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Preface

This report is an advisory document that has been commissioned by the
National Land and Water Resources Audit (NLWRA) and prepared by the
Invasive Animals Cooperative Research Centre.

The report, Review of Alien Fish Monitoring Techniques, Indicators and
Protocols: Implications for National Monitoring of Australia’s Inland River
Systems, is not intended to be an exhaustive review. It brings together
fundamental information regarding alien fish to inform the National Vertebrate
Pests Committee and the NLWRA regarding alien fish for monitoring and
reporting under the National Natural Resource Management Monitoring and
Evaluation Framework.

The document presents a summary of:

J alien fish species in Australia that have triple bottom line
(environmental, economic or social) impacts

. techniques available for measuring and monitoring pest fish
distribution, abundance, and impacts

o current research and management programs that measure and
report fish information

o recommendations regarding fish monitoring and reporting under
the National Monitoring and Evaluation Framework.

This report also identifies knowledge gaps in the monitoring of alien fish
and their impacts.
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Executive summary

In Australia, the number and abundance of pest fish species in freshwater
rivers and wetlands has risen significantly in recent years (Koster et al 2002a,
Koehn and Mackenzie 2004). New pest fish species are increasingly being
detected by management authorities (Koehn and Mackenzie 2004). Presently,
there is estimated to be up to 34 established pest fish species on mainland
Australia. However, there are a large number of species currently in captivity
that could have significant negative triple-bottom-line consequences in the
wild.

Pest fish cause a wide range of adverse impacts to environmental, economic
and social values/assets in Australia. The main environmental impacts of
alien fish include ecosystem damage and reduced biodiversity; social impacts
include aesthetic damage (Bomford and Glover 2004). Economic impacts
include reduced fisheries, aquaculture and agricultural productivity; and trade
and control-cost effects (Bomford and Glover 2004). However, most impacts
remain largely unquantified (Koehn and Mackenzie 2004).

A number of significant impediments to the national management of pest fish in

Australia have beenidentified, including significant gaps in research knowledge.

There is a clear need for consistency in legislation and policy between state and

territory jurisdictions regarding noxious species lists, and strategic planning 7
to manage current and emerging pest fish species. A nationally coordinated,

on-the-ground approach is required to manage pest fish across jurisdictions

(Koehn and Mackenzie 2004). Several authorities have also recommended

the development of a National Alien Fish Management Strategy that would

overcome many problems currently faced by jurisdictions.

There are currently no Australian standards or a consistent approach
specifically designed for measuring and monitoring the distribution and
abundance of pest freshwater fish species. However, there are a diverse range
of techniques and tools to detect and measure alien fish populations, including
electrofishing, passive trapping and netting techniques. There are presently
two recommended monitoring protocols (that recommend these techniques
for sampling alien fish) that may potentially be suitable for national monitoring
programs and reporting activities. They are: ‘Recommended Methods for
Monitoring Floodplains and Wetlands’ and ‘Fish Assessment Protocols’ — both
developed through the Murray-Darling Basin Commission.

Similarly, there are also no consistent standards and techniques specifically
suited to measuring and monitoring the impacts of pest fish species. This is
primarily because the impacts of pest fish (like most vertebrate pests) are
highly varied and are largely dependent on site-specific circumstances. The
main techniques available for measuring and monitoring alien fish impacts are
intensive mesocosm or laboratory experiments and before-and-after-control
trials. These techniques are primarily suited for local or regional application.

There is a genuine need for the development of standardised techniques for
assessing and monitoring the impacts of alien fish species at regional, state/
territory and national levels.
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This report presents a brief overview of current information regarding
alien fish species: their distribution and abundance, and impacts; sampling
techniques and monitoring protocols; indicators; control; and monitoring and
research activities throughout Australia. It highlights a number of specific
recommendations that have been identified by many scientific authorities
regarding the management of pest fish in Australia. We also present a
number of key issues and recommendations that have emerged during the
scope of this review that are directly relevant to monitoring and reporting
and the National Natural Resources Management Monitoring and Evaluation
Framework. These include requirements for:

o resolving inconsistencies in jurisdictional species listings

o obtaining further advice from relevant specialists, including
the Vertebrate Pest Committee Pest Fish Working Group, Alien
Species Committee of the Australian Society for Fish Biology,
management authorities and advisory groups to identify national
priorities for monitoring

o agreeing on a national priority list of alien/pest fish species for
monitoring

o agreeing on standardised techniques and protocols for monitoring
pest fish populations

o undertaking broadscale distribution and abundance surveys and
data collation to form a baseline from which the effectiveness of
management can be assessed

. undertaking broadscale surveillance monitoring for new
incursions of alien fish

o developing, reaching agreement on and adopting tools and
suitable techniques for assessing and monitoring species impacts
- and developing accompanying protocols

o compiling detailed information on the impacts of pest fish from
existing programs to present a more informed assessment of
national level problems

o developing a national database of alien fish species information

o making data management and infrastructure arrangements with
relevant stakeholders/ jurisdictions

o developing a rapid response plan for new pest fish incursions in
Australia.

We also present recommendations for a national assessment of alien fish
species in Australia.
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1. Introduction

1.1 Background

Intentional introduction of vertebrate species to Australia (including fish)
for hunting and fishing, farming and domestic purposes, biological control,
fisheries and aquaculture, the pet and aquarium industry and naturalisation/
acclimatisation reasons has led to the establishment of many wild pest
populations (Vertebrate Pests Committee 2007). It has been estimated
that approximately 73 introduced species of vertebrate pests have become
established on mainland Australia (Bomford 2003), including mammals (23),
birds (20), reptiles (4), freshwater fish (23) and 1 amphibian. Other authors
suggest that up to 34 alien fish species have established populations in the
wild, and there is further debate whether many other species have established
but remain undetected.

Throughout Australia, the distribution and abundance of pest fish have risen
significantly in recent years, and new species are increasingly being detected
by management authorities (Koehn and Mackenzie 2004). Pest species are
known to have a detrimental effect on native fish and macro-invertebrates,
they can cause damage to river health and degrade environmental systems,
they can threaten biological diversity and they may cause losses to agricultural
and aquaculture industries. While there are many fish species that have
established populations in the wild (Kailola 2000, Lintermans 2004), there are
also a large number of fish species currently in captivity that, if released or
escape, could have significant negative environmental, social and economic
consequences in the wild.

There is a volume of literature on the techniques developed and applied to
counteract the impacts of pest fish within Australia and overseas. However,
details on the current and emerging threats posed by invasive pest fish in
Australia remain largely unknown. There are significant gaps in research
knowledge, inconsistencies in policy and legislation and a lack of problem
definition required to strategically manage current and emerging pest fish
species throughout Australia. There is also a lack of nationally coordinated on-
the-ground management actions and effective strategies required to address
the problems caused by alien fish in Australia (Koehn and Mackenzie 2004).
These deficiencies make it difficult to manage pest fish and their impacts.

In 2006, the National Vertebrate Pests Committee’s (VPC) mandate
broadened to include pest fish species. The VPC has become responsible
for providing coordinated policy and planning solutions for alien fish. The
VPC is establishing a Pest Fish Working Group to coordinate programs
concerning pest fish management and the implementation of the Australian
Pest Animal Strategy. The National Land and Water Resources Audit
(NLWRA), as a major government initiative under the Natural Heritage
Trust, has a key area of activity in collating natural resource information
and linking regional, state/territory and national datasets. The NLWRA is
also currently developing various indicators and standards for monitoring
resource condition under the recently developed National Natural Resource
Management Monitoring and Evaluation Framework (M&E framework). The
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VPC recommended that pest fish be included in the invasive species areas
of this framework. The NLWRA Advisory Council, before seeking approval
from the Natural Resource Management Policies and Programs Committee
for pest fish to be included, agreed to produce a scoping study to identify
issues and recommendations for monitoring and measurement of pest fish
and their impacts. This report provides this scoping study.

