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Foreword
The Murray—Darling Basin is one of the most degraded river systems in Australia. This
systematic decline in the condition of the Basin’s aquatic habitats has occurred during the last
two centuries and has had a profound impact on the native fauna and flora, including its native
fish. In contrast, alien fish species are one of the symptoms of a system under stress. The Native
Fish Strategy (NFS) was developed to provide a strategic response to address the key threats to
native fish populations in the Basin. It is designed to bring all levels of the community together to
rehabilitate native fish populations throughout the next 50 years. Alien species are recognised as
a key threat to native fish and this is acknowledged with a key driving action of the NFS
designated to controlling alien fish species.
Twelve alien fish species currently inhabit the Basin, with Carp (Cyprinus carpio) being the most
well known and the species that has received the most attention to date. Although Gambusia
(Gambusia holbrooki) is not as well known, it is one of the most significant alien fish in the
Murray—Darling Basin. The Sustainable Rivers Audit shows that it is now present in all 23 river
valleys of the Basin and is at times dominant in its abundance. Despite being a small fish,
Gambusia can have significant impacts, particularly on small native fish and on frog species,
including a number of our most threatened species. Gambusia is not just a problem for the Basin.
It is also recognised as one of the most prolific and widespread alien fish in Australia, largely
stemming from misguided attempts to spread it as a biological control for mosquitoes in the
1920’s. Not only was this process a complete failure in controlling mosquitoes, it sowed
numerous seed populations of Gambusia throughout large parts of mainland Australia. Gambusia
has continued to spread ever since. It is now present in all mainland states of Australia (and was
recently introduced to Tasmania). Similar experiences have occurred overseas with the
introduction of Gambusia – either Gambusia holbrooki or Gambusia affinis – to New Zealand, 33
states in North America, including Hawaii, and Southern Europe.
If there is a bright side to this tale, it is that many researchers are now studying this fish and there
is a large collective effort devoted to attempts to control Gambusia. Despite its small size,
Gambusia is ‘visible’ to the community – it is often abundant and is a fish that community
members frequently encounter in their local waterways – and this often generates interest. This
makes Gambusia attractive to those community groups who want to become involved in
management activities to protect their waterways. Unlike many of the larger alien fish species,
there are practical control methods for Gambusia that can be deployed by community groups and
significant local success stories are possible.
The Murray—Darling Basin Authority is only one investor in research and management activities
for Gambusia. There are many others, across Australia and in other parts of the world.
Consequently, the MDBA saw this as an opportune time to facilitate sharing of knowledge and
experiences with this fish. This Forum has a strong focus on information sharing and has three
main objectives:
1. to share the collective knowledge gained from people working in research, management
and those taking practical action in the field
2. to help facilitate communication and networking between people working on Gambusia
3. to provide an opportunity to identify current knowledge gaps and to provide management
guidance for the future of Gambusia in the Murray—Darling Basin.
The Forum has attracted presenters from the USA, New Zealand and six states of Australia, with
over 60 attendees from a range of interests in Gambusia. It is hoped that this event provides
attendees with new insights into Gambusia and its management and that these proceedings
become a useful reference, collating a range of different experiences with Gambusia. It is hoped
that the Forum will represent a first step in establishing an ongoing communication network
between those working on Gambusia whether they are researchers, managers or those at the
coal face working with communities to control this pest. Ultimately this can only help efforts to
reduce the large ecological impact of this small alien fish.
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Gambusia: A review
Graham H. Pyke
Australian Museum and Macquarie University

Objectives / background
Since the joint discoveries around the beginning of the 20th century, that malaria is carried by
mosquitoes and fish of the genus Gambusia will eat mosquito larvae, two species of this fish
genus (i.e., G. affinis and G. holbrooki) have been transported and introduced around the world
as mosquito-control agents, and are now collectively the most abundant and widespread
freshwater fish in the world (Pyke 2008). Australia was a part of this process, receiving the first
introductions of these fish for the purposes of mosquito-control, into the eastern half of Australia
in about 1925—1929 (Lever 1996; Lloyd et al. 1986; Myers 1965) and into Western Australia in
about 1934-1935 (Lever 1996; Merrick & Schmida 1984). The Murray—Darling basin received
Gambusia in about 1927 (Lloyd et al. 1986). Through an accident of history, Australia received G.
holbrooki from the east coast of the USA via Italy, while nearby New Zealand received G. affinis
(Pyke 2008).
Interest in Gambusia, as judged by the number of associated scientific publications, has
generally increased over the years. Internationally, there was little interest in these fish until they
began being spread around the globe in the interests of mosquito control (Fig. 1). This interest
showed a slight peak at around the time of the Second World War when the military and health
authorities combined to distribute these fish very broadly, largely because of concern about
malaria (Fig. 1). Then, in the 1960s, with heightened concern, in general, about human impacts
on the environment through increasing population size (Ehrlich 1968) and pollution (Carson
1962), and with growing concern about the potentially adverse impacts of Gambusia on the
environment, interest in these fish began to increase steeply and has continued in this fashion
ever since (Fig. 1). In Australia, the pattern has been similar (Fig. 2).
Despite this large increase in interest in Gambusia and the large scientific literature that has
resulted concerning these fish, some important aspects of its biology remain poorly understood.
We have scant knowledge, for example, of the factors that control distribution and abundance of
Gambusia and of how these factors operate, and of other aspects of the population biology of this
fish (Pyke 2008). Without such knowledge we can hardly begin to manage Gambusia populations
(Pyke 2008).
However, there is now much evidence, both in Australia and elsewhere, that Gambusia can, and
typically does, have negative impacts on native animals, especially fish and frogs (Pyke 2008).
This evidence ranges from anecdotal observations and simple correlations (e.g., relatively few
native fish in water bodies with high densities of Gambusia; Hoy et al. 1972; Hoy & Reed 1970),
to experimental mesocosms (Baber & Babbitt 2004; Caiola & de Sostoa 2005; Rogowski &
Stockwell 2006), to field experiments in the wild (Walters & Legner 1980). Hence, as pointed out
by Rowe et al. (2008), this evidence does not all contribute equally to this assessment of
Gambusia, nor to what they term the ‘burden of proof’ in this regard. However, the evidence is
consistent, there is apparently no contradictory evidence, and the assessment should stand.
However, the magnitudes of any negative impacts of Gambusia in particular situations are largely
unknown. It is only from field experiments that impacts can potentially be quantified and such field
experiments are relatively rare (Walters & Legner 1980). In Australia, there have been few
experimental evaluations of possible negative impacts of Gambusia and these have all been
carried out in either a laboratory situation (Becker et al. 2005; Hamer et al. 2002; Komak &
Crossland 2000; Lane & Mahony 2002; Pyke & White 2000; Willems et al. 2005) or in small
outdoor ponds or tanks (Howe et al. 1997; Morgan & Buttemer 1996).

