 2 score
points, however these differences were confined to either ‘low’ or ‘borderline’
risk scores. The main factors driving such scoring inconsistencies are
assumed to be driven by reduced occurrence of ‘unknown’ matrix scores in
the SARDI matrix. This may be due to the additional use of peer-reviewed
literature during the review by SARDI.

The grey list review methodology appears to be a useful tool to rapidly assess
a large number of species and allocate risk levels. However, it is
recommended, that reviewed grey listed species, which have been allocated a
‘high risk’ or ‘borderline’ score, undergo a more rigorous and scientifically
based risk assessment. This will ensure a more comprehensive
understanding of these associated potential risks, and is important for the
management of ornamental fish species in Australia.

|<
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1 INTRODUCTION

Worldwide, the importation of live fish for the aquarium trade is considered as
a major source for the potential introduction of non-native invasive species
(DAFF 2006; McDowall 2004). The Australian aquarium industry is estimated
at $65Million (DAFF 2006). An estimated 12 to 14% of the Australian
population are aquarium hobbyist’'s (DAFF 2006; Patrick 1998). Approximately
1,500 retailers (aquariums and pet shops) across Australia trade in aquarium
fish, with around 1000 of these estimated to be located in NSW. According to
the Pet Industry Association of Australia (PIAA) approximately 60% of
aquarium fish are supplied domestically by local breeders; while 40% are
imported (DAFF 2006; ABARE 2004). In recent studies conducted by
Lintermans (2004), it was suggested that approximately 34 non-native
freshwater species have established populations in Australia; 22 of these
species are thought to have been through introduction via the aquarium trade
of ornamental fish (DAFF 2006).

Potential threats to Australian ecosystems from introduced non-native fish
species threats are varied. To minimise the bio-security risk from the
ornamental fish trade in Australia, a strategic approach to the management of
ornamental fish was outlined by DAFF (2006). Subsequently, the Ornamental
Fish Management Implementation Group (OFMIG) was established in 2007
and consists of members from all state and territory governments. It also
includes industry and hobbyist representatives. A key role of OFMIG is to
review the status of ‘grey list' species that require further scientific and
technical consideration through a risk assessment process (OFMIG 2008).
The grey list currently contains approximately 780 non-native ornamental fish

species that may pose a risk to Australian ecosystems.

The Bureau of Rural Science (BRS) under the Department of Agriculture,
Fisheries and Forestry (DAFF) developed a matrix to enable the
categorisation of ornamental fish species into as ‘high’, ‘borderline’ or ’low risk’
using a series of scores and ratings (Grey list species review process, 2008;

see also Appendix 1 for detail).

The aims of the current project were:
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1) to review up to 331 species of non-native fishes contained in the grey
list, using the BRS review methodology compiled by BRS; and

2) to compare the results of the review of 15 fish species from the grey list

between BRS and SARDI Aquatic Sciences review process.
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2 METHODS

The grey list species review method was developed in April 2008 (Appendix 1;
OFMIG/DAFF 2008). This review method is represented by a matrix which
contains a series of pivot tables with either a ‘yes’, ‘no’, or ‘unknown’ answer
options. Each answer is allocated a representative score to enable calculation
of a final total score or rating (Appendix 2). Based on the final score each

species can be categorised as:
1) ‘high risk’ (=13);
2) ‘low risk’ (£12); or

3) ‘borderline’ (between 12 and 13).

During the ‘SARDI’ grey list review, additional information was added to
benefit the outcomes of the process and this included the consultation of
additional sources of data such as the Institute for Scientific Information (ISI-
Web of Knowledge) and peer-reviewed scientific literature. When these
additional sources were consulted, they were then recorded in the matrix as a
separate column, and are expected to allow verification of confidence in

interpretation.

To assess consistency between the BRS and SARDI reviewing process, the
results of the review for 15 randomly selected fish species were compared.
This was done by utilising the 17 questions asked in the grey list species
review method (2008), with the inclusion of the above SARDI amendments.
(The inclusion of these amendments was only used in the 15 species
reviewed by SARDI and not BRS).




Fredberg & McNeil 2010 Grey List Review of Ornamental Fishes

3 RESULTS

3.1 Review of Grey Listed Species (SARDI)

A total of 234 grey listed non-native fish species were reviewed by SARDI
(Appendix 2 contains the review matrix), using the SARDI review method. Of
the 234 species; 139 (59.4%) were allocated ‘high risk’, 48 (21%) ‘low risk’
and 46 (19.7%) ’'borderline’ ratings. Details of the sub-scores and resulting
final scores are presented in Appendix 2.