This report is a valuable step towards identifying whether the recommended
monitoring, evaluation and reporting protocol for significant invasive
terrestrial vertebrate pests is also suitable for aquatic vertebrate pests, to
address the ongoing requirements under the M&E framework. It contains
information derived from literature, reports, strategies and pest animal
planning documents, as well as information from discussions with state and
federal government agencies.

The report provides:

J a summary and review of the techniques available for measuring
and monitoring pest fish distribution, abundance, and impacts

J an outline of the current research programs and management
activities that measure and report fish information, including
impacts information

11

J a series of recommendations for monitoring and reporting pest
fish at various levels under the M&E framework.

1.2 Purpose of review for national monitoring

Monitoring of invasive species is fundamental to the development of effective
and efficient management strategies to reduce pests and their impacts
throughout Australia. Monitoring of invasive species populations is required
to:

o identify priorities for immediate and future management
(ie planning)

o evaluate previous management activities and make changes
J improve understanding and knowledge

. raise awareness and provide education on current and potential
problems and opportunities.

Monitoring and evaluation are vital for the effective management of
invasive animals in Australia. Monitoring, evaluation and reporting provides
an environment to identify and collect information to help determine if
management actions are producing desired results. Monitoring, evaluation
and reporting is also required to establish whether changes in resource
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condition have resulted from management actions. They are also vital at the
local and regional level to identify control priorities and allow communities to
initiate and practise sound management. Accurate information is needed to
ensure that investment (at national, state and regional levels) is directed to
the areas of highest priority and to assess what sort of difference investment
is making. This is the case at the national and state scale where information
is required to help make policy decisions, and at the regional and local scale
where resource managers need meaningful information to make informed
management decisions.

This report presents an overview of research, monitoring and management
issues regarding alien fish throughout the jurisdictions of Australia, largely
identified from federal and state government research and management
programs. This report addresses key issues that need to be considered
for the inclusion of alien fish within a national monitoring and evaluation
framework.

1.3 National monitoring and evaluation framework

The M&E framework has been developed by the federal and state/territory
governments to facilitate monitoring and reporting on the impact of the
National Action Plan for Salinity and Water Quality and the Natural Heritage
Trust. The framework identifies natural resource topics (Matters for Target)
with the aim of assisting the assessment of the effectiveness of various
programs. Each Matter for Target has a set of indicators that will be used as
the guideline to monitor and report on the topic. The Invasive Species Matter
for Target topic comprises vertebrate pests (invasive animals) and weeds
themes. Alien fish have recently been considered for incorporation under the
invasive species theme.

An important component in achieving a viable monitoring and evaluation
framework to report on invasive species involves the development of standards
and guidelines including the adoption and use of core monitoring and reporting
attributes for surveying and mapping. The NLWRA in conjunction with the
Invasive Animals Cooperative Research Centre; Department of Agriculture,
Fisheries and Forestry; Department of the Environment and Water Resources
(formerly the Department of Environment and Heritage); and the VPC recently
developed and implemented a National Invasive Animals Work Plan. The work
plan involved collaboration with all states and territories to report on the
status of invasive animals in Australia, and progress information to facilitate
ongoing monitoring, reporting and evaluation activities. The work plan focuses
on coordination and national reporting under the invasive species theme, and
includes:

J establishment of national indicators for monitoring and
reporting

. collation of existing state-based information

. development of information products under the M&E
framework.
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The inclusion of pest fish within the scope of the VPC and the M&E framework
requires an evaluation of the suitability of existing indicators, protocols and
monitoring framework for pest fish, to address the huge environmental
problems stemming from pest fish.

1.4 Project terms of reference and definitions
The specific objectives of the review are to:

1. Identify the major pest fish species in Australia that have economic,
environmental or social impacts.

2. Review the techniques available to measure and report the impacts,
distribution and abundance of these fish species.

3. Present an overview of the current management, research and
monitoring programs for fish species throughout Australia.

4. Provide recommendations for monitoring and reporting, and the
requirements for a national assessment of introduced fish for the VPC
and NLWRA.
There are a number of key terms used to describe pest fish; many are often 13

used interchangeably leading to some confusion among readers. For this
report, the following terms and definitions are used relevant to fish species
and their management in Australia (modified from Clunie et al 2002):

alien belonging to a foreign country; that has been intentionally or
accidentally introduced as a result of human activities

established a self-sustaining population, breeding successfully

exotic originating from a foreign country; imported species that is
not found outside captivity

feral in a wild state, especially after being domesticated or
cultivated

imported brought into the county from a foreign location

invasive alien that produces reproductive offspring, often in large
numbers and at great distance from parents

introduced found in the wild; feral; released but not breeding successfully

naturalised alien that reproduces and sustains populations without human
intervention, often close to parent individuals, not necessarily
invasive
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noxious harmful or poisonous; often has a specific meaning in
legislation in relation to non-native species

pest an animal that has, or has the potential to have, a detrimental
effect on economic, social or conservation values or resources.
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2. Which inland fish species are pests in Australia?

2.1 History of introduction of pest fish to Australia

Almost all of the pest fish species established in Australian freshwaters today
were deliberately introduced (Arthington and McKenzie 1997), and while their
introductions fulfilled a range of needs, in some cases these needs have since
been overshadowed by their significance as pest species. There have been
three distinguishable phases of introductions: the acclimatisation movement
in the mid-late 1800’s (Arthington and McKenzie 1997, Lintermans 2004),
liberation of eastern gambusia in the 1920s to control mosquito populations
(Arthington and McKenzie 1997, Lintermans 2004) and introductions for
aquaculture and aquarium purposes. Many of the deliberate introductions
of alien fish species have occurred in the south-eastern and south-western
regions of Australia, while most pest aquarium species currently inhabit the
tropical and subtropical parts of the country (Kailola 2000).

Recent research suggests that there are approximately 34 alien fish species
from eight families that have established populations in the wild (Table 1)
(Kailola 2000, Lintermans 2004). Some species are widely distributed across
several states/territories (eg carp), while others are localised in a specific
region (eg Mozambique tilapia). Twenty-two species have resulted from
ornamental/aquarium releases, eight from acclimatisation practices, one from 15
aquaculture (common carp), one for biocontrol (eastern gambusia) and two
species from ballast water (Lintermans 2004). Several salmonid species (in
particular, brown trout and rainbow trout) are currently maintained by regular
fish stocking activities. Despite these general findings, accurate distributional
data for many species is often severely lacking. Of particular concern is
that there has been a steady increase in the number and fish species being
introduced and becoming established in Australia in recent years (Koehn and
Mackenzie 2004, Lintermans 2004). There are also a number of additional
species that are considered ‘emerging’ or kept in captivity but have not yet
become established (ie having self-sustaining populations) in the wild (eg
Rosy barb in Queensland). Some of these species are not yet included in
priority species lists (eg Kailola 2000) as their reproductive status in the wild
remains uncertain (Allen et al 2002).