MDBA Gambusia Forum 2011

5

The environmental ‘costs’ of any negative impacts of Gambusia are also unknown. Though
Gambusia has clearly affected the ecosystems into which it has invaded or been introduced, our
ability to define and measure any ‘costs’ associated with such ecosystem changes remains very
limited.
It is therefore presently difficult or impossible to estimate the overall ‘costs’ of having introduced
populations of Gambusia, and hence the potential benefits of controlling their numbers or
eliminating them.
It is also virtually impossible to estimate any ‘benefits’ that might accrue from the presence of
Gambusia. The introduction of Gambusia into water bodies has been a part of programs aimed at
controlling disease-carrying mosquitoes throughout much of the world for a long time and there
has been widespread belief that such programs have been successful (Pyke 2008). However,
anti-mosquito programs are typically ‘integrated’ in the sense that they involve the simultaneous
application of a range of actions designed to reduce contacts between humans and diseasecarrying mosquitoes, and this makes it very difficult to differentiate any potential effects of the fish
from other effects (Burkot et al. 2009). Hence, the extent to which Gambusia contributes to
human health through control of mosquitoes and the diseases they carry remains unclear (Pyke
2008). Because of the adverse environmental effects of Gambusia, its use in the context of
mosquito-control has decreased considerably and it has largely been replaced in this regard
(Ramirez et al. 2009). However, Gambusia continues to be used to combat mosquitoes in some
parts of the world, especially in areas where malaria and other mosquito-borne diseases continue
to plague human health (Karimov et al. 2008; Noumsi et al. 2005).
It has been suggested that, in Australia, Gambusia has nil benefit in terms of the environment or
any aspect of human well-being (Rowe et al. 2008). It is generally viewed as being either
‘nothing’ or a ‘nuisance’, and throughout Australia it is regarded as a pest or noxious species
(Rowe et al. 2008). This view seems well justified (Rowe et al. 2008), but the implications for
human health that would be associated with either more or fewer Gambusia are unclear. Though
malaria is not presently a major issue in Australia (Fitzsimmons et al. 2010), there are other
human diseases in Australia that are carried and transmitted by mosquitoes, including Barmah
Forest, Ross River and Dengue viral infections (Jardine et al. 2008; Jeffery et al. 2000; McBride
2010). The extent to which Gambusia or any other fish species contributes to the control of these
diseases is unclear.
In situations where Gambusia is assessed to have significant negative impacts on the
environment, while having no apparent benefits, attempts to control or eliminate it may be
appropriate (Pyke 2008; Rowe et al. 2008). However, such attempts have so far had mixed
results and this fish has proven extremely difficult to control (Pyke 2008; Rowe et al. 2008). Its
abilities to tolerate a wide range of physical and chemical conditions make it something of a
‘superfish’, perhaps requiring the equivalent of ‘kryptonite’ to bring about its demise. Further
research in this area is clearly required.
A widely adopted view, both in Australia and elsewhere, is that native fish are generally as
effective as Gambusia at controlling mosquito numbers and hence mosquito-borne human
disease, and subsequently, that any mosquito-control program should use one or other native
fish species rather than Gambusia. In Queensland, for example, the Department of Primary
Industry & Fisheries recommends using native fish such as the Pacific Blue-eye (Pseudomugil
signifier) for mosquito control in preference to Gambusia (Queensland Government - Department
of Primary Industry & Fisheries 2008). However, while it is clear that some native fish will eat
mosquito larvae and, from an environmental perspective it is obviously preferable to introduce
native fish into water-bodies rather than Gambusia, the evidence regarding this issue remains
sadly deficient (Pyke 2008). There is a clear need for further research on the population biology
of mosquitoes and the effectiveness of various measures that may be taken to combat their
adverse effects on human health.
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It must also be remembered that our climate is changing and will continue to change through
humanity’s emissions of carbon dioxide and other greenhouse gases into the atmosphere
(Intergovernmental Panel on Climate Change 2007). This means that conditions may become
more or less suitable for Gambusia and the same may hold for mosquitoes and the diseases they
carry (Inglis 2009; Patz et al. 2007; Russell & S.A.J.O.E.P. 2009). We clearly need to better
understand and be prepared for these changes.
It therefore seems to me that there are the following major gaps in our knowledge and that we
need to take steps to overcome them:







population biology of Gambusia, including the factors that control distribution and abundance
and how these factors operate
effects of changes in Gambusia abundance on other components of the ecosystem
methods for controlling or eliminating populations of Gambusia
population biology of alternative native species to Gambusia in mosquito-control programs
and assessments of any impacts from introducing them into water-bodies
population biology of mosquitoes and the human diseases they carry, and evaluation of the
effectiveness of various programs aimed to reduce or minimise such diseases
likely effects of climate change on all of these.
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Questions & answers session
Q - You mentioned rotenone and lime as two methods of removing Gambusia and that they
impacted eels. Do these chemicals have an impact on tadpoles?
A- Rotenone doesn’t affect tadpoles but lime does.
Q- Does rotenone affect other native fish?
A- Yes it is a fish toxin. However, at low concentrations it is an anaesthetic, so some fish can
recover but a lot are lost.
Q- Did you know there were Gambusia in the golf course ponds (case study given during
presentation) before applying rotenone?
A- Yes, there were Gambusia present. The aim of exercise was to introduce the Green and Gold
Bell Frog and we had observed good results where tadpoles metamorphosed into frogs where
Gambusia were absent – but none where Gambusia were present. Why weren’t gambusia killed?
They may not have been killed because they burrowed into the mud and escaped the rotenone;
or perhaps they died later when they weren’t observed? We couldn’t test either hypothesis at the
time. However, although Gambusia weren’t killed on this occasion (in the golf course ponds), they
were killed in other control work.
Q- Have there been population biology studies undertaken in the native range of Gambusia in the
USA?
A- David Jenkins, the next speaker, will discuss some work he has undertaken.

Q- You mentioned that there have been over 2000 studies done on Gambusia. What kind of
studies were they? What proportion was done in Australia?
MDBA Gambusia Forum 2011

9

A- A broad range of studies (almost any study you can imagine) e.g. physiology, behavior,
genetics etc., but very little on population biology because it is inherently more difficult to study.
Geographically, studies were done all over the world, including Australia.
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Number of scientific articles that relate to Gambusia published per decade up to end of
2009 (Obtained by searching the bibliographic databases BIOSIS, Web of Knowledge and
Zoological Record for articles relating to Gambusia, combining these searches and
eliminating duplicates)
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Figure 2:
Number of scientific articles that relate to Gambusia & Australia published per decade up to
end of 2009 (Obtained as subset of articles that are included in Fig. 1 and have the word Australia in their
title, abstract or keywords)
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Biology, movement, and impacts of Gambusia holbrooki in its native
range
David G. Jenkins
Department of Biology, University of Central Florida, Orlando, FL, USA
Objectives / background
A better understanding of the biology of invasive species requires knowledge of its biology in its
native range. Essential features to understand for an influential predator such as Gambusia
holbrooki include life history traits, impacts on other species, and dispersal. Other presentations
during this workshop and publications (especially Pyke 2005 & 2008) thoroughly review the biology,
impacts, and genetics of G. holbrooki in Australia and elsewhere. Here I focus on the G. holbrooki
native range and:
1. set a theoretical context regarding invasive predators
2. review the literature and analyse new data on the potential regulators and impacts of G.
holbrooki in wetlands
3. review the literature and recent results on G. holbrooki movement, plus the implication of those
results for analyses in point 2.
Summary of findings
(1)

Theoretical context. Hypotheses to explain the success and impacts of invasive predators
after introduction to new regions include Enemy Release (e.g., G. holbrooki is released
from its predators and parasites), Competitor Release (e.g., G. holbrooki is released from
its competitors,including related species), Naïve Prey (new prey in the invaded range
have no co-evolved avoidance/repellant adaptations), or the null hypothesis of Propagule
Pressure (e.g., G. holbrooki will increase in numbers and impact if they can access new
habitats, without invoking other interactions). All 3 interactive hypotheses assume that G.
holbrooki density is regulated in its native range, whereas Propagule Pressure assumes
G. holbrooki density is affected by recruitment (dispersal and reproduction) alone. Given
this context, I evaluate below the literature and data for these expectations in the native
range.