3.2 BRS and SARDI Grey List Review Comparison

The comparison between the BRS and SARDI review of 15 grey listed
species revealed that 7 species (46%) reviewed by both agencies had the
same overall risk score (Table 1). Eleven fish species (73%) were allocated a
‘high risk’ rating by both, BRS and SARDI, with estimates differing 1-2 points
for the same species. As for the remaining species, Leiarius pictus was given
an overall score of 10 by BRS and 8 by SARDI (both ‘low risk’), Leiarius
arekaima and Eleotris amblyopsis were given an overall score of 13 by BRS
(‘borderline’) and 11 by SARDI (‘low risk’), whilst, Lucania goodie was deemed
‘high risk’ by BRS (14), and ‘borderline’ (13) by SARDI (Table 1).

Unknowns (precautionary principles/expressed as a decimal point nhumber
e.g. 4.1 or 2.1) are used within the review matrix when no or limited
information/ sources is available for the particular question. BRS had
considerably more overall unknowns (38) when compared to that of the
SARDI review process, which had only 23 (Table 1). However, for species
such as Lepisosteus osseus, Helicophagus waandersii, Helicophagus
leptorhynchus and Dormitator lebretonis equal amounts of unknowns were
found by both agencies presumably due to information regarding the species’

biological and ecological traits being generally limited.
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Table 1. A comparison of the total threshold risk and number of unknowns
(precautionary principles) used within the risk analysis score for 15 grey listed fish

species, reviewed by both BRS and SARDI Aquatic Sciences.

‘High risk’ (score >

13), ‘Low risk’ (score < 12), ‘Borderline’ (score 12-13) (Grey list Review Method,

2008).

Species Total Risk Scores  No. of Unknowns
BRS SARDI BRS SARDI
Tinca tinca 20 21 2 1
Rutilus rutilus 20 20 1 0
Lepisosteus osseus 16 16 1 1
Lepisosteus oculatus 17 17 2 1
Helicophagus waandersii 15 15 3 3
Helicophagus leptorhynchus 15 15 3 3
Leiarius pictus 10 8 3 2
Leiarius arekaima 13 11 4 3
Lucania goodie 14 13 1 0
Lucania parva 17 17 3 1
Osteoglossum ferreirai 16 18 5 2
Scleropages formosus 16 14 3 2
Eleotris amblyopsis 13 11 2 1
Eleotris sandwicensis 14 14 3 2
Dormitator lebretonis 17 16 2 2




Fredberg & McNeil 2010 Grey List Review of Ornamental Fishes

4 DISCUSSION

4.1 Review of Grey Listed Species (SARDI)

The results from the review of the grey listed fish species (Appendix 2)
revealed that 59.4% were found to be of ‘high risk’. Much of this result may be
attributed to the climate match score contained in the review matrix (1-8)
(BRS, 2008). Whereby, if a species is given a high climate match score
(‘climatch’ score between 5 and 8), the total score will be placed within the
‘high risk’ category, regardless of its biological and ecological traits (e.g.
herbivore, sensitive to water quality), and this may contribute an amount of

bias to the dataset.

Another factor elevating risk scores disproportionately is the presence of
unknown’s or the ‘precautionary principle’ used in the risk categories where
information is limited. Using the ‘precautionary principle’ score, which is either
2.1 or 4.1 (the latter only for climate match), results in a ‘high’ total score for
each category to which it is applied. The precautionary principle is applied in
cases where information is lacking with the intent to minimise the ‘unknown’

risk associated with the respective species.

During the review process it became apparent that risk may be applied at
family or genus level rather than species level only. For example, members of
the Anabantidae family possess an accessory respiratory organ, which
enables the fish to obtain atmospheric oxygen. This adaptation enables this
family group to live in waters which are oxygen-poor or sustain life outside of
the water for extended periods of time (Sterba 1973). Hence, it could be
assumed that all members of this family group are extremely robust and
hardy, even if there is limited information on a specific species. This in turn

reduces the use of utilising precautionary principles.

4.2 BRS and SARDI Grey List Review Comparison

The comparison of the results from the SARDI and BRS reviews using 15
randomly selected species revealed some differences in the total scoring. This

was largely due to the increased use of ‘unknown’ classifications in the BRS
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analysis, with inconsistencies largely related to the ‘impacts’ column in the

matrix (see Appendix 1).