Although most pest fish species in Australia were intentionally introduced
for the aquarium and ornamental fish trade (McNee 2002, Lintermans
2004), many species have spread or have been dispersed throughout the
country. There are a variety of pathways for the transportation and dispersal
of fish and an understanding of these mechanisms is essential to prevent
or reduce opportunities for their establishment (Crooks and Soule 1999 in
Lintermans 2004). Fish are most often relocated into new areas through
human intervention (Arthington and McKenzie 1997, Kailola 2000, Lintermans
2004). There are numerous mechanisms of human-assisted dispersal of
alien fish (Lintermans 2004), including fish stocking; discarding of aquarium
fish; deliberate introduction for biocontrol; recreational/commercial fishing
practices; escapees from ponds, dams and aquaculture; and accidental
contaminants (Lintermans 2004).
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Table 1: Freshwater fish species introduced to Australia and
reasons for introduction
(adapted from Arthington and McKenzie 1977, Lintermans 2004)
Family Common Species Reason for
name introduction
Salmonidae Rainbow trout Oncorhynchus Acclimatisation
mykiss
Atlantic salmon* Salmo salar Acclimatisation
Quinnat or Chinook | Oncorhynchus Acclimatisation
salmon* tshawytscha
Brown trout Salmo trutta Acclimatisation
Brook trout Salvelinus fontinalis | Acclimatisation
Cyprinidae Goldfish Carassius auratus | Ornamental
Carp Cyprinus carpio Ornamental,
aquaculture
Tench Tinca tinca Acclimatisation
Rosy barb Puntius conchonius | Unsure
Roach Rutilus rutilus Acclimatisation
White cloud Tanichthys Ornamental
mountain minnow | albonubes
Percidae Redfin perch Perca fluviatilis Acclimatisation
Poecilidae Eastern gambusia | Gambusia holbrooki | Acclimatisation,
biological control
One-spot Phalloceros Ornamental
livebearer caudimaculatus
Sailfin molly Poecilia latipinna Ornamental
Guppy Poecilia reticulata | Ornamental
Green swordtail Xiphophorus hellerii | Ornamental
Platy Xiphophorus Ornamental
maculatus
Cichlidae Oscar Astronotus Ornamental
ocellatus
Convict cichlid Archocentrus Ornamental
nigrofasciatus
Black mangrove Tilapia mariae Ornamental
cichlid
Redbelly tilapia Tilapia zillii Ornamental
Cichlidae Three-spot cichlid | Cichlasoma Ornamental
trimaculatum
Victoria Burtons Haplochromis Ornamental
Haplochromis bimaculatus
Jewel cichlid Hemichromis Ornamental
bimaculatus
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Table 1: Freshwater fish species introduced to Australia and
reasons for introduction
(adapted from Arthington and McKenzie 1977, Lintermans 2004)
Family Common Species Reason for
name introduction
Mozambique tilapia | Oreochromis Ornamental
mossambicus
Blue acara Aequidens pulcher | Ornamental
Jack Dempsey Cichlasoma Ornamental
octofasciatum
Cobitidae Oriental Misgurnus Ornamental
weatherloach anguillicaudatus
Belontiidae Three-spot gourami | Trichogaster Ornamental
trichopterus
Gobiidae Streaked goby Acentrogobius Accidental (ballast-
pflaumii water/shipment)
Yellowfin goby Acanthogobius Accidental (ballast-
flavimanus water/shipment)

For more information on alien freshwater fish species in Australia, see

Appendix 1.
17

2.2 Problems caused by alien fish

Freshwater environments worldwide are significantly threatened by the
introduction of alien species (Moyle and Light 1996). Long-term climate change
on a global and regional scale is also expected to alter the distributions and life
histories of many species (McLaughlin et al 2002) and may affect the number
of new invasions of pests. Exotic species are likely to continue to increase
worldwide over the next century (Moyle and Light 1996, Sala et al 2000).
In Australia, freshwater systems, although diverse in range from tropical to
alpine, are particularly susceptible to invasion because of the country’s arid
climate and geographic isolation (Lintermans 2004). Invasive fish species are
known to cause a number of adverse environmental, economic and social
impacts. However, there is a lack of quantified data about the impacts of
most pest fish species (Kailola 2000, Koehn and Mackenzie 2004).

Although most evidence about the impacts of alien fish is circumstantial,
some of the problems identified from introduced fish include:

o damage to biodiversity (Arthington and McKenzie 1997, Bomford
and Glover 2004)

o decline of macro-invertebrates and gastropods (Arthington and
McKenzie 1997)

o habitat change (Arthington and McKenzie 1997, Keller and Lake
2007)
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o significant alterations to freshwater ecosystems (Bomford and
Glover 2004)

o competition with native species, including threatened and
vulnerable species (Townsend 1996, Arthington and McKenzie
1997, Kailola 2000)

o introduction of parasites (Keller and Lake 2007)

J negative impact on agricultural and aquaculture industries
(Kailola 2000)

. degradation of aquatic habitats and water quality (Kailola
2000).

The introduction of alien fish has also been implicated in causing significant
declines in the diversity, range and abundance of freshwater fish within
Australia’s rivers (Smith and Hammer 2006). Alien fish, such as carp, can also
reduce the suitability of habitats for native fish species (Bomford and Hart
2002). In New South Wales, the introduction of alien fish has been listed as a
key threatening process (NSW Department of Primary Industries 2005b).

There is generally a lack of detailed knowledge about the impacts of pest fish
because of a limited amount of research. Historically, research programs have
tended to focus mainly on determining the environmental impacts of recognised
pest fish species (mosquito fish, swordtails, redfin perch, brown trout, rainbow
trout, carp, goldfish and oriental weatherloach) in key locations (ie specific
rivers and wetlands), or on specific environmental variables (eg threatened
species). There has been some research on the interactions between native
and non-native species such as predation, competitive displacement, habitat
modification and disease transmission (Kailola 2000). However, there is a
significant lack of quantified research on the economic and social impacts
of pest species, particularly across jurisdictions. As a result, there is often
an inadequate presentation of triple-bottom-line impacts of pest fish across
state and territory jurisdictions.

There are a number of adverse impacts of alien fish in Australia that are
further discussed in Chapter 6.

2.3 Aquarium and ornamental fish

In Australia, the trade in aquarium fish represents a significant industry
estimated to be worth up to $90 million (McNee 2002). An estimated 800 pet
stores nationwide trade in aquarium fish, supporting an estimated total pet
fish population of 22 million (McNee 2002). The import of live fish into Australia
is regulated by the Commonwealth Environment Protection and Biodiversity
Conservation Amendment (Wildlife Protection) Act 1999 (EPBC Act) and
stringent quarantine and importation policy. Under this Act, live specimens
are listed in two parts including those that do not require an import permit
and those that do require an import permit (Kailola, undated). The number
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and diversity of exotic fish species traded by domestic aquarium fish keepers
in the past has been estimated at 1181 species, of which only 481 species
are currently permitted to be imported into Australia. Biosecurity Australia’s
import risk analysis process identifies potential quarantine risks and develops
policy to manage them (eg ornamental finfish www.daff.gov.au/ba/ira).

Within Australia, current state and territory legislation regulates domestic
breeding, possession and movement of fish species within the aquarium
trade (McNee 2002). However, inconsistency between legislation has also
made it difficult to control trade and movement of aquarium fish between
jurisdictions. ‘Backyard breeding’ of banned species is common, and these
fish are widely traded (Arthington and McKenzie 1997). Of the fish species
supplied for the aquarium trade, approximately 60% are bred and supplied
domestically and 40% are imported. However, illegally imported fish also
account for up to 10% of the fish imported into Australia, and smuggling is
largely commercially driven (AQIS in McNee 2002). Some reports suggest
there are many species illegally traded that are not listed under permitted
species import lists of the EPBC Act (McNee 2002).

Aquarium and ornamental fish, if deliberately or accidentally released in
Australia, present significant risks. These risks include the potential to become
pests in Australia’s freshwater rivers and wetlands, and to be vectors for the
transmission of a number of serious exotic diseases that may threaten the
commercial aquaculture industry (McNee 2002).

19
Several aquarium species, such as oriental weatherloach and goldfish, have
become established in the wild as a result of accidental or deliberate release
from aquariums (PIRSA 2007). For this reason, state and territory authorities
typically impose penalties for the release of live fish into waterways without
a permit (McNee 2002).

There have been more than 1,000 exotic fish species imported into Australia
over the past 40 years (McNee 2002), around 50% of introductions have
resulted in new populations establishing in the wild (Bomford and Glover
2004). The potential for aquarium and ornamental fish species to become
pests in the wild is considered extremely high. A list of fish permitted to be
imported into Australia (225 species in total) is maintained by the Australian
Department of Environment and Water Resources under the EPBC Act 1999
(See www.daff.gov.au/aquis/icon). However, a list of additional species
currently occurring in Australia is not presented. As a result, there is a need
to resolve inconsistencies regarding regulations for the keeping and trade of
freshwater fish species, and a need for agreement at a national level on a list
of alien fish species that should continue to be made available/permitted for
the domestic aquarium trade (McNee 2002).