(2)

Potential regulators and impacts. Gambusia holbrooki is well known as a predator, but
relatively little is known about predators or competitors of G. holbrooki. Piscivorous fish
may regulate G. holbrooki density in lakes and ponds, but numerous shallow wetlands are
also important habitat in the native range. Inconsistent evidence (reviewed by Pyke 2008)
suggests other factors (e.g., habitat complexity, hydroperiod, access) also drive G.
holbrooki density. At this point, we must assume that other fish, aquatic snakes, and
wading birds constitute main predators of G. holbrooki in its native range, of which other
fish are likely most important as both predators and competitors. Parasites remain an
under-assessed but likely important regulator of G. holbrooki populations in its native
range. G. holbrooki have been observed to have strong direct and indirect effects on
invertebrates and amphibians, especially when G. holbrooki is non-native, though results
are again quite variable (Pyke 2008) and it is unclear if native prey have co-evolved
beyond naïvete.
Given potential multicausality (above), I applied structural equation modelling and multiple
regression to data on 40 seasonal wetlands embedded in semi-natural and highlymanaged pastures in Florida. Structural equation modelling is regression-based and
enables tests of a priori, multicausal hypotheses. Relationships between G. holbrooki,
other fish, invertebrates and anurans were evaluated separate from the effects of land use
on local conditions, as well as regional and local hydrology. I found that G. holbrooki and
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other fish positively covaried and that local conditions (water quality, plant biomass)
affected G. holbrooki and other fish more strongly than regional hydrology. Also, G.
holbrooki and other fish weakly affected invertebrates, and invertebrates affected anurans
more than G. holbrooki and other fish did. These results are consistent with only the Naïve
Prey Hypothesis (see 1. above) – the other three hypotheses are not supported in this
sample of the G. holbrooki native range.
(3)

Movement. Gambusia holbrooki dispersal in its native range has been studied using
indirect measures (population genetics) and direct measures (dispersal experiments). As
for biotic interactions, too little is known. However, two large population genetic studies
(Hernandez-Martich & Smith 1990; 1997) found substantial genetic differentiation with
elevation in river basins, suggesting flow limits dispersal. However, much genetic diversity
also exists within populations, consistent with much dispersal among populations in the
long term. Flow reduces G. holbrooki dispersal and females swim downstream in flow
(Rehage & Sih 2004), but in the absence of flow, G. holbrooki disperse rapidly given as
little as 3 mm depth (½ mean body height) and an unobstructed pathway (Alemadi &
Jenkins 2008). Those results extrapolate to G. holbrooki spreading >800 m/day. Given
little/no flow in the Coastal Plain wetlands analysed in (2) above, propagule pressure was
likely consistent among wetlands, resulting in the absence of a detectable effect. Similar
patterns may also exist in the relatively flat Murray—Darling Basin.