Differences in total scoring results between the reviews by SARDI and BRS
are largely related to differences in the sources of information used during the
review. The use of scientific databases and peer-reviewed literature to obtain
biological and ecological information during the review of species rather than
non-research or non-peer reviewed articles and summaries is expected to

increase the robustness and accuracy of the total score of the grey list review.

Due to the use of peer-reviewed literature for this component of the review
process (SARDI), it can safely be said that using this method has improved
the rigor and integrity of the entire risk assessment. This will be highlighted in
the future progress of this assessment, whereby less fish will have to undergo
a further, more rigorous risk assessment of high risk species, which has been
previously suggested by The Ornamental Fish Policy Working Group

(OFPWG), due to less unknown’s, therefore lower overall risk scores.

4.3 Conclusion/Recommendations

The assessment of grey listed ornamental fish species for Australia, derived
from the BRS methodology, is a suitable tool to allocate risk levels to non-
native ornamental fishes for subsequent prioritisation to more robustly assess
the potential risk associated with the respective species. As such, it is
recommended that a more rigorous and thorough risk assessment be applied
to the ‘borderline’/’high risk’ species resulting from the grey list review, in order
to obtain a more comprehensive result for all stakeholders involved. This
process will provide much needed information on which to base decisions as

regards to the management of ornamental fish species in Australia.
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6 APPENDICES

6.1 APPENDIX 1 - Grey list species review method

This document outlines the grey list review method as developed following OFMIG’s
meeting in April 2008 and through consultation with the Australian Centre for
Excellence in Risk Assessment (ACERA).

Review Process

The review matrix and how it would be applied was discussed and accepted in
principle at the 3rd OFMIG meeting in April 2008, as a screening method to apply to
the grey list and as an alternative to more costly risk assessment of individual
species.

Representatives of DEWHA, BRS and ACERA have worked together to develop the
approach and matrix for collating information to allow a transparent review of species
on the grey list. The approach could be used for species that may require review in
the future. The review matrix has been refined to include an appropriate threshold
score to determine potentially high and low risk species and to address further
comments provided by OFMIG members (WA and PIAA) and as a result of
suggestions from an expert workshop to review grey listed species held 16 October
2008.

The review matrix uses climate matching (as used in the Bomford risk assessment
models (Bomford 2006)), the assessment criteria considered in the original noxious
list assessment, and other criteria. A criterion for hardiness was added following
suggestions at the expert workshop in October 2008. The criteria are grouped
according to the key policy areas relevant to government consideration of the
potential pest and invasiveness of a species: biodiversity; impacts; and trade. The
definitions section below provides explanations of the terms for categories used in
the matrix. BRS has populated the matrix with information for grey list species with
the exception of several genera which were considered by an expert group based on
‘example’ species. The expert workshop involved nominated experts and members of
the aquarium industry.

The outputs of each tranche are reported to OFMIG for consideration and review at
its regular meetings. OFMIG then reports these outcomes to MACC, who develops
recommendations for additions to the noxious list. These are provided to the NRMSC
who consider and endorse any additions to the national noxious list.

Species classified as low risk through this process could be considered for further
assessment as species suitable for live import into Australia under Federal legislation
and processes e.g. if the Industry chose to make an application to amend the live
import list for individual species. A requirement of this legislated process is for a
comprehensive environmental assessment of the proposed amendment on the
Australian environment. The Bomford risk assessment model for freshwater fish
would be applied in this process to contribute to the environmental assessment and
information for the decision. The work done in reviewing the grey list under the
OFMIG process could be used as an initial source of information if a live import list
amendment application was made.
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The review matrix and method as outlined provide a repeatable process for reviewing
further species that may be added to the grey list for the purpose of recommending
whether they be considered potentially noxious in Australia. To ensure consistent
and repeatable results, future users outside this process will need to be mindful to
apply the review matrix in an appropriate context using relevant and reliable
information sources.

Review matrix categories
- Climate match
- Biodiversity
o Established in Australia
Eradication effort
Established beyond natural range
CITES listing
Hardiness
o Resilience
- Impact
o Current noxious status in Australia
Impact on habitat
Impact on other species
Genetic risk to native species
Genetic risk of non-native hybridisation
Known carrier of high risk disease
o Direct threat to humans
- Trade
o Restricted trade elsewhere
o Multiple use species
o Captive status in industry

o O O O

o O O O O

Review matrix definitions

Climate Match and impacts

A two staged approach was utilised to assess the outputs of the risk matrix. If a
species received a moderate to high climate match using the software package
‘Climatch’ (four or above) and was assigned the highest score (score of two or 2.1)
for any of the ‘impact’ categories apart from ‘current noxious status in Australia’ or
‘genetic risk of non-native hybridisation’, then it was automatically deemed high risk.
If it did not meet both of these criteria, the scores for each category were summed to
give a relative risk score (see Application of the Threshold Score below). The relative
risk score was calibrated against exotic species known to be present and established
in Australia to determine a threshold score.