2.4 Recreational fishing activities

Freshwater recreational angling is a major industry in Australia (Kailola et
al 1993, see also Henry and Lyle 2003) and the demand for recreational
fishing has been a significant cause of deliberate introductions of many fish
species (Arthington and McKenzie 1997). There is a long history of deliberate
releases and fish stocking of many alien fish species, particularly salmonids for
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recreational fishing and aquaculture. Inland fisheries are currently managed by
state and territory governments, and only a small number of species support
the multimillion dollar recreational fishing industry in Australia (Arthington
and McKenzie 1997).

The two main recreational fishing activities that have been identified as
contributing to the introduction of alien species to many areas are direct
translocation of fish species by recreational anglers, and use of live fin-fish as
bait (Tempest in Lintermans 2004). The use of exotic species to feed cultivated
fish stocks, and escape of fish have also been identified as practices that lead
to the introduction of alien species (Arthington and McKenzie 1997).

Human-assisted dispersal is a serious issue regarding the spread of exotic fish
throughout areas suitable for recreational fishing or commercial aquaculture
activities. Despite the value of the recreational fishing industry, based largely
on the use and introduction of alien species, there is no other instance in
Australia where alien species are deliberately released where their pest
potential is so well documented (Lintermans 2004).

Consistent with the scenario presented by aquarium and ornamental fish,
there are risks presented by the introduction and translocation of alien fish
to rivers for recreational fishing pursuits. These risks include direct and
indirect ecological and environmental impacts, and introduction of various
diseases that may threaten native aquatic species or impact on aquaculture
industries.

In recent years there has been an alarming increase in the number of new
alien fish species being detected in the rivers of many states and territories.
Controlling the release of species for recreational activities, and reducing
the risk of accidental release is imperative to slow the establishment of new
species in the wild. While recreational fishing represents a major industry in
Australia, there is a critical need to regulate the introduction of alien fish for
recreational activities to reduce further problems caused by alien species as
pests in Australia. In 1999, the Ministerial Council on Forestry, Fisheries and
Aquaculture prepared a national policy for the translocation of live aquatic
organisms.

Recreational anglers can make a valuable contribution to the management
and control of pest fish and waterways. They can play an integral role in the
monitoring and reporting of pest fish by reporting any sightings/capture of
alien species to relevant local and state authorities. They can also help to
control alien fish by destroying any alien fish that are caught.

2.5 Legislation relating to introduced fish

In Australia, introduced fish have traditionally been excluded from vertebrate
pest management policy and legislation. However, there are a number of
important legislative frameworks and accompanying Acts that regulate the
keeping, transportation, trade and release of freshwater fish species.

The importation of fish is regulated by Australian importation and quarantine
policy at a national level. However, domestic activities are regulated by state
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and territory governments, and there are many inconsistencies in legislation
regarding introduced fish across state and territory jurisdictions (Arthington
and McKenzie 1997). Many exotic species are openly traded across jurisdictions,
increasing the risk of new incursions in the wild (McNee 2002). All state,
territory and federal governments are responsible for the management of
fish, and there is an urgent need for uniformity in legislation to reduce the
problems of alien fish in Australia (Arthington and McKenzie 1997, Koehn and
Mackenzie 2004). Table 2 presents relevant legislation in each jurisdiction
used to regulate and control exotic fish.

2.6  National priority species list

Throughout Australia, the number of alien freshwater fish being identified in
the wild is rising.

There are several impediments to the national consistent management of
alien/pest fish in Australia. These impediments include:

. differences between the current permitted import species list
and the species currently kept by aquarium keepers (McNee
2002)

J inconsistencies in legislation and application of policy across
federal and state/territory jurisdictions (Koehn and McDowall
2004) particularly regarding permitted and ‘noxious’ species,
which means many species are openly traded and by-pass border
surveillance

J lack of a rapid response plan for new pest fish incursions in
Australia
o lack of a national priority species list to regulate and control

exotic/alien freshwater fish, and monitoring and reporting.

To address these issues regarding alien fish management in Australia,
a number of recommended priority actions were presented by Koehn and
Mackenzie (2004). They suggested that the national management of alien/
pest fish in Australia requires:

o development and implementation of a national alien fish
management strategy

J national consistency in jurisdictional legislation and management
approaches

. revision of existing national permitted and ‘noxious’ fish species
lists
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Table 2: Summary of relevant state/territory and Commonwealth

legislation

National (Commonwealth)
Regulated by Department of Envi-
ronment and Water Resources
Australian Quarantine Inspection
Service

Australian Fisheries Management
Authority

Environmental Protection and
Biodiversity Conservation Act 1999
Fisheries Management Act and
Regulations 1991

Quarantine Act 1908

Endangered Species Protection Act
1992

New South Wales
Regulated by Department of Primary
Industries

Fisheries Management Act 1994
Stock Diseases Act 1923

Queensland
Regulated by Department of Primary
Industries

Fisheries Act 1994
Fisheries Regulation 1995

South Australia
Regulated by Primary Industries and
Resources South Australia

Fisheries Act 1982

Livestock Act 1997

Fisheries Regulations (Exotic fish,
fish farming and fish diseases) 2000

Victoria
Regulated by Department of Primary
Industries

Fisheries Act 1995
Livestock Disease Control Act 1994

Western Australia

Regulated by Department of
Fisheries, Dept of Agriculture and
Food

Fish Resources Management Act
1994
Exotic Diseases of Animals Act 1993

Northern Territory
Regulated by Department of Primary
Industry, Fisheries and Mines

Fisheries Act 1988 and Regulations

Tasmania
Regulated by Department of Primary
Industries and Water

Inland Fisheries Act 1995
Inland Fisheries Regulations 1996

Australian Capital Territory
Regulated by Department of
Territory and Municipal Services

Fisheries Act 2000
Nature Conservation Act 1980
Pest Plants and Animals Act 2005
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J recognition of national and state vertebrate pest policies and
legislation

o dedicated alien fish monitoring at local and regional levels

J a national survey to collate distribution data for alien fish and a
national distribution database for alien fish

. inclusion of alien fish distribution and abundance as an indicator
of river health.

In 2006, the ‘Strategic Approach to the Management of Ornamental Fish
in Australia’ (Department of Agriculture Fisheries and Forestry 2005) was
released. It highlights the inconsistency between mechanisms and controls
across regulatory agencies to deal with serious alien pests, and predicts that
unless consistency is reached at a national scale, further alien invasions
and disease threats will emerge. It recommends the need for a nationally
recognised noxious species list, and presents a proposed national alien species
list.

We recommend that advice be sought regarding a national noxious species list

that can be used to regulate management across jurisdictions, and represent

a national priority list for monitoring, from the Vertebrate Pests Committee,

relevant Australian Government agencies (Department of Agriculture, 23
Fisheries and Forestry; Department of Environment and Water Resources

and Australian Fisheries Management Authority), state/territory government

authorities, as well as research and industry groups (including recreational

fishing and ornamental fish industries).
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3. Management strategies relevant to pest fish

The management of alien fish in Australia requires a coordinated approach
between government, industry, research and the broader community.
Consistency in legislation, policy, management, monitoring and control is also
needed to manage alien fish and their impacts. There are presently a number
of management strategies that have been developed for the management
of pest animals in Australia, and others that directly address alien fish and
their impacts. Here, we present a brief summary of strategies relevant to the
management and control of alien fish at national, state/territory and regional
levels.

3.1 National strategies

The Australian Pest Animal Strategy was developed in 2006, and is the first
national strategy to address vertebrate pest animals including fish. It provides
a national framework for the management of pest animals and their impacts
over the next 5 years.