Key messages
 Invasive predator theory can guide research on G. holbrooki and may help management.
 Literature on native biology is mixed and represents a partial research record, unequal to
global effects of G. Holbrooki.
 Analyses support only the ’naïve prey‘ hypothesis of invasive predator theory – no
evidence exists for enemy or competitor regulation of G. holbrooki in Florida seasonal
wetlands.
 Indirect and direct evidence indicate high potential for dispersal (e.g., >800 m/day) but
sensitivity to flow, which may explain the absence of propagule pressure effects in
analysed data.
Management / Research recommendations
 The results analysed here do not point to a Cactoblastis-style management approach
because predation and competition effects were not indicated. Parasites may regulate G.
holbrooki in its native range, but are largely unknown and would require very careful study
as potential biological control agents before introduction.
 Instead, slow-flowing waters of the Murray—Darling Basin may need comprehensive
dispersal barriers to control G. holbrooki access into key habitats that should remain
fishless, such as some seasonal wetlands. Points of access control in permanent waters
may include irrigation pump stations, spillways, and dams.
Knowledge gaps
 Coordinated and comparative evaluations of potential biological regulators (predators,
competitors, parasites) in native and invaded ranges.
 Coordinated and comparative evaluations of dispersal dynamics in native and invaded
ranges, including a range of flow rates, in variable flow regimes and in more realistic
conditions at low/no flow (e.g., to test the >800 m/day extrapolation).
 Coordinated and comparative evaluations of G. holbrooki trophic ecology in native and
invaded ranges (e.g., matched experiments, stable isotopes).
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Questions & answers session
Q- You looked at predator/predation using structural equation models. Did you do predation
trials?
A- No, I just correlated densities with densities and predicted I would see strong results in the
wading pools.
Q- What about habitat complexity in the ponds compared with shallow water habitats in
Australia?
A- There were no large predators in the system but the habitat was quite complex with thick plant
mats in the shallows.
Q- Do you think your movement experiments were biased due to the lack of habitat complexity?
A- Yes, it was a very controlled artificial system. If leaf litter was added they did not move,
however when the water depth was increased, they would move over the cover.
Q- During flooding do they seek cover and not move?
A- Given sufficient water depth, they will move over the top of leaf litter and grass cover.
Q- Did they exhibit any diel patterns in activity?
A- There was no significant difference between day and night – they moved at either time. We
have also seen them moving during the day in the field and they are also seen as quite active
during the night.
Q- Their capacity to move reminds me of cane toads; 3 mm is only half their body height?
A- They move in an upright position (3 mm still means that half their gills are exposed) – using
their tail and fins to move, not on their side.
Q- What about their salinity tolerance?
A- The literature indicates up to 30-45 ppt. In Florida, it is quite possible that they have no
problems moving along the coastline.
Q- Is dispersal density dependent?
A- I don’t know. But they can tolerate high densities. I believe some work was done on this last
year.
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Q- How did the Gambusia numbers compare with those of other fish species?
A- They were dominant numerically.
Q- Did some ponds have lower abundance?
A- Yes, for example, one pond had no Gambusia and others had 100-200.
Q- Did you look at partitioning the ‘other fish’ data into competitors and predators?
A- I decided not to – Gambusia are quite omnivorous and able to switch prey.
Q- Are there places in Florida where Gambusia are not so abundant, say less than 50% of the
population?
A- Yes, in deeper water, where you would possibly have the young of other predators.
Q- So what would help determine what regulates the population?
A- Doing similar studies in a broader range of habitats with larger/more predators may help? The
study sites were chosen because of their importance as “capillaries” of the freshwater systems in
Florida.
Q- Looking in areas where they are in smaller densities may be a good place to start?
A- Yes.
Q- Did you sample at the end of the overwintering period, females only?
A- They are seasonal wetlands going through a dry/flood cycle. The Gambusia are new imports
or the result of reproductive events. So we sampled after new reproductive events. Wetlands only
stay wet for about 8 months.
Q- Carbon resource partitioning – were there any studies done on this? What is their petitioning
of food resources – will they push others out of niches? Can they invade if carbon pool is less
than 100%?
A- No particular studies were done on this.
Q- Can they invade a natural (pristine) environment?
A- They are flexible in what they eat so they could sustain populations.
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Objectives/background
Native to North America, Gambusia holbrooki and its sister species, G. affinis, have collectively
been introduced into over 67 countries worldwide (Garcia-Berthou et al. 2005) predominately for
mosquito control (Krumholz 1948). However, the global distributions of G. holbrooki and G. affinis
are unclear because of complex introduction pathways and taxonomic changes (Pyke 2008).
Gambusia affinis and G. holbrooki were recognised as subspecies of G. affinis until 1988
(Wooten et al. 1988). It is unclear in some instances which species was involved in introductions
and studies prior to this time.
Gambusia holbrooki is one of six Poeciliid species introduced into Australia (Koehn and
Mackenzie 2004). There are limited records about the introduction history of Gambusia holbrooki
to Australia and their establishment. Past records and publications on Australian Gambusia often
refer to G. affinis. This caused confusion regarding which species is present, until Lloyd and
Tomsav (1985) morphologically identified Australian specimens as G. holbrooki. According to
Wilson (1960), Gambusia spp. were present in Australia as an aquarium species before being
released into natural environments. Specimens from a Sydney aquarist were first released into
Brisbane streams in 1925 (Wilson 1960). In 1926, stocks imported from Italy were established in
Sydney and then also released into Brisbane (1929) and other areas of Queensland and New
South Wales (Wilson 1960). Gambusia spread into Victoria, South Australia (1930s), Western
Australia (1934) and Northern Territory 1940 (Wilson 1960). More recently in 1993, they were first
reported in Tasmania (Keane and Neira 2004). It is unknown whether multiple imports into
Australia occurred.
The objective of this study was to explore genetic patterns associated with the spread of G.
holbrooki in its invaded range in south-eastern Australia and verify the morphological
identification. We sampled 60 G. holbrooki populations (n = 1771) from Brisbane, Sydney,
Canberra, Melbourne and Adelaide and characterised their genetic diversity and variation using
five polymorphic microsatellite markers (Gafµ 2, Gafµ 3, Gafµ 5, Gafµ 7 and Mf-13) and
sequence from two mitochondrial genes (cytochrome oxidase subunit I and cytochrome b).
Methods are similar to those described in Ayres et al. (2010). Data was analysed using various
genetic data analysis programs.
Summary of findings
 Low diversity and high levels of population genetic structuring of G. holbrooki in southeastern Australia.
 Microsatellite diversity was reduced compared to native populations.
 Reduction in observed heterozygosities and allelic richness from Sydney, Brisbane,
Canberra, Melbourne and Adelaide.
 Evidence of recent bottleneck events for most populations.
 Strong genetic structuring between populations was weakly associated with geographic
distance and strongly related to the region where fish were collected.
 Mitochondrial DNA diversity was low with two haplotypes found throughout all populations
studied.
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 The cytochrome b sequences were identical to G. holbrooki haplotypes Hol1 and Hol5 in
Vidal et al. (2009).
 Cytochrome b diversity was lower than cytochrome b diversity in G. holbrooki from their
native range and introduced European range.
Key messages
 In our study, we have not detected G. affinis and only G. holbrooki seem to be present in
south-eastern Australia.
 Low diversity and high levels of population genetic structuring of G. holbrooki in southeastern Australia.
 Results suggest a repeated history of introduction using a small number of founders from
two maternal lineages.
Management / Research recommendations
 Localised populations with similar genetic structure should be considered the same
management unit.
 Eradiation and control should target isolated populations, as indicated by high levels of
genetic differentiation. These populations would also be useful as trial sites for eradication
and control methods.
 Community education and engagement is necessary, particularly in areas where genetic
results suggest human-mediated dispersal.
 Further research is required to evaluate the population genetics of G. holbrooki from
Western Australia, Tasmania and regional areas.
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Questions & answers session
Q-You sampled within regions, how geographically close were the locations that samples were
taken from?
A- It varied. Some upstream and downstream sites were up to 5-10 km apart. Some sampling in
isolated wetlands and adjoining creeks were only about 200 m apart.
Q- What about population bottlenecks – lots of populations seem to have gone through these?
Did it make any difference to genetic variation within populations?
A- This is an area that requires further research – population genetics. For example, to see how
genetics varies after winter or control measures and how the new population establishes over
time. Females store sperm from a number of males and this will be important in the genetics of
the resulting populations.
Q-Why isn’t inbreeding depression a problem?
A- I was able to show that it was actually happening in some populations, but somehow
Gambusia is obviously getting over that - I don’t know how though.
Q- Were your South Australian and Canberra samples from the Murray—Darling Basin?
A- Yes, from Canberra. Most of the samples around Adelaide were localized (so no) but there
were a couple of populations from Mt Barker. Overall, I have samples from 120 sites but have
only been able to test 60 so far.
Q- Are your samples from single or multiple years?
A- Only at one point in time, I haven’t looked at changes over time but that would be an
interesting study.
Q- Microsatellite markers from the literature (Zane et al.) do they work?
A- We trialled all markers but only used those that showed variation (5 showed variation) – we
did not use the 4 monomorphic (no variation) markers and 1 was ambiguous.
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Lessons from the west: a review of Gambusia in Western Australia
Stephen Beatty and David Morgan.
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Objectives / background
The Eastern mosquitofish (Gambusia holbrooki) was introduced into Western Australia in 1934.
We discuss the various studies that have assessed the ecology and impacts of this species in the
State. This includes the contemporary distribution, behavioural studies relating to its aggressive
nature, studies on the biology, ecology, parasites and disease of the species.
Summary of findings
 Distribution in Western Australia (Figures 1 and 2) is largely confined to the South West
Coastal Drainage Division between the Hill and Palinup rivers (Morgan et al. 2004). The
species is also found in some rivers of the southern Pilbara including the Irwin, Chapman,
Greenough and Hutt rivers. Isolated populations were previously known to occur in artificial
waterbodies on the North West Cape near Exmouth and Beagle Bay (Kimberley) (see
Morgan et al. 2004), but recent control measures resulted in their removal.
 Reproductive period is protracted in the south-west and occurs over a six month period in
the Collie River (October – May 1984-1985) (Pen and Potter 1991). Maturity is attained at a
young age in individuals born early in the reproductive season.
 Tank experiments revealed a direct correlation between G. holbrooki density and fin
damage to the endemic western pygmy perch (Nannoperca vittata) (Gill et al. 1999). Field
examination revealed a higher level of fin damage to native species in wild systems that
were degraded and lacked cover (i.e. habitat).
 Morgan and Gill (2000) surveyed 123 sites across different habitat types in the south-west
(Margaret River – Broke Inlet), and of the 25% of sites that contained G. holbrooki, >50%
were either secondarily salinised or regulated (artificially lentic).
 Gambusia holbrooki has been replaced by one-spot livebearers (Phalloceros
caudimaculatus) in at least one system in the south-west (i.e. Bull Creek) (Maddern et al.
2008). The replacement mechanisms may be related to the latter species being
omnivorous, having smaller size at maturation and undergoing perennial breeding.
Although a replication of the fin-nipping trials of Gill et al. (1999) conducted for P.
caudimaculatus revealed no evidence of fin-nipping aggression (Maddern et al. 2003).
 Marina et al. (2008) demonstrated that G. holbrooki had the lowest prevalence of Lernaea
sp. infestation of all fishes examined in the south-west (four natives, three introduced).
Lymbery et al. (2010) demonstrated that overall prevalence of parasites was lower in G.
holbrooki compared to 10 south-west native fishes.
 Physical removal attempts have been successful in limited cases, including, upper
Margaret River and water supply reservoir drainage projects.
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Figure 1: Distribution of Gambusia holbrooki in Morgan et al. (2004).
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Figure 2: Most recent south-west distribution (Morgan and Beatty, unpublished)
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Key messages
 A considerable amount of information on the species exists in Western Australia.
 Gambusia holbrooki is widespread, and although there is some historical (particularly Mees
1978) notes on its distributions, the rate of spread is poorly understood. Much of their
current spread appears to be within newly constructed ornamental lakes in the metropolitan
area.
 Generally favours altered (regulated, salinised, eutrophic) habitats.
 The species has life-history traits enabling rapid colonisation of new environments.
 Aggressive with both tank trials and field evidence of fin-nipping (varies with species, size
and habitat complexity).
Management / Research recommendations
 A freshwater fish strategy is required for Western Australia that should include a feral fish
strategy.
 A study updating the species (and other feral species) distribution, impact and case studies
of control may be useful to guide the above strategy.
Knowledge gaps
 More effective and broadly applicable control measures (as with elsewhere).
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Questions & answers session
Q-You mentioned figure of 5% parasite infection, how does this compare with native fishes?
A- All exotic species have a lower parasite infection rate than native fishes. Gambusia had a
higher rate of infection than other exotics. It should also be noted that high parasite load is not
necessarily completely bad.
Q- Climate change is likely to have serious impacts on natives. Do you think that Gambusia will
take over and natives die out?
A- I expect the South West tip of Western Australia and the salamander fish will be most
vulnerable — but this relates to groundwater and not flow. There will be more impacts felt in the
marginal areas — areas where native fish are currently ’holding on’ in the presence of Gambusia.
Q- Is there evidence that Gambusia form part of the diet of fish in WA — natives or ferals like
redfin perch?
A- There is no evidence that they form a significant part of the diet of fish, even for ferals like
redfin perch.
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Impacts of Gambusia on New Zealand indigenous fish
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Objectives / background
Gambusia affinis (western mosquitofish) was introduced to New Zealand from Hawaii in 1930 and
is now common and widespread throughout the northern North Island with scattered populations
elsewhere in the North Island. These fish are typically abundant in littoral vegetated habitat of
shallow lakes, wetlands and slow flowing streams. Populations experience seasonal variability
with significant decreases in fish abundance occurring during winter months. Concerns about
their potential impacts on native freshwater fish have resulted in a number of studies examining
direct (predation) and indirect (competition) impacts on two native species: inanga (Galaxias
maculatus) and black mudfish (Neochanna diversus). Research has been conducted on both
species, both in laboratory aquaria and in natural field locations.
Summary of findings
Aquarium trials observed significant levels of predation by Gambusia on fry or juveniles of both
species (Baker et al. 2004, Ling & Willis 2005) and of aggression (primarily fin nipping) by
Gambusia on small mudfish adults (Barrier & Hicks 1994) and adult inanga (Baker et al. 2004).
However, predation on mudfish fry could be substantially reduced by the addition of submerged
refuge or by provision of an alternative food source for Gambusia (Ling & Willis 2005). Trials
conducted with mudfish juveniles in much larger and more natural aquarium settings did not
reveal any actual damage to mudfish juveniles from Gambusia aggression although there was
evidence of a significant density dependent competitive impact on mudfish growth and condition
due to selective Gambusia predation on large zooplankton (McDonald 2007).
Studies on wild Gambusia populations found virtually no evidence of predation on other fish.
Gambusia diet in New Zealand is dominated by larger zooplankton and small terrestrial
invertebrates (Wakelin 1986, Mansfield & McArdle 1998, Pingram 2005). However, standard gut
content analyses may underestimate fish predation because small fish remains are more rapidly
cleared from gut contents than other prey items (Ivantshoff & Aarn 1999). Despite Rowe’s (1998)
concerns about increased Gambusia predation on inanga in the Kai Iwi Lakes following a
reduction in trout abundance, a subsequent study (Pingram 2005) showed that trout in these
lakes prey on common bully and inanga but not Gambusia. Increased Gambusia abundance and
concomitant inanga mortalities in Lake Waikere in 1997 following trout removal were therefore
likely due to other causes as proposed by Ling (2004). Habitat partitioning in these lakes
seemingly reduces direct interactions between Gambusia and inanga, with the former frequenting
shallow, littoral, highly-vegetated areas and the latter occupying deeper water around reed bed
margins. A more recent study of Gambusia in urban catchments of Auckland City also found no
significant impacts on inanga recruitment (Nygard 2009). Continuing coexistence of landlocked
inanga and common bully populations in many lakes with Gambusia, decades after introduction
of the latter, implies that any possible impacts of Gambusia are relatively minor. However, Rowe
et al. (2007) proposed that Gambusia may displace inanga into deeper water in locations where
they co-occur.
Studies on black mudfish in a large wetland showed that Gambusia may have some impact on
mudfish larval survival and recruitment at marginal sites but temporal differences in Gambusia
abundance and black mudfish spawning likely reduce this effect, and the ability of mudfish to
survive wetland dewatering by aestivation allows them to occupy habitat unsuitable for Gambusia
(Ling & Willis 2005).
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Key messages
Studies in aquaria reveal significant aggression by Gambusia on early life stages of native fish,
however, studies in more natural settings such as large enclosures or natural habitats imply that
competition is more significant than predation. Continuing coexistence of Gambusia and
potentially susceptible natives such as black mudfish, inanga and common bully suggest that
impacts of Gambusia are limited or that habitat displacement of natives from littoral, vegetated
shallows alleviates direct competition.
Management / Research recommendations
There is little new knowledge to be gained by further aquarium studies of Gambusia aggression.
Further studies of Gambusia impacts in New Zealand should be field-based and associated with
attempts to manipulate Gambusia abundance in natural settings to measure effects on habitat
displacement or expansion of native fish.
Knowledge gaps
Direct observations or unequivocal evidence of Gambusia predation or aggression directed
against native fish in the wild are still lacking and the ecological impacts of Gambusia in New
Zealand will remain uncertain without considerably more field-related studies on native fish
survival and habitat displacement.
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Questions & answers session
Q- There are three introduced Australian frog species in New Zealand, what are you doing to look
after them?
A- Australian frog species are declining but this may be more to do with habitat than Gambusia
(they are also declining in areas where Gambusia are absent).
Q- Did any of the diet studies look at whether Gambusia are consuming mosquito larvae?
A- Mosquito larvae did show up in the diet of Gambusia but in many areas e.g. large lakes,
mosquitoes are not that common.
Q- What are the potential impacts on South Island native species?
A- No work has been done but it can be speculated that impacts would be relatively minor
because most threatened native fishes occur in highland areas with high flows. This is not
Gambusia habitat. In the lower areas the impacts are likely to be the same as for north island
species.
Q- What are habitat conditions like for native fishes in New Zealand?
A- New Zealand has the same habitat pressures as Australia: intense agriculture, increased
nutrients, climate change and rainfall pressures, reducing riparian vegetation etc. The changes
are making habitats more suitable for Gambusia and less so for natives. That is probably more
important than direct Gambusia and native fish interactions.
We must remember to be careful interpreting tank based studies as opposed to field studies
when looking at the distribution of Gambusia in different habitat types.
Q- Gambusia has recently had its status changes from the 6th worst invasive species in New
Zealand to the 4th. In your opinion was this warranted?
A- The risk probably went up because of results from tank trials. We probably have more field
evidence of negative impacts on native fish from species like brown trout but this species is now
ranked below Gambusia.
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Impacts of Gambusia on species richness and abundance in
amphibian communities
Andrew J. Hamer1 and Kirsten M. Parris2
1