The threshold score of 12 as the threshold for potentially high risk species has been
determined by calibrating the matrix with a number of fish species know to have
established in Australia and have been shown to have clear impacts on other species
or habitats. These species include European carp and Gambusia. A similar system
has been used widely in New Zealand and Great Britain. The ranking criteria have

10
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been applied to differentiate between those species that are high risk (o be
considered for addition to the noxious list) and those that are lower risk.

As a result of difficulties in securing sufficient resources to undertake individual risk
assessment OFMIG agreed to the involvement of a small group of experts to
consider borderline species, or species evaluated as having insufficient information.
Borderline species are those species that have scores of 11 or 12. Species evaluated
as not having sufficient information have a lack of information on 3 or more criteria.

Application of the Threshold Score

The review matrix has been used to identify grey listed species that are high risk
(relative risk score >13), and species that are low risk (relative risk score <12). Any
species considered borderline (relative risk score 12 or 13) were deemed to warrant
expert technical input at the review workshop, as were species where information is
limited (more than 3 criteria do not have sufficient supporting literature).

Precautionary Principle

Many animal species (including fish) when assessed in terms of their potential impact
on the environment or invasiveness may have limited scientific or other information to
support views on their potential impacts or noxious status. It is accepted practice in
Australia to apply a precautionary approach (e.g. the precautionary principle is taken
into account in statutory decision making in some jurisdictions) when there is little or
no scientifically based evidence or information, and where other information available
is not science based. In circumstances where there was either conflicting information
from reliable sources or no information available, the precautionary principle was
used. To identify where the precautionary principle was used, 0.1 was added to the
score for that category; for instance, instead of a score of 2 for ‘impact on other
species’ it would be assigned 2.1. This does not impact on the final threshold score
but allows easy identification of where the precautionary principle was used, and how
many times it was used for any species or category.

BIODIVERSITY

The following criteria relate to the distribution and abundance of a species. A species
is more likely to establish itself in Australia if introduced if it is: widely distributed; can
tolerate a wide range of climatic conditions; lives in a region with closely matching
climatic conditions to Australia; or previously has established itself outside its natural
range, either in Australia or elsewhere.

Climate match

The climate score is derived from the risk assessment climate matching model
Climatch; the revised model used for previous risk assessments (e.g. Bomford,
2006).

Risk assessment models have been developed by BRS to assess the risk of exotic
vertebrates establishing in Australia. An integral part of these models is climate
matching between each species’ natural geographic distribution and similar
environments in Australia.

Species which have a high Climatch score show attributes which are likely to make
them successful colonisers in Australia. Conversely species with a low climate score
will have a lower probability of establishment. The climate match score ranges from
1-8 with the following scoring system:

11
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Table 1. Climate match scoring system.

Climate match score PC Climatch
score

1 0

1-40
41-150
151-400
401-1000
1001-1500
1501-2500
>2500

o N o o~ w DN

NB: where no geographical information is available, the species is assigned a precautionary
score of 4.1 for the Climate Match category.

The Climate Match score is the single highest possible score in the review matrix,
reflecting its importance as the key criteria in determining if a species is likely to
establish itself in Australia if introduced. The ‘World stations’ database was generally
used in Climatch for climate matching, however due to the paucity of data, it was
sometimes necessary to use the ‘Worldclim’ dataset as this infers the likely climate in
an area where there are no weather stations from which to take data. For some
species there was no data available on distribution and in these cases a
precautionary score of 4.1 was assigned based on the initial subsample of 132
species. It was agreed that these species were the most appropriate to use as a
subsample as they represented species from over 80% of genera and 95% of
families on the grey list and were therefore the most representative sample taken.