There are presently three main fish-specific management strategies relevant
to alien fish in Australia. They are:

1. The National Management Strategy for Carp Control 2000-2005
2. The Strategic Approach to the Management of Ornamental Fish

3. The Native Fish Strategy for the Murray-Darling Basin 2003-
2013.

The Native Fish Strategy (NFS) was approved by the Murray-Darling Basin
Ministerial Council in 2003 for release in 2004. The NFS is a 50-year plan
implemented in 10-year stages, which aims to rehabilitate native fish
populations to 60% of pre-European levels in 50 years. The strategy operates
in conjunction with other major initiatives and is driven by six actions that
promote an integrated approach to rehabilitating native fish populations in
the broader context of riverine restoration. There is a NFS coordinator in
each jurisdiction, and a working group of the NFS agreed on the need for a
Basinwide Pest Fish Plan. The plan will aim to:

. establish a framework for the management of alien fish species
. protect native fish populations and habitats by minimising risks

o incorporate alien species management into the broader
framework of river rehabilitation

o limit the further spread of alien species and prevent the
introduction of new alien species
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. apply an integrated approach to the management of alien
species, with the focus on reducing the impacts of alien species
rather than their density.

Each of these strategies aims to provide coordination and direction through
an integrated approach to the management of alien fish at a national or
basinwide level. The goals that are common to each management strategy
include:

o prevention of the establishment and spread of pests
o control, management and reduction of pest impacts
. best practice vertebrate pest management

o monitoring and evaluation

. education and awareness.

Although these strategies collectively provide an important step towards the

management of pest species in Australia, many authorities have recommended

the development of a national alien/pest fish management strategy.

Development and implementation of such as strategy, like the Basinwide Pest 25
Fish Plan, would seek to reach agreement of a consistent, cost-effective and

integrated approach to managing alien fish throughout Australia.

3.2  State/territory strategies

Many states and territories have developed statewide pest animal strategies
that address alien fish. There are strategies that have been developed for the
direct stocking of game fish and fisheries development in inland waters (eg
NSW Department of Primary Industries 2003, Northern Territory Fisheries
Research Advisory Board 2004). There are also strategies that have been
simultaneously developed for control of pest fish.

The state-based management strategies that address pest animals and alien
fish located as part of this review include the following:

1. The Queensland Pest Animal Strategy 2002-2006 (Department of
Natural Resources and Mines 2002). This strategy aims to reduce
the level of impact of pest and problem animals on environmental,
social and production values. It presents a statewide planning
framework to provide direction to government, industry and
managers. It supports the prevention of establishment and
spread of pests, reduction of the impacts of emerging and existing
populations, and education, through effective management and
planning.

2. The Control of Exotic Pest Fishes - An Operational Strategy
(MacKenzie et al 2001). This strategy was developed as a
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complement to the National Carp Strategy 2000-2005 (see 3.1)
and the Queensland Pest Animal Strategy 2002-2006 (MacKenzie
et al 2001). This strategy has seven goals and supports similar
objectives to the Queensland Pest Animals Strategy. At present,
the Control of Exotic Pest Fishes Strategy is the only strategy
that addresses a number of species simultaneously (MacKenzie
et al 2001, Murray-Darling Basin Commission 2004b).

The Victorian Pest Management — a Framework for Action (or
VPMF) (Department of Natural Resources and Environment
2002). This is the first strategy of its kind in Victoria. It has been
developed to provide strategic direction for the management
of declared and potential pests. It also identifies key actions,
responsibilities, timelines and collaboration required for
effective management. Specific management strategies have
been developed for weeds and other terrestrial species, while
exotic invasive fish are included under the VPMF (For further
information, see http://www.dse.vic.gov.au/DSE )

The ACT Pest Management Strategy (Environment ACT 2002).
This strategy similarly addresses terrestrial and aquatic pest
species (including alien fish) through a regulatory framework
that is designed to maintain or increase management efficiency
and effectiveness. It lists seven pest fish species that are relevant
to the Australian Capital Territory.

The Northern Territory Strategic Plan for Fisheries Research
and Development 2005-2009 (Northern Territory Fisheries
Research Advisory Board 2004). This strategy is designed to
ensure sustainable fisheries industries in the Northern Territory
and fisheries resource development. It provides a platform for a
number of control-based projects on alien species and prevention
of further species establishment.

The Guidelines for Assessing Translocations of Live Aquatic
Organismsin Victoria 2003. These guidelines provide a framework
for Victoria to meet national requirements for a consistent
approach to manage fish translocations. The guidelines use a
risk-based framework to assess proposals for the translocation of
aquatic organisms within and between water bodies in Victoria,
and work with specific protocols (see 7 below) to regulate
translocations of aquatic organisms.

Protocols for the Translocation of Fish in Victorian Inland Public
Waters were developed and released in 2003 to address proposals
that require approval under the Fisheries Act 1995. They are
used with the guidelines listed above (see 6).
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3.3 Regional strategies

Strategic planning and management of alien fish at a regional scale requires
further attention from relevant regional authorities and regional groups. The
establishment of 56 natural resource management (NRM) regions across
Australia provides a platform for region-specific strategies and management
plans for pest fish. Regional strategies can also be based on existing major
river basins, catchment areas and national park regions. Collectively, they
require coordination between the relevant regional jurisdictions and the
respective state strategies.

Examples of regional management strategies that address pest animals and
alien fish include the following:

1. The South Australian Arid Lands NRM Pest Management Strategy
2005-2010 (Pitt et al 2006). This strategy is an example of a
regional pest strategy that incorporates invasive fish. Through
prevention and early detection, and effective management of
pest impacts, the strategy seeks to provide a framework for
improved pest management.

2. Management Strategies for New South Wales National Parks
and Wildlife Service (NPWS). Strategies were prepared for
five NPWS regions throughout New South Wales that identify
pest populations and establish priority control programs. These
strategies provide good models for the development of alien
fish strategies at the regional level, and potentially allow for
the inclusion of alien fish as a pest species of major concern
(for more information, see http://www.nationalparks.nsw.gov.
au/ > Nature and conservation > Pests and other threats > Pest
management programs).

3.4 Further information

1. The National Management Strategy for Carp Control,
available from the Murray-Darling Basin Commission website
http://www.mdbc.gov.au

2. The Strategic Approach to the Management of Ornamental
Fish, available at http://www.affashop.gov.au/product.
asp?prodid=13332

3. The Native Fish Strategy for the Murray-Darling Basin,
available at http://www.mdbc.gov.au/NFS.

4. Queensland Pest Animal Strategy and Control of Exotic
Fishes Strategy, available at http://www.dpi.qld.gov.au/ >
Fisheries > Exotic pest fish http://www.nrw.qld.gov.au/pests/
management_plans/plans/state/index.html
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4. Indicators of pest fish in Australia

4.1 Indicators of river condition and the impacts of alien fish
There are two types of indicators regarding alien fish:

1. Indicators that measure and report the condition of a particular
natural resource attribute (river health).

2. Indicators that measure and report the impacts of a particular
alien fish species.

Alien fish are often used as indicators of the biological integrity of rivers (or
river health) (Kennard et al 2005) because they are assumed to be a symptom
of river condition, and fluctuate in response to changes in disturbances (such
as turbidity). Fish are also highly mobile, exhibit long lifespans and occupy
high trophic levels, making them suitable measures of long-term change. The
use of alien fish as an indicator of river health assumes a correlation between
alien fish species and disturbed environments (Kennard et al 2005); however
some alien fish, such as salmonids, prefer undisturbed rivers (W. Fulton,
pers comm 2007). In most cases, the presence of an alien species indicates
a deviation from the natural condition of the aquatic environment and thus
infers some level of decline in aquatic biodiversity (Kennard et al 2005).
For this reason, a suite of indicators including the occurrence of introduced
species, exotic species richness, relative abundance of exotic species and
biomass of exotic species are often used in river bioassessment studies to
report river health (Kennard et al 2005).