Australian Research Centre for Urban Ecology, Royal Botanic Gardens Melbourne c/o School of Botany,
University of Melbourne, Parkville, Victoria; 2School of Botany, University of Melbourne, Parkville, Victoria.

Objectives / background
Fish play a key role in structuring amphibian communities in ponds through predation on their
eggs and larvae (Wellborn et al. 1996; Wells 2007). The impact of predation by fish on these
communities can vary with the density of fish populations and habitat conditions in a pond,
including the length of time a pond retains standing water (hydroperiod) and the degree of
structural complexity (Babbitt and Tanner 2000; Baber and Babbitt 2004). It is generally accepted
that ephemeral ponds support higher amphibian species diversity because they dry out
periodically, eliminating fish populations and thereby improving the survival of more species.
Higher survival rates of amphibian larvae, and therefore higher species diversity, are also
expected in ponds containing a high cover of aquatic vegetation or other habitats (e.g. rocks) that
provide retreat sites for larvae to evade fish predators. Both habitat conditions can increase the
likelihood of larvae surviving to metamorphosis, although this will depend on individual species’
life history and behaviour.
We investigated the impact of the non-native mosquitofish (Gambusia holbrooki) and other exotic
predatory fish on amphibian species richness and abundance in 65 ponds distributed throughout
the Greater Melbourne area of Victoria (Hamer and Parris 2011). Mosquitofish are known
predators of the eggs and tadpoles of Australian frogs (Morgan and Buttemer 1996; Webb and
Joss 1997; Komak and Crossland 2000; Pyke and White 2000) and have been implicated in the
decline of one species (Hamer et al. 2002). We conducted aquatic surveys for tadpoles and fish
during spring and summer 2007–2008 using three sampling methods: (1) bottle traps; (2) fish
traps; and (3) dip-netting. We calculated the mean density of tadpoles and predatory fish
(mosquitofish and redfin perch (Perca fluviatilis)) at each pond. We measured the proportion of
the pond surface area covered by aquatic vegetation and pond hydroperiod (permanent or
ephemeral) as variables of aquatic habitat condition.
We assessed the similarity of the larval frog assemblages at ponds according to three levels of
predatory fish density using a one-way analysis of similarities (ANOSIM) to determine if there
were any differences in the assemblages between ponds containing different levels of predatory
fish density. We determined the effect of predatory fish density, proportion cover of aquatic
vegetation and hydroperiod on (1) the number of frog species detected at the ponds (species
richness); and (2) the relative abundance of tadpoles captured at the ponds, using Bayesian
regression models.
Summary of findings
The mean relative abundance of the tadpoles of six frog species captured during the surveys
ranged from 0.00–0.12 at ponds where predatory fish were present, and from 0.03–6.80 at ponds
where fish were absent (Figure 1). Tadpoles of the southern brown tree frog/ whistling tree frog
complex (Litoria ewingii/verreauxii) were detected in the greatest number of ponds and had the
highest relative abundance, whereas the tadpoles of the Victorian smooth froglet (Geocrinia
victoriana) were detected in only one pond. Litoria spp., southern bullfrog (Limnodynastes
dumerilii) and striped marsh frog (Limnodynastes peronii) were the only species captured in
ponds where predatory fish were present. The mosquitofish was captured in 24 ponds and
accounted for 99% of the total number of predatory fish captured in bottle traps, whereas the
redfin perch was captured at only one site. Predatory fish were present in only 15.4% of
ephemeral ponds, compared to 51.0% of permanent ponds.
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Figure 1: The mean relative abundance (± S.E.) of the tadpoles of six frog species captured in ponds
where predatory fish (mosquitofish and redfin perch) were present and absent in the Greater Melbourne
area, 2007–2008.