Established in Australia

Indicates if the species has previously established populations or currently has
populations in Australia. This criterion is given a ranking score from 0-2, with the
following scoring system:

e 0= Not established in Australia
e 1= Recorded occurrence in Australia
e 2= Reproducing population or widespread in Australia

Eradication effort

Indicates if there is, has been, or will be an eradication effort of any scale in Australia
for the species. Accurate data for this category is difficult to obtain. For this reason
this category is used for information purposes only and does not contribute to the
overall score. This category has the following rating system:

e Ongoing- An eradication program is currently in place and eradication
efforts are ongoing

e Eradicated- An eradication program has been implemented previously
and the species has been successfully eradicated from Australia.

12
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e Not at this time - An eradication program within Australia has yet to be
implemented for this species.

¢ Not required - The species has not established in Australia and so an
eradication effort is not currently contemplated or required for this
species.

Established internationally

Indicates if the species has established populations outside their natural range in any
other country. This information is taken primarily from FishBase
(http://www.fishbase.org/search.php) and other web based fish sites (see website list
section). This criterion is given a ranking score from 0-2, with the following scoring
system:

¢ 0= No established populations outside their natural range

e 1= Limited distribution outside its natural range, typically in the same
continental region

o 2= Widespread distribution outside its natural range

e 2.1= No information available (2.1 precautionary principle)

CITES listing

Indicates if the species is listed under the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES). This criteria is of limited
value in determining whether a species is likely to establish itself if introduced to
Australia and so is used here for information purposes only and does not contribute
to the overall relative risk score. It follows a simple yes/no scoring system. Listing
information is gathered from CITES (http://www.cites.org/).

Hardiness

Hardiness is used as an indicator of the species’ ability to tolerate, or survive, or
adapt to a wide range of temperatures, pH, salt or freshwater aquatic environments,
or the ability to survive out of water for periods of time. Information for this criterion
was gathered from FishBase (http://www.fishbase.org/search.php), various
ichthyological and aquarium sites (see website list section) and through an expert
technical panel.

e 0=low

e 1=medium

e 2= high

e 2.1 =No information available (2.1 precautionary principle)
Resilience

Indicates rate of population doubling as an indicator of the rate of population growth.
This is likely to be a good indicator of rate of population expansion once established.
This attribute is also likely to provide an indication of the difficulty of eradication once
established. FishBase (http://www.fishbase.org/search.php) lists a category on
resilience for most species and provides information on population doubling.
Information was also provided by an expert technical panel. This criterion is given a
ranking score from 0-2, with the following scoring system:

13



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

Fredberg & McNeil 2010 Grey List Review of Ornamental Fishes

e 0= Slow population growth

¢ 1= Moderate population growth

o 2= Fast population growth

e 2.1= Unknown rate of population growth (precautionary principle)

IMPACTS

The following criteria relate to the environmental impact a species is likely to have if it
successfully establishes in Australia. Possible impacts include habitat modification or
disturbance, negative interaction with native species, particularly predation or
aggression, the genetic risk to the gene pool of native species through hybridisation,
the genetic risk of hybridisation with established noxious species and adopting some
or all of the pest characteristics of that species or increasing hybrid vigor (heterosis)
to bottlenecked populations, or the potential introduction of high risk diseases.

Current noxious status in Australia

Indicates if the species has noxious status in any Australian states or territories.
Currently no distinction is made between being listed as noxious in a single state or
territory and being listed as noxious in multiple states or territories.

e 0=Not listed in any jurisdiction
e 1=Yes listed in at least one jurisdiction

Potential Impact on habitat

Indicates if the species has potential to significantly modify or disturb habitats in
which it establishes. Information on this criteria has been gathered from FishBase
(http://www.fishbase.org/search.php), various ichthyological and aquarium internet
sites (see website list section) and through an expert technical panel. This criterion is
given a ranking score from 0-2, with the following scoring system:

e 0= No impact on habitat

e 1= Low impact on habitat

e 2= Medium or high impact on habitat

e 2.1= Unknown impact on habitat (precautionary principle)

Potential Impact on other species

Indicates if the species has characteristics or behaviour which could significantly
impact other species in environments if it establishes. Strong negative impacts
include predation and aggression which are likely to affect the distribution and
abundance of other species in these areas. Information on this criteria has been
gathered from FishBase (http://www.fishbase.org/search.php), various ichthyological
and aquarium internet sites (see website list section) and through an expert technical
panel. This criterion is given a ranking score from 0-2, with the following scoring
system:

¢ 0= No impact on other species

e 1= Low impact on other species

e 2= Medium or high impact on other species

e 2.1= Unknown impact on other species (precautionary principle)
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Genetic risk to native species