Indicators can also be categorised as being direct (or primary) or indirect
(secondary or surrogate). Direct indicators are those that directly demonstrate
the effects of introduced species on rivers and wetlands and their associated
ecosystems (Arthington and McKenzie 1997): for example, change in the
population demographics (age structure) of native fish (in Arthington and
McKenzie 1997). Indirect indicators are those that measure alternative
attributes that are assumed to correlate with the resource/species in question.
Examples of indirect indicators are measurements of species distribution and
abundance where impacts are not easily measured, or rates of introduction of
exotic species into Australia (Arthington and McKenzie 1997).

4.2 National indicators for significant invasive vertebrate pests

Monitoring and evaluation are vital to effectively manage invasive animals
in Australia. In recent years, a national natural resource management
(NRM) monitoring and evaluation (M&E) framework was established by the
state, territory and Commonwealth governments to facilitate monitoring
and reporting on the condition of natural resources and the impact of the
investment programs. The M&E framework was approved by the Natural
Resource Management Ministerial Council (NRMMC), and was established
to assess progress towards improved natural resource condition through
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the development of accurate, cost-effective and timely information on the
condition of natural resources and the performance of programs, strategies
and policies providing national approaches to the conservation, sustainable
use and management of natural resources.

The national M&E framework sets out broad key issues or ‘Matters for Target’
that can be reported against using a range of indicators, with the aim of
assisting the assessment of the effectiveness of various programs. Each
matter for target has a set of indicators to be used as a guideline to monitor
and report on the topic. The Invasive Species Matter for Target comprises
weeds and vertebrate pests (invasive animals) themes. Under the vertebrate
pests theme of the M&E framework, two national indicators were agreed to
by all states and territories and endorsed by the national Vertebrate Pests
Committee during 2006:

1. Distribution and abundance of significant invasive vertebrate
pests.

2. Impacts of significant invasive vertebrate pests.

All states and territories, through NRM regional bodies, are presently reporting
against these indicators, and advice is required to determine whether alien/
pest fish should be included within the vertebrate pests theme under the M&E
framework. 29

Alien species (in particular fish) are incorporated in two natural resource
themes under the M&E framework. These themes are:

‘Integrity of Inland Aquatic Ecosystems’
‘Invasive Species - Significant Invasive Vertebrate Pests’

As mentioned in Section 4.1, alien fish are used as an indicator of river
condition/health (Kennard et al 2005), and can be used (in combination
with measurements of other environmental attributes) to assess river
health. However, alien fish (like terrestrial vertebrate pests) are also directly
responsible for adverse impacts, particularly to biodiversity and primary
production. As such, they are simultaneously listed under a separate pest
indicator (invasive species) in the M&E framework.

The invasive species theme relies on measurements of vertebrate pest
distribution, abundance and direct measures of impact to assess the
effectiveness of investment programs, and to set management priorities.
Alien fish are measured and reported with other terrestrial species, including
rabbits and introduced birds. Initial reporting of invasive species distribution,
abundance and impacts has recently been finalised and includes common
carp.
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4.3 Indicators from national and state programs

Alien fish have been used as an indicator of the health of rivers and streams
(as a symptom of poor ecological condition) or to measure the impacts of
alien fish (as a cause of river degradation) in several programs throughout
Australia. However, there has been no standardised approach across these
initiatives/ programs to support consistency and comparability of outcomes.
Each program has varied in its goals and implementation. The following is a
summary of programs that have used alien fish as indicators to assess river
health, or assess the impacts of alien fish on the environment.

4.3.1 State of Environment (SoE) Reports
http://www.environment.gov.au/soe/index.html

SoE reports provide information about environmental and heritage
conditions, trends and pressures for the Australian continent, surrounding
seas and Australia’s external territories. National, state and territory SoE
reports are based on data and information gathered and interpreted against
environmental indicators, as a basis for ecologically sustainable development.
SoE reports regularly assess indicators of changes in environmental condition
and facilitate monitoring of the performance of government policies against
definite outcomes (Whittington et al 2001). There were 263 indicators used
to report on 174 critical issues across a number of reporting themes in the
most recent national SoE report (Beeton et al 2006). One indicator is ‘current
research into pressures and contributions of naturalised introduced species’. It
uses alien fish data to inform four reporting themes including ‘Biodiversity’ and
‘Inland Waters’. The New South Wales SoE report (Department of Environment
and Climate Change NSW 2006) used 71 environmental indicators to provide
information on 37 environmental issues that were reported through six key
themes. Exotic/alien and introduced fish are included as part of a number of
indicators that fall under two themes: ‘Biodiversity’ and ‘Water’. River health,
as assessed by macro-invertebrates and fish assemblages, used introduced
fish data compiled from various programs. Fish-related river health indices
derived from these other programs, such as the Department of Primary
Industries” fish community integrity index, were incorporated with other
information to generate the SoE indicator.

4.3.2 Assessment of River Health/River Condition

Under the National Water Initiative, the Australian Water Resources 2005
(formerly the BWRA) was developed to provide a baseline model of water
management and resource issues. It operates through five major themes,
including ‘River Health’ (National Water Commission 2006a). Under the river
health theme, the Assessment of River Health - Biota will include fish as
an indicator of biotic condition (National Water Commission 2006b). Using
comparable indicator data from the Sustainable Rivers Audit and the South-
East Queensland Ecosystem Health Monitoring Program (see below), a fish-
based indicator (based on alien species presence, richness and relative
abundance) is being considered to be compared with the reference condition
(ie no alien fish) (National Water Commission 2006b).
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4.3.3 Murray-Darling Basin Sustainable Rivers Audit (SRA)
http://www.mdbc.gov.au/SRA

The Sustainable Rivers Audit Pilot (2002-2003) developed a humber of
indicators, grouped under five themes, including ‘Fish’, to be used in the
implementation of the SRA (see Section 8.1). Thirteen fish indicators were
recommended, eight of which relate directly to alien fish, as described

in Table 3. Fish indicators are to be measured once every three years at
23 sites in the Murray-Darling Basin and the information gathered will be
used to determine the effectiveness of current management practices in
sustaining river health (Murray-Darling Basin Commission 2003).

4.3.4 South-East Queensland — Ecosystem Health Monitoring
Program
http://www.ehmp.org/freshwater_methods_and_indicators.html

The South-East Queensland Ecosystem Health Monitoring Program was
developed as an integrated regional ecosystem health assessment program
to monitor management of the region’s aquatic ecosystem assets. A range
of biological, physical and chemical indicators are measured to provide
information about the condition of waterways. The ‘Freshwater’ component
uses fish as an indicator ‘because they reflect a number of natural and
human-influenced disturbances through changes in abundance and species
composition’ (Ecosystem Health and Monitoring Program 2006). Fish are also
used because they present an integrated measure of stream condition (due 31
to their mobility, long lifespan, and high trophic level). Three metrics were
developed for the fish indicator, including ‘Proportion of alien fish’.

4.3.5 Integrated Monitoring of Environmental Flows
http://www.dnr.nsw.gov.au/care/water/imef/index.html

The New South Wales Integrated Monitoring of Environmental Flows scheme
was designed to assess ecological responses to changed river flows following
the introduction of flow rules for major regulated rivers (Egerrup and Growns
2001, Whittington et al 2001). Freshwater fish are one of the environmental
indicators that are measured as part of the monitoring program. Improved
environmental flows are expected to assist the recovery of native fish
populations, therefore the presence of alien fish and their associated impacts
(eg predation) can indicate the outcomes of the scheme.