There was a difference in the species assemblages between ponds with different densities of
predatory fish (ANOSIM: Global R = 0.26). Tadpoles of the striped marsh frog (Limnodynastes
peronii) contributed the greatest average similarity of assemblages at ponds with a high density
of predatory fish, whereas tadpoles of Litoria spp. contributed the greatest similarity at ponds with
no predatory fish and ponds with a low density of fish.
The density of predatory fish at a pond had a negative effect on species richness; aquatic
vegetation had a positive effect, although hydroperiod had no observed effect. There was strong
evidence of a negative effect of the density of predatory fish and pond permanence on the
relative abundance of Litoria spp. tadpoles (Figure 2), and strong evidence of a positive effect of
aquatic vegetation. Holding all other variables constant, the pond with the highest density of
predatory fish was predicted to have a 39–65% decrease in the number of species, and 0.6–1.9%
of the mean number of Litoria spp. tadpoles, when compared to ponds with no fish present.
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Figure 2: The multiplicative effect of the density of predatory fish and hydroperiod (pond permanence) on
the relative abundance of Litoria spp. tadpoles in ponds in the Greater Melbourne area (means and 95%
confidence intervals). Model numbers refer to the best zero-inflated negative binomial regression models,
ranked according to their Deviance Information Criterion values (Spiegelhalter et al. 2002). All effect sizes
are <1 and so indicate negative effects of the explanatory variables on relative abundance.

Key messages
 Predatory fish such as the mosquitofish are altering amphibian communities around
Melbourne by reducing species richness and the abundance of individual species’ tadpoles
in ponds.
 Ephemeral ponds do not support higher species richness in the region, although there was
a higher abundance of Litoria spp. tadpoles in these ponds.
 Species richness and the abundance of Litoria spp. tadpoles are higher in ponds with a
high cover of aquatic vegetation.
Management / Research recommendations
 Management actions should focus on eliminating predatory fish from ponds to increase
their suitability as amphibian breeding sites.
 This can be achieved by draining ponds (e.g. O’Meara and Darcovich 2008), although
draining needs to be conducted outside the breeding period of frog species in the region to
avoid also eliminating tadpoles.
 Fish poisons such as Rotenone may also be effective in small ponds.
 Ensuring a dense cover of aquatic vegetation in ponds (emergent, submerged and floating)
may improve the chance of tadpoles surviving to metamorphosis in the presence of fish
predators.
 Creating ephemeral ponds in the vicinity of permanent ponds may provide fish-free
breeding sites for amphibians.
 Constructing deeper, more permanent ponds adjacent to existing ponds may also provide
breeding sites, providing they have adequate structures (e.g. levee banks and no
hydrological connections) to prevent infestation by mosquitofish.
 Greater research attention needs to be directed at understanding the turnover (i.e. local
colonisation and extinction) of individual species within frog communities over time, and
how turnover relates to the presence of predatory fish and habitat conditions in ponds.
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Knowledge gaps
 It is not known to what extent aquatic vegetation ameliorates the negative impact of fish
predation on tadpoles.
 The behavioural mechanisms that permit the tadpoles of some Australian frog species to
successfully co-exist (i.e. survive to metamorphosis) with predatory fish are poorly known.
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Questions & answers session
Q- Were Gambusia the only fish present?
A- When we initially sampled water bodies, there were Gambusia, a few redfin perch and
goldfish. We only looked at any fish known to be predatory on tadpoles – we were going to look
at native fish as well, but there ended up being no native fish in this category in the water bodies
we sampled.
Q- Did you record the abundance of dragonfly larvae?
A- I recorded the abundance of invertebrates in traps but the data has not been analysed in
modelling yet.
Q- Did you think of removing the redfin perch data points, there are only three?
A- I didn’t want to restrict it just to Gambusia as the study was more generally on fish impacting
on frogs. I think the data also highlights just how prolific Gambusia were in these systems.
Q- Were there any eels – I am surprised you didn’t get any?
A- I didn’t trap any eels but they could have been present. They may eat tadpoles but I don’t
know this for certain.
Q- Do adult frogs avoid ovapositing in ponds with fish?
A- No Australian frogs have been shown to exhibit such behaviour. Adults don’t appear to be able
to detect when there are fish in ponds.
Q- It appears that there were few tadpoles caught. Was this considered a “high density” of
tadpoles?
A- Tadpoles were in much lower densities than Gambusia. There were not a large number of
tadpoles caught, except for Litoria sp., so I could only use them in analyses. It does highlight that
there are other factors that act on tadpoles, not just fish. There may be higher tadpole numbers if
the study was able to be replicated in more natural areas — it would also be useful to pull-out
differences due to landscape variation.
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Life history and macroinvertebrate diet of Gambusia holbrooki in
Western Australia
Mark A Lund
Water and Environment Research Centre, Edith Cowan University, Joondalup WA 6027

Objectives / background
This paper reports on a variety of projects that indirectly and directly examined the impact of
Gambusia holbrooki on macroinvertebrates in shallow wetlands primarily on the Swan Coastal
Plain in Western Australia.
Sex, weight and length measurements were collected over a year in Lake Monger (a shallow <1
m, 70 ha lake close to central Perth) as part of a macroinvertebrate project. These fish were also
dissected to reveal gut contents, which were identified to species, where possible. A further
summer/autumn sampling occurred the following year, which focused specifically on collecting
more fish, these were also sexed, weighed and length measured. Another study involved
sampling of G. holbrooki in a small farm dam at Dryandra Lions Village (Dryandra National Park,
Narrogin, Western Australia). Fish were dissected and gut contents analysed.
An experiment using enclosures was set up in Lake Monger to test the effects of G.holbrooki on
zooplankton communities in the lake. A set of 3 controls (no fish) and 3 treatments (60 and 80 G.
holbrooki added to give a stocking rate of 1.05—1.35 g-2 wet weight) were interspersed and
established in the lake. Fish were transferred directly from the lake to the enclosures, so that the
animals were stressed as little as possible. To examine the effects of the enclosure, the lake was
sampled at three adjacent spots at the same time and in the same manner as the enclosures.


The enclosures were constructed from clear polythene (200 µm thick; Jaylon Industries), heat
sealed into open ended tubes, 2 m in diameter, by 1.7 m long. Hollow hems (0.1 m wide)
were heat sealed around the top and bottom of the tube. A PVC pipe (6 m x 20 mm, Class 12)
was inserted into each of these hems, the ends of the pipe were glued together (using glue
recommended by the manufacturer) to produce 2 m diameter rings. The top ring was
supported out of the water tied to 1.5 m star pickets (painted mild steel posts) and the bottom
was sealed to the sediment with weights. The enclosures were allowed to settle for three
days before use. The volume of the enclosures varied from 1.25—1.88 m3 (Figure 1).



The enclosures were sampled prior to treatment and then at 3—4 day intervals on 5
occasions between 20 December 90 and 11 January 91. On each occasion, water depth,
Secchi depth, surface (0.1 m) dissolved oxygen, pH, conductivity and temperature (0.1 m)
were measured in each enclosure. A surface water sample (0.1 m) was collected at each
enclosure for the determination of total nitrogen, total phosphorus, soluble reactive
phosphorus, ammonia, and chlorophyll a.