Indicates if the species poses a significant genetic risk to native fish species through
hybridization and introgression. Hybridization with native species will alter and dilute
the gene pool of native species and in extreme cases may lead to the genetic
extinction of the native species, particularly in cases where the introduced species is
abundant and the native species is rare. Introgression is the introduction, through
hybridisation, of non-native genetic information into the native gene pool, which may
alter the fitness of native species. This criterion is given a ranking score from 0-2,
with the following scoring system:

e 0= Low or no risk of hybridisation. Introduced species shares no or only
distant phylogenetic relationship with native species

e 1= Medium risk of hybridisation. Introduced species belongs to the
same phylogenetic family as native species

e 2= High risk of hybridisation. Introduced species belongs to the same
phylogenetic genus as native species

e 2.1= Unknown risk of hybridisation. Introduced species has an
unresolved phylogeny but may have close ancestral relationship with
native species (precautionary principle)

Genetic risk from hybridisation with established noxious species
Indicates if the species poses a significant genetic risk through hybridization with
established noxious species and adopting some or all of the characteristics of the
noxious species or through hybrid vigor (heterosis) to bottlenecked populations.
Established noxious species are defined as those listed on the national noxious fish
list. This criteria is given a ranking score from 0-2, with the following scoring system:

e 0= Low or no risk of hybridisation. Introduced species shares no or only
distant phylogenetic relationship with established noxious species

e 1= Medium risk of hybridisation. Introduced species belongs to the
same phylogenetic Family as established noxious species

e 2= High risk of hybridisation. Introduced species belongs to the same
phylogenetic Genus as established noxious species

e 2.1= Unknown risk of hybridisation. Introduced species has an
unresolved phylogeny but may have close ancestral relationship with
established noxious species (precautionary principle)

Known carrier of high risk disease

Indicates if the species is a known carrier of high risk disease that could pose a
significant risk to native fish species. High risk disease is defined here as those listed
on Australia’s National List of Reportable Diseases of Aquatic Animals (2007) and
included in the Import Risk Analysis on live Ornamental Finfish (1999). Information
on this criterion has been gathered from FishBase
(http://www.fishbase.org/search.php), various ichthyological and aquarium internet
sites (see website list section) and through an expert technical panel. This criterion is
given a ranking score with the following scoring system:

¢ 0= Not know to carry high risk disease
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e 1= May carry high risk disease
e 2= |s known to carry high risk disease
e 2.1= Unknown disease risk (precautionary principle)

TRADE

The following criteria relate to how international trade in a species might influence
escape and establishment of that species, or its potential impact if it escapes. If trade
in a species has been restricted elsewhere, it suggests that this species has been
recognised by that country as a potential threat, for one reason or another, and so
may pose a similar threat if introduced to Australia. If a species has multiple uses
across sectors this relates to how widely spread the species is likely to become if it is
introduced to Australia and thus how many different pathways exist to escape into
the wild.

The more widespread a species is spread across activities or industries, the greater
and more varied the risk of the species escaping captivity and establishing in the
wild. However some pathways to escape pose a greater risk than others. For
example those species commonly kept in ponds and dams are far more likely to
escape than those restricted to strict research facilities. Thus the extent and type of
industry use will also be a determining factor of the likelihood of escape. Together
these two factors can be considered as the breadth and depth of risk of escape into
the wild due to industry trade.

Restricted trade elsewhere

Indicates if the importation or movement of the species has been limited to or within
other countries. If trade in a species has been restricted elsewhere, it suggests that
this species has been recognised by that country as a potential threat, for one reason
or another, and so may pose a similar threat if introduced to Australia. This
information is difficult to ascertain and is likely available only for a handful of
countries. For this reason this category is currently used for information purposes
only and does not contribute to the overall relative risk score. However, this category
could help inform the decision process where the review ranking is borderline. This
category has a simple rating system of yes trade in this species is restricted
elsewhere, no trade in this species is not restricted elsewhere, or trade in this
species is unknown.

Multiple use species

Indicates the use and benefits of the species across various sectors, including
recreational fishing, aquaculture, the aquarium industry, or religious/ethnic activities.
If a species has multiple uses across sectors this relates to how widely spread the
species is likely to become if it is introduced to Australia and thus how many different
pathways exist to escape into the wild. The more widespread a species is spread
across industries, the greater and more varied the risk of the species escaping
captivity and establishing in the wild. Information on this criterion has been gathered
from FishBase (http://www.fishbase.org/search.php), various ichthyological and
aquarium internet sites (see website list section) and through an expert technical
panel. This criterion can be considered as the breadth of risk due to industry use.
This criterion is given a ranking score of 1 or 2, with the following scoring system:

e 1= Used in < one industry
e 2= Used in > one industry

16



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

Fredberg & McNeil 2010 Grey List Review of Ornamental Fishes

e 2.1= Breadth of use of this species is unknown (precautionary
principle)

The score cannot equal zero because that would imply no use for this species and
therefore no reason to bring it into the country.