4.3.6 Victorian Water Resources Data Warehouse
http://www.epa.vic.gov.au/water/environment/default.asp

Since the completion of the 1996 Review of Environmental Water Quality
Monitoring in Victoria, the Victorian Catchment Management Council, in
partnership with the Department of Sustainability and Environment and
Environmental Protection Agency, has improved environmental water quality
assessment in Victoria, An integrated, coordinated and resource efficient
approach to water quality monitoring has been implemented by:
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Table 3: Alien fish

related

indicators
Sustainable Rivers Audit (adapted from Murray-Darling Basin
Commission 2003).

recommended for the

Indicator (alien and native)

Description

Total species richness

Compares total species richness
with a predicted maximum species
richness

Benthic species richness

Compares species richness of
benthic fishes to a predicted species
richness

Pelagic species richness

Compares the species richness of
pelagic fishes to a predicted species
richness

Intolerant species richness

Compares the occurrence of species
known to be intolerant to various
disturbances (eg low water quality)
to a predicted number of species

Proportion macro-carnivores

Measures the proportion of
individual fish that are macro-
carnivores

Porportion mega-carnivores

Measures the proportion of
individual fish that are mega-
carnivores

Total abundance

Compares the total number of fish
caught with the predicted number
expected

Fish with abnormalities

Measures the number of fish with
diseases, parasites or abnormalities.

o removal of duplication between monitoring programs

o statewide coordination of methodologies

o a change to annual reporting to provide interpretation and
management information at both a statewide and catchment
management authority scale

o provision of a statewide database of water quality information
on the internet.

All water quality information for Victoria’s rivers, streams, lakes and water
storages is incorporated into the statewide network, with data accessible
in raw and summary form online via the Victorian Water Resources Data

Warehouse.
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5. Monitoring techniques for detecting and measuring
alien fish populations

5.1 Summary of alien fish distribution and abundance information

Information of the distribution of alien species throughout Australia has been
summarised and presented by many authors (see Table 4; Arthington and
McKenzie 1997, Arthington et al 1999, Lintermans 2004, Kailola undated).
However, while broadscale distribution information has been recorded for
the more abundant alien fish species (including carp, brown trout, rainbow
trout, mosquito fish/gambusia, redfin and oriental weatherloach) there is
little, if any, published information on the distribution and abundance of
lesser-known alien fish species such as rosy barb and one-spot livebearer
(Dawson 2005). Furthermore, the methods used to measure and report alien
fish have varied, particularly in scale and rigour, leading to incomparable
outputs. Accurate distributional data for many of the less abundant alien
fish species is severely lacking, and there is a need for a national survey of
alien fish distribution and abundance using consistent methods and sampling
techniques (Koehn and Mackenzie 2004). There are a number of initiatives
that present information on the distribution and abundance of alien fish from

surveys and river assessments in Australia. The main sources are as follows:

. The National Water Commission (NWC) developed Australian
Water Resources 2005 to assess a range of performance
indicators in regard to the management of Australia’s water
resources. Fish have been nominated for inclusion in surveys
for the River Health theme (National Water Commission 2006b),
and results could potentially generate presence-abundance data,
and distributional information for alien fish that are detected.

. The Sustainable Rivers Audit (SRA) is an ongoing river health
assessment program being implemented by the Murray-Darling
Basin Commission (MDBC). To date, the SRA has produced
presence, abundance and distributional data for native and alien
fish across the Murray-Darling Basin. The Pilot SRA developed
indicators and methods for river health assessment (see Section
4.3) while the Fish theme trialled standardised methods for
fish bioassessment (see Section 6.3) (Murray-Darling Basin
Commission 2003, Davies 2004).

J The River Murray Wetlands Baseline Surveys are major
biological and physical surveys conducted within 38 wetlands
along the Murray River in South Australia (http://murraywater.
skmconsulting.com/, accessed May 2007). Survey projects that
were undertaken in 2003/04 (Smith 2006a) and 2005/2006
(Smith 2006b) collected seasonal data on physical site
characteristics and aquatic life, including fish.
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o The NSW Rivers Survey was a collaborative project between
NSW Fisheries and the Cooperative Research Centre (CRC) for
Freshwater Ecology that addressed several objectives, including
determining the abundance, distribution and habitat use of carp
and other alien species in New South Wales rivers (Harris and
Gehrke 1997). The statewide survey monitored presence and
abundance of native and alien fish in New South Wales rivers,
providing a comprehensive overview of river communities.

There are also a number of other sources of information on the distribution
and abundance of alien fish in Australia (Table 5).

Table 4: Current known distribution of pest fish in Australia
(adapted from Lintermans 2004, Kailola, undated, Arthington et al 1999,
Arthington and McKenzie 1997).
Common State/Territory
name

NSW | QLD |VIC |ACT |TAS |SA |NT |WA
Rainbow Trout Oncorhynchus mykiss ° ° ° ° ° °
Atlantic Salmon* Salmo salar ° ° °
Quinnat or Chinook | Oncorhynchus .
Salmon* tshawytscha
Brown Trout Salmo trutta ° ° ° ° ° ° °
Brook Trout Salvelinus fontinalis °
Goldfish Carassius auratus ° ° ° ° ° °
Carp Cyprinus carpio ° ° ° ° ° °
Tench Tinca tinca ° ° ° °
Rosy Barb Puntius conchonius
Roach Rutilus rutilus ° °
White Cloud Tanichthys albonubes . .
Mountain Minnow
Redfin Perch Perca fluviatilis ° ° ° ° ° °
Eastern Gambusia | Gambusia holbrooki ° ° ° ° ° ° ° °
One-spot Phalloceros o
Livebearer caudimaculatus
Sailfin Molly Poecilia latipinna °
Guppy Poecilia reticulata °
Green Swordtail Xiphophorus hellerii °
Platy Xiphophorus maculatus °
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Table 4: Current known distribution of pest fish in Australia
(adapted from Lintermans 2004, Kailola, undated, Arthington et al 1999,
Arthington and McKenzie 1997).
Common State/Territory
name
Oscar Astronotus ocellatus °
Convict Cichlid Archocentrus .
nigrofasciatus
Black Mangrove Tilapia mariae o . 5
Cichlid :
Redbelly Tilapia Tilapia zillii °
Three-spot Cichlid | Cichlasoma .
trimaculatum
Victoria Burtons Haplochromis o
Haplochromis bimaculatus
Jewel Cichlid Hemichromis . .
bimaculatus
Mozambique Tilapia | Oreochromis . .
mossambicus
Blue Acara Aequidens pulcher °
Jack Dempsey Cichlasoma D 35
octofasciatum
Oriental Misgurnus ° ° ° ° ? ?
Weatherloach anguillicaudatus
Three-spot Trichogaster trichopterus °
Gourami
Streaked Goby Acentrogobius pflaumii °
Yellowfin Goby Acanthogobius °
flavimanus
° Confirmed to have established populations
> Not reproducing but maintained by constant releases
? Unconfirmed reports, conflicting evidence in literature

5.2 Sampling techniques for freshwater fish

There are a number of techniques that have been employed throughout
the inland waters of Australia to detect fish species and measure their
abundance. The main techniques include electrofishing, traps and cages and
netting. Other techniques include spotlighting, radio-telemetry, hook-and-line
techniques and destructive sampling such as poisoning. Most techniques are
labour intensive and require a number of trained staff to set up, maintain,
check and operate. The specific sampling technique selected and used is
largely dependent on the objective of sampling and the species likely to be
present in an area. Other issues that influence the techniques used include
operator expertise and skills, availability of equipment, costs and feasibility
to site-specific circumstances (eg accessibility). The behaviour and activity of
particular species is also an important variable to consider during the
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Table 5: Sources of information on the distribution and

of alien fish in Australia

abundance

Title/Project Date | Species Data type | Location |Reference

National

National compilation of 2006-7 | Invasive Spatial data, | Australiawide | NLWRA, 1A

significant vertebrate pest vertebrate pests | maps CRC, States and

information Carp Distribution Territories

Abundance

Review of impacts of Introduced Distribution Australiawide | Arthington and

displaced/ introduced fauna species McKenzie 1997

Development of an alert list Introduced Distribution Australiawide | Kailola 2000

species

Fishes of the Murray- 2007 Native and Distribution Murray-Darling | Lintermans 2007

Darling Basin introduced species | Abundance Basin

Baseline environmental June Ornamental fish Climatic range | Australiawide | Arthington et al

data - import of ornamental | 1999 species Distribution 1999

finfish

State/Territory

Lake Eyre Basin Rivers Native and Surveys Lake Eyre http:/fwww.