Three random samples of zooplankton were taken from each enclosure on each occasion.
Three random phytoplankton samples were taken from each enclosure prior to treatment and
on the 3rd post-treatment date. The three samples were pooled prior to identification.
Ostracoda were not included in the counts as they were considered to be benthic organisms.
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Figure 1: Enclosure experiment at Lake Monger

Summary of findings
Nearly 1000 fish were sampled with similar numbers of juvenile, males and females collected.
When fish were collected as part of macroinvertebrate sweeps, they were dominated by females
and juveniles. However, this is probably misleading as when fish were targeted using a larger
coarser scoop net, males dominated in October and then occurred at similar numbers to females
until March when they declined substantially relative to females, before disappearing between
May and July. The average weight and length are shown in Table 1.
Table 1: Average, minimum and maximum weight (preserved) and length of G. holbrooki

Count
Sex
Female
Juvenile
Male

375
313
280

Preserved Weight (g)
Minimum
Maximum
0.005
0.790
0.005
0.070
0.020
0.270

Mean
0.108
0.010
0.112

Body Length (mm)
Minimum
Maximum
10.5
34.2
4.7
15.5
10.9
25.1

Mean
17.4
9.0
19.6

Fish feed on a range of macroinvertebrates, primarily organisms that live predominantly at the
surface of the water (midge or mosquito pupae, terrestrial organisms, collembola) although will
take a wide range of species that they come into contact with (Tables 2 and 3).
In the enclosure experiments, the addition of fish significantly reduced the species richness and
total abundance of zooplankton (especially numbers of Rotifera spp). Zooplankton community
structure was similar to that of the lake and different to the control. This is despite increased
stocking in the enclosures. Interestingly, the abundance of Daphnia carinata did not appear
affected by the stocking density or fish removal. This is despite them having been observed in
aquaria feeding on D. carinata when presented with them. Observations of the enclosures,
suggested that during the day D. carinata congregated at the bottom, while the 0.6 m depth of the
enclosures was small, this may have been sufficient to spatially separate the species. Fish
collected from the treatment enclosures at the end of the experiment were found to have eaten
Mesocyclops sp and Calanoid copepods, Rotifera and chironomid larvae. No significant changes
in water quality were observed in the stocked enclosures.
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Table 2: Number of individual prey items in the gut contents of G. holbrooki from Lake Monger on each
sampling occasion. Note that on some occasions no fish were caught (P=pupae, L=larvae and A=adult)

Species Name

1988
13 27 8

24 7

1989
21 11 2 23 16 4 1

7

5

24

Ju Ju
De De Ja Ja
Aug Sep Oct
Feb Mar Mar Apr May May
n l
c
c
n n

HEMIPTERA
Micronecta robusta
Agraptocorixa eurynome
CRUSTACEA
Daphnia carinata
Cyclopoida spp
Paramphisopus palustris
OSTRACODA
Sarscypridopsis aculeata
DIPTERA (Midges)
Chironomidae spp

P
A
Procladius villosimanus
P
Cryptochironomus griseidorsum L
Kiefferulus intertinctus
L
P
Dicrotendipes conjunctus
L
Polypedilum nubifer
L
P
Cricotopus albitibia
L
Paralimnophyes pullulus
L
TERRESTRIAL ORGANISMS
Spider
Hymenoptera
NUMBER OF ADULT FISH
# Fish with contents
# Fish with no contents
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1

1

3 40
2

1

2

7

1

3

4

8

9

1

3
2

2

1

2

34
33
2 1

3

4

1

2

2

2

4
1

2
1

1
3

1
1

1

1

2

2
1

2

1
1

1
2

1
1

1

2
1
1

1
2
1
0

1
0

1
1

2
1

5
7

1
1

4 16
2 6

6
0

0
1

3 2
1 0

0
1

1 20
2 8
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Table 3: Number of fish containing macroinvertebrates from a dam at Dryandra (P= pupae, A = adult, L =
larvae)

Species Name

Common Names Numbers of Fish

HYDRACARINA spp

Mites

1

COLLEMBOLA spp

Springtails

8

CRUSTACEA
Calanoida spp

3

Cyclopoida spp

2

OSTRACODA
Sarscypridopsis aculeata

2

DIPTERA

Flies
P

Chironomidae spp

Culicidae sp

Midges

6

A

8

L

9

L

Mosquitoes

1

L

Beetle

1

COLEOPTERA spp
A
TRICHOPTERA spp

1
Caddisfly

EMPTY

1
35

Key messages
 Gambusia are primarily surface feeders and this offers refugia to species near the bottom in
even shallow lakes.
 Gambusia eat mainly small zooplankton, and chironomid pupae and larvae.
 The diversity of macroinvertebrates consumed was large and would potentially threaten
rare species that occurred close to the water surface.
Management / Research recommendations
 Gambusia were found to consume mosquito larvae. Mosquito larvae are not typically
abundant in natural lakes due to the presence of other predatory taxa. This research clearly
indicates that where there are few mosquito larvae, Gambusia will consume a wide range of
native species. It is recommended that Gambusia not be used for mosquito control in most
natural systems due to the impact on non-target fauna.
Knowledge gaps
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 The direct impact of Gambusia on water quality is not well understood.
 Does increased temperatures through climate change influence the times of the year where
large densities of Gambusia are encountered?
References
None used
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Questions & answers session
Q- Could the seasonal changes in fish be due to seasonal changes in behaviour rather than
abundance?
A- I don’t know from this work. The study wasn’t targeted at fish specifically, so I don’t have good
estimates of abundance.
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Trophic cascades following Gambusia introduction: A behavioural
ecology approach
Dr Culum Brown, Krystal Keller & Josh Bool
Department of Biological Sciences, Macquarie University.