Captive status in industry

Indicates how widely the species is kept within an industry and under what
conditions. Some pathways to escape pose a greater risk than others. For example
those species commonly kept in ponds and dams are far more likely to escape than
those restricted to strict research facilities. Thus the extent and type of industry use
will also be a determining factor of the likelihood of escape. Information on this
criterion has been gathered from FishBase (http://www.fishbase.org/search.php),
various ichthyological, aquarium internet sites (see website list section) and through
an expert technical panel. This criterion can be considered as the depth of risk due to
industry use. This criterion is given a ranking score from 0-2, with the following
scoring system:

0= Use is restricted to a limited purpose or highly contained

1= Use is not restricted or contained but the species is not widely kept
2= Use is not restricted or contained and the species is widely kept
2.1= Depth of use of this species is unknown (precautionary principle)

Useful websites consulted for this review

http://animal-world.com/encyclo/fresh/fresh.htm
http://aquatic-hobbyist.com
http://aquaticpredators.com
http://aquaworld.netfirms.com
http://fisc.er.usgs.gov/afs/
http://fish.mongabay.com
http://fpcs.fish.qovt.nz/
www.amonline.net.au/fishes/index.cfm
www.aquariacentral.com
www.aquarticles.com
www.aquaticcommunity.com
www.arcbc.org.ph/arcbcweb/pdf/vol2no4/12-
15 sr _invasive aquatic_animals.pdf
www.cites.org/

www.defra.gov.uk

www.fishbase.org
www.fishprofiles.com
www.geocities.com
www.liveaquaria.com

www.nanfa.org
www.planetcatfish.com
www.pond-life.me.uk
www.scotcat.com
www.seriouslyfish.com
www.theaquariumwiki.com
www.thetropicaltank.co.uk
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www.tropicalfishfinder.co.uk
www.wcs.org/globalconservation/Africa/madagascar/freshwaterfishconservati
on

www.wetwebmedia.com
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6.3 References from Table 3

1. http://www.cites.org/eng/com/ac/16/16-7-2a1.pdf
http://www.pond-life.me.uk/sturgeon/acipenserbaerii.php

2. http://www.iucnredlist.org/apps/redlist/details/245/0

3. http://www.fishbase.org/summary/Speciessummary.php?id=495
http://fish.mongabay.com/data/Australia.htm
http://www.gm.qld.gov.au/organisation/e_prints/mgm_52_2/52_ 2 Hitch
cock.pdf

4. http://fish.mongabay.com/species/Ctenopoma_ansorgii.html;
Dr. Axelrod's Atlas of FW Aquarium Fishes 5th ed.

5. http://www.fishbase.org/Summary/SpeciesSummary.php?ID=10032
6. http://www.fishbase.org/summary/speciessummary.php?id=10033
Dr. Gunther Sterba (1973); Freshwater fishes of the world vol.2 (used

in all Anabantidae family)

7. http:/ffishbase.org.cn/summary/speciessummary.php?id=10039 (very
little info on this species)

8. http://ffishbase.sinica.edu.tw/Summary/SpeciesSummary.php?id=63214
9. http://www.ccfishery.net/name/fish_c/20070512/fish_10129.html.
10. http://data.gbif.org/species/135365557?

11. http://fishbase.sinica.edu.tw/Summary/SpeciesSummary.php?genusna
me=Ctenopomad&speciesname=maculatum

12. http://www.tropicalfishfinder.co.uk/article_detail.asp?id=43
http://aquaworld.netfirms.com/Labyrinthfish/Ctenopoma/Ctenopoma_na
num.htm
http://www.fishvictoria.com/noxious-fish

13.STEVEN M.NORRIS AND GUYG. TEUGELS (1990)
http://www.fishbase.org/summary/SpeciesSummary.php?id=12801

14. http://www.buschfische.de/Ctenopoma%20pellegrini.htm
http://www.fishbase.ph/Summary/SpeciesSummary