Assessment Introduced River condition | - SA, QLD environment.gov.
au/

The distribution ... of carp in Carp Distribution Upper Murray | Gilligan and

the upper Murray River Abundance River Rayner 2007

Mapping the current Carp, goldfish, Surveys SA Murray- Smith and

distribution of fish in South- tench, redfin and maps Darling Basin | Hammer 2006

Australian Murray-Darling perch, rainbow Distribution

Basin and brown trout, | Abundance

gambusia

A biological survey of the Native and Exotic | Distribution SA Murray Brandle 2002

Murray Mouth Reserves Abundance River

Fish in the Upper 9 introduced Distribution Upper Lintermans 2002

Murrumbidgee catchment species Abundance Murrumbidgee

Fisheries Long-term 2000- | Native and Exotic | Survey data Selected Qld | Jebreen et al

Monitoring Program: 2001 river systems | 2002. See: http://

Freshwater Report www2.dpi.gld.
gov.au

Distribution of introduced 10 introduced Distribution WA Morgan et al 2004

freshwater fishes in WA species Maps

Lakes Sorell and Crescent | ongoing | Carp Abundance Lake Sorell Inland Fisheries

Carp Management Program and Crescent | Service 2000

Lake Richmond Fish 2 introduced Presence Lake Rose et al 2004

Survey - 2nd survey species Abundance Richmond WA

Dept. of Territory and >May | Native and Distribution http://www.tams.

Municipal Services (ACT) | 2005 introduced Abundance act.gov.au/live/

report series environment/
native_plants_
and_animals/

report_series

Review of alien fish monitoring techniques, indicators and protocols




design of sampling programs. The level of fish activity may be influenced by
biological and environmental variables such as behaviour, time of day and
water temperature (Faragher and Rodgers 1997, Poos et al 2007). Variables
such as population size, structure, behaviour, and habitat preference may
necessitate the use of a wide range of sampling techniques and equipment to
obtain a representative sample from an area.

Some techniques present a number of risks that operators need to be aware
of during the design and application of sampling. Careful evaluation of the
advantages and disadvantages (such as potential non-target species’ impacts
and longer term adverse effects) of each technique needs to be undertaken
prior to application of sampling techniques.

5.2.1 Electrofishing

Electrofishing is a non-lethal active sampling technique, most effective in
clear, shallow waters (less than 4 metre depth; ie rivers and lake margins).
Electrofishing can be undertaken from a boat for large stream and water
bodies, or from portable backpack or bank-mounted systems for smaller
creeks and ponds. Both approaches use a controlled electric current applied
to a water body using electrodes that induces a physiological reaction in the
nervous system of fish. Depending on distance and orientation of the fish
from the anodes, the reactions can range from mild muscular movements to
electronarcosis and result in affected fish exhibiting involuntary swimming
patterns, irregular orientation, immobilisation or floating to the water surface
(Backiel and Welcomme 1980).

Regarding the suitability of electrofishing, it is best to undertake electrofishing
at sites where water turbidity is low and water conductivity is mid-range
(100-500 p S cm -1) (Faragher and Rodgers 1997). Sampling can involve a
number of electric shocks or multiple passes of a river channel. The practice
often varies with habitat type and area. All species and sizes of fish are
susceptible to the electric field, but some species are more sensitive to the
electric current than others. Other factors that influence the effectiveness of
electrofishing include: operator experience, fish size, water conductivity and
degree of electric stimulation (Faragher and Rodgers 1997). Understanding
the sensitivity of species is important when designing and implementing
sampling, for instance, the oriental weatherloach does not float when shocked
(Keller and Lake 2007). Once immobilised, fish are usually collected from the
water using a dip net or equivalent, and temporarily stored for identification,
examination and recovery before being released.

5.2.2 Electroseining

A method not widely employed in Australia, electroseining involves the use
of a modified electrofishing system consisting of two arms that extend out
from each side of an electrofishing vessel (Gilligan et al 2005). Haul nets are
used simultaneously to herd fish along the waterway to facilitate the harvest
of shocked fish. Operation of an electroseine requires a minimum of four
personnel to operate the boat, support boats and the setting and retrieval of
the haul net (Gilligan et al 2005).
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5.2.3 Traps and cages

There are a number of trap designs and techniques that can be implemented
to detect the presence of a pest fish species in waterways. Traps and cages
are usually constructed from wire, timber, metal, netting or plastic products
which can be stationary (fixed location) or portable. Traps have been used to
sample adults and juveniles of both migrating and resident fish species (Food
and Agriculture Organisation of the United Nations 2001, Smith 2006a).

5.2.4 Gee traps

Gee traps are small oval funnel traps (approximately 350 mm long and 200
mm in diameter) often constructed from galvanised wire mesh (3 mm square
mesh) with a funnel-style entrance in each end that tapers to a narrow 15
mm opening. Gee traps are suitable for detecting the presence of small fish
(ie <150 mm length) and can be used in a variety of habitats. While it is
not essential to bait Gee traps, baiting has been identified as significantly
increasing trap success. They are a non-destructive sampling method,
involving trap and release principles (Faragher and Rodgers 1997). Gee traps
can be modified to trap a range of different sized fish species.

5.2.5 Bait traps

Baited fish traps are generally small traps (approximately 40 cm long, 24
cm deep and 24 cm wide) with large entrance holes (approximately 7 cm
in diameter) (Smith 2006a). A wide variety of bait types have been used to
lure fish into bait traps. Some bait types include flavoured cat or dog food,
cyalume chemical light sticks and soap (Baldwin et al 2005, Smith 2006a). This
method has been reported as being effective among submerged vegetation
and grasses but can be used in a variety of waterbodies (Baldwin et al 2005,
Smith 2006a).

5.2.6 Williams’ cage

The Williams’ cage is a low-cost automated trap/drafting device suitable
for installation in vertical slot fishways (Stuart et al 2006a, Stuart et al
2006b, Gilligan and Rayner 2007). It has been designhed as a tool for carp
management, allowing native fish to proceed upstream while trapping carp
(Stuart et al 2006a). The carp-specific design of the Williams’ cage capitalises
on the natural jumping behaviour of carp and their regular movement through
fishway bottlenecks (Gilligan and Rayner 2007). The trap consists of two
compartments separated by an adjustable-height jumping baffle. The first
compartment entraps a range of fish, but the second stage entraps carp only
in a secure holding cage (Stuart et al 2006a). A lifting false floor and native
fish exit gate allow non-jumping fish to be released (Stuart et al 2006a).

While the Williams’ cage is primarily used as a control technique for carp, it
can be used to monitor the presence of species, and has the potential to be
modified for other species.

The MDBC is currently developing and testing a number of designs of the
Williams’ cage that have been developed through a cooperative project
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between the Arthur Rylah Institute (Victorian Department of Sustainability and
Environment), Goulburn Murray Water and the MDBC (Stuart et al 2006a).

5.2.7 Netting

There are a number of netting techniques available for monitoring fish species.
Netting designs are highly varied in a range of sizes, colour, mesh size and
material, and they also range in how they are suspended (hanging and rigging)
(Backiel and Welcomme 1980). These aspects are known to influence the size
and species they catch. There are a number of additional net design features.
Nets can be erected perpendicular or parallel to the water edge, looped or in
a straight line, anchored or drifting with water current, or used in combination
with other techniques such as scaring techniques to drive fish towards them
(Backiel and Welcomme 1980). There are five main net types used for fish
sampling, described below.

a. Seine nets

Seine nets are large, robust nets that are usually several metres long with a
width equal to or greater than the water depth (Adamus and Brandt 1990).
A seine net is usually dragged through the water by people or powered
watercraft, entrapping fish as it is pulled through the water and when the net
is finally enclosed or dragged onto shore (Baldwin et al 2005). The length of
a seine net can be modified to sample larger areas of habitat (Baldwin et al

2005). 39
b. Gill /panel nets

Gill or panel nets characteristically consist of a series of gillnet panels
constructed from monofilament or multifilament line joined to form a wall of
netting which entangles