15.Fomena, A.; Lekeufack Folefack, G.B.; Tang, C., Il Source: Journal of

Biological Sciences Volume:7  Issue:7 Pages:1171-1178
http://fishbase.mnhn.fr/'Summary/SpeciesSummary.php?id=10050
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16. http://fishbase.mnhn.fr/'summary/SpeciesSummary.php?genusname=C
tenopomad&speciesname=riggenbachi

17. http://fishbase.org.cn/summary/SpeciesSummary.php?genusname=Ct
enopomad&speciesname=togoensis

18. http://www.fishbase.org/summary/SpeciesSummary.php?id=10036
http://www.iucnredlist.org/apps/redlist/details/60832/0

19. http://fishbase.sinica.edu.tw/Summary/SpeciesSummary.php?id=10040
20. http://www fishbase.us/summary/SpeciesSummary.php?id=52066

21. http://fishbase.mnhn.fr/'summary/SpeciesSummary.php?genusname=M
icroctenopomad&speciesname=ocellifer

22. http://www fishbase.org/Summary/speciesSummary.php?ID=10048
23. http://www.fishbase.org/Summary/SpeciesSummary.php?id=52042

24.Dr. Gunther Sterba (1973); Freshwater fishes of the world vol.1 (used
in all characidae family)
http://www.fishbase.org/Summary/SpeciesSummary.php?id=52923

25. http://www fishwise.co.za/Default.aspx?TablD=110&SpecieConfigld=1
93902&GenusSpecies=Astyanax_abramis
http://www.fishbase.org/Summary/SpeciesSummary.php?ID=12911

26. http://www.scielo.br/pdf/gmb/v27n3/a09v27n3.pdf
http://www.ncbi.nlm.nih.gov/pubmed/14595452
http://www.fishbase.gr/'Summary/SpeciesSummary.php?id=58108

27. http://www fishbase.org/summary/speciessummary.php?id=51295
28. http://www.fishbase.org/Summary/SpeciesSummary.php?id=51820

29. http://www fishbase.org/summary/SpeciesSummary.php?ID=62942&ge
nusname=Astyanax&speciesname=aramburui

30. http://www.fishbase.org/Summary/SpeciesSummary.php?1D=58110.
Garutti, V (1999). "Description of a new species of the genus Astyanax
Baird and Girard from Araguaia River basin, Brazil". Revista Brasileira
de biologia (0034-7108), 59 (4), p. 585.

31.Borba, C (2008). "Diet of Astyanax asuncionensis (Characiformes,
Characidae), in streams of the Cuiaba river basin, Mato Grosso State."
Acta Scientiarum-Biological-Sciences (1679-9283),30(1), p.39.
http://www.fishbase.org/summary/SpeciesSummary.php?ID=58128&ge
nusname=Astyanax&speciesname=asuncionensis

32. http://ffishbase.sinica.edu.tw/Summary/SpeciesSummary.php?id=53389

30




Fredberg & McNeil 2010 Grey List Review of Ornamental Fishes

33. http://www.fishbase.org/summary/SpeciesSummary.php?id=62340.
Castro, R (2004). "Astyanax biotae, a new species of stream fish from
the Rio Paranapanema basin, upper Rio Parana system, southeastern
Brazil (Ostariophysi : Characiformes : Characidae)". Proceedings of the
Biological Society of Washington (0006-324X), 117 (3), p. 330.

34. http://ffishbase.sinica.edu.tw/Summary/SpeciesSummary.php?id=63313
New Species of Astyanax (Ostariophysi: Characiformes: Characidae)
fromthe Upper Rio Parana” System, Brazil; RICHARD P. VARI AND
RICARDO M. C. CASTRO (2007)

35. http://ffishbase.org.cn/summary/SpeciesSummary.php?id=58733
36. http://ffishbase.sinica.edu.tw/Summary/SpeciesSummary.php?id=58125

37.Check list of the freshwater fishes of South and Central America By
Roberto E. Reis, Sven O. Kullander,CarlJ. Ferraris.
http://lwww.fishbase.us/summary/SpeciesSummary.php?id=58117

38.Biogeographical revision of Argentina (Andean and Neotropical
Regions): an analysis using freshwater fishes Author(s): Lopez, HL;
Menni, RC; Donato, M, et al.Source: JOURNAL OF BIOGEOGRAPHY
Volume: 35 Issue: 9 Pages: 1564-157.Published:2008
http://fishbase.sinica.edu.tw/Summary/SpeciesSummary.php?id=51053
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