Objectives / background
Gambusia rapidly spread across the country following introduction into Australia, largely assisted
by humans, and continues to have negative impacts on a variety of native aquatic animals. While
there is little doubt that Gambusia is a villain, much of the ’evidence‘ of its negative effects on
native animals is anecdotal or correlative in nature. For example, the demise of native fish in
urban streams is as much a symptom of larger landscape scale processes, such as riparian
degradation, as the coincidental introduction of Gambusia. In many cases, high abundance of
Gambusia may be symptomatic of poor stream habitat quality rather than being the direct cause
of native species declines. To date there have been direct observations of Gambusia interactions
with just five native fish species (Howe et al. 1997; Koster 1997; Warburton & Madden 2003;
Keller & Brown 2008) and approximately twice as many frog species (see review by Gillespie &
Hero 1999).
Arthington (1991) pointed out that much of the research on Gambusia has concentrated on
impacts on native fish and frogs; very little attention has been paid to invertebrates despite the
fact that these animals play key ecological roles in aquatic environments. Twenty years on this is
still the case (Bool et al. 2011). It might be true that your average person doesn’t care about
invertebrates but the reality is that they play key roles in ecosystem function. Freshwater shrimp
in particular play a role in nutrient recycling and often determine the balance between algal
versus zooplankton dominated systems. This in turn can alter water temperature, pH, dissolved
oxygen and nutrient availability (Hurlburt 1972). Thus anything that disturbs the abundance of
macro-invertebrates can have dramatic consequences for the entire ecosystem.
Gambusia is listed as a key threatening process for a range of species partly because of its
aggressive tendencies but there has been very little work illustrating how Gambusia interacts with
native freshwater animals. The best way to determine this is to observe behavioural interactions
directly. Preferably such observations would be conducted in the wild, but this is often logistically
difficult. The approach adopted in our group is to observe the direct interactions between
Gambusia and native species under semi-natural conditions in the laboratory. By setting up large,
semi-natural aquaria we can manipulate a wide range of variables such as temperature, depth,
vegetation structure, fish density, etc and determine how these factors influence behavioural
interactions.
Summary of findings
Our research on the ornate rainbowfish (Rhadinocentris ornatus) illustrates the sort of data that
can be gained by adopting this approach (Keller & Brown 2008). We have shown that populations
of R. ornatus that live in sympatry with Gambusia have very different behavioural patterns than
those living in the absence of Gambusia. Sympatric populations are more aggressive both to
each other and towards Gambusia and they have shifted their habitat preferences to avoid
interactions with Gambusia. As a result they are chased and nipped less frequently than their
allopatric conspecifics. In the presence of Gambusia, both populations significantly increase their
activity and aggression levels independently of fish density. Thus, just the presence of Gambusia
in the environment results in extra energy expenditure. Our examination of naïve populations
show that they can alter their behaviour following repeated exposure to Gambusia but this is a
relatively slow process. It is clear, however, that Gambusia has both direct (aggression) and
indirect (causing niche shifts) on native fish species. The implications for fitness and longer term
population viability for both of these effects is yet to be assessed.
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We adopted a similar behavioural approach to examine the interactions between Gambusia and
the glass shrimp (Paratya australiensis) (Bool et al. 2011). Naïve, adult glass shrimp (after just
three days of exposure to Gambusia) developed predator recognition and adopted a freeze
response when they detected chemical cues emanating from Gambusia. When placed together
into a microcosm, shrimp altered their foraging activity from diurnal to nocturnal. Thus the shrimp
emerged from cover only when Gambusia were asleep. At this stage we have no idea how this
shift in shrimp behaviour impacts population viability and more broadly on their important
ecosystem function. Moreover, Gambusia prey on the vulnerable larval and juvenile stages of this
species.
Key messages
 Gambusia have both direct and indirect effects on native fish.
 Naïve populations are particularly vulnerable to the aggressive nature of Gambusia.
 Naïve populations can alter their habitat preferences and behaviour both through learning
and evolutionary processes. But these require time and opportunities for alternative niche
occupation.
 Native shrimp also suffer directly from Gambusia attacks but can rapidly learn to recognise
and avoid interactions with Gambusia provided ample shelter is available.
Management / Research recommendations
 We are just getting a handle on the direct and indirect impacts of Gambusia in native fauna
but more work needs to examine the long term implications for population viability.
 It is likely that environments that are in relatively good condition will enable native fauna to
shift their behaviour in the short term to cope with invasion.
 Over the long term, natural selection can alter the behaviour of native species to enable
them to cope with Gambusia.
 Far more work needs to be focused on the broader ecological consequences of Gambusia
invasion in Australian ecosystems.
Knowledge gaps
 Far more research needs to focus on the role of Gambusia predation on
macroinvertebrates because they play a key role as ecosystem engineers.
Macroinvertebrates graze on algae and the systematic removal of invertebrates from the
ecosystem will have dramatic effects on the structure of the ecosystem as a whole through
trophic cascades. These kinds of effects have been illustrated in the US and Europe
(Hurlburt 1972; Margaritora et al. 2001), but there has yet to be a critical analysis of trophic
cascades in Australia.
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Questions & answers session
Q- If we had been looking, would we have seen trophic cascades occurring in the 1920’s after
Gambusia was initially introduced?
A- Possibly, it would have been a great natural experiment but unfortunately there were no
studies being conducted at that time.
Q- What might be the longer-term effects on fish – e.g. on rainbowfish after 3 weeks?
A- We don’t know anything about the long-term effects on fish. The experiments we conducted
ran for too short a period to be able to make any conclusions but those types of experiments
would be useful.
Q-How transient can trophic cascades be?
A- There have been very few studies. The ’switch back‘ could happen very quickly.
Q- What is the best way to undertake trophic cascade work? Should we be looking at gut content
analysis?
A- We know that Gambusia has a potentially huge impact on small crustaceans but gut studies
probably wouldn’t suffice. We should be looking at semi-natural mesocosm studies with a large
number of replicates and long-term. We should be simultaneously measuring physical
parameters and sampling Gambusia periodically with occasional gut sampling.
Q- Howe’s study found catastrophic recruitment failure?
A- Yes, Gambusia had a huge consumption of blue-eye eggs and juvenile stages and there was
a breakdown in population structure.
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Objectives / background
Gambusia is a ubiquitous feature of wetland fish assemblages in the lower River Murray. This
prolific alien species is a potential threat to small-bodied native fishes due to competition for food
and space (Rowe et al. 2008). Extreme water shortage in the Murray—Darling Basin (MDB),
most critical from 2006—2010 due to drought and over-use, devastated native freshwater fish
populations and their habitats. In Lake Alexandrina and Lake Albert (the ‘Lower Lakes’) prime
habitats dried, refuges salinised and freshwater macrophytes perished. This led to the decline of
most obligate freshwater fish species, but Gambusia and a few generalist native species
persisted (Bice et al. 2010; Wedderburn & Hillyard 2010).
The drought conditions revealed some insights into the nature of competition between Gambusia
and threatened native species, including that:
–
(1) Gambusia can dominate refuges due to sheer abundance, especially in isolated
habitats with shallow, warm water where it crowds littoral habitats that may otherwise be
ideal feeding or breeding areas for native fish species
–
(2) the broad environmental tolerances of Gambusia allows great flexibility in the types of
refuge habitats in which it persists
–
(3) some threatened native fish species still persist in very low to moderate relative
abundances in refuges despite the proliferation of Gambusia (Bice et al. 2010; Wedderburn
& Hillyard 2010).
At a site where the latter was observed we examined population dynamics of Murray hardyhead
and Gambusia, and compared diets at two life stages, to help understand mechanisms that might
explain their cohabitation.
Murray hardyhead is a small-bodied fish species (<8 cm long) that is endemic to the MDB. It
inhabits off-channel sites (wetlands, brackish lakes, salt disposal basins, artificial irrigation
channels), occurring patchily from near Kerang in Victoria down to Lake Alexandrina and Lake
Albert in South Australia (Ellis 2005; Lyon & Ryan 2005; Hammer et al. 2009). The species has
undergone declines in the number of populations and overall area of occupancy during recent
decades, and accordingly is listed as Vulnerable under the Environment Protection and
Biodiversity Conservation Act 1999. During the recent drought, many of these sites dried or
salinised (salinity >50 g/L), thereby extirpating Murray hardyhead (Bice et al. 2010; Wedderburn
& Hillyard 2010).
In catchments that have variable climates, such as the MDB, zooplankton is adapted to irregular
flows. An important adaptation is the persistence of eggs in dried sediments for years or decades,
whereupon they hatch when the habitat is re-flooded (Shiel et al. 2001). Consequently, one of the
benefits of flooding for fish populations is a sharp increase in zooplankton abundance, which is
important food for larval and juvenile stages of growth. Studies have demonstrated the
importance of zooplankton in the diet of Murray hardyhead (Ellis 2006).
To secure one of the few remaining isolates of Murray hardyhead at the Lower Lakes, the
Murray—Darling Basin Authority provided an environmental water allocation (EWA) in a small offchannel habitat known as Boggy Creek, on Hindmarsh Island. This study examined the effects of
the EWA on zooplankton assemblages and the diets of Murray hardyhead and Gambusia at
Boggy Creek from December 2009 to March 2010 and compared biological responses with a
non-watered site on the adjacent Mundoo Island (Wedderburn et al. 2010). The specific aims
were to test if:
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(1) flooding induces increases in diversity and abundance of zooplankton that are utilised
as prey items by Murray hardyhead and Gambusia
–
(2) Murray hardyhead and Gambusia consume the same food items
–
(3) recruitment of Murray hardyhead is successful during cohabitation with proliferating
Gambusia.
The findings will inform management strategies that offset the impacts of Gambusia in refuge
habitats.
–

Summary of findings
There were several key findings that relate to off-channel sites of the Lower Lakes.
(1) The addition of the EWA to Boggy Creek promoted emergence from the zooplankton egg
bank that lead to a sharp increase in zooplankton abundance (mostly Rotifera), which contrasted
with the non-watered site on Mundoo Island (Figure 1).
(2) The diet of Murray hardyhead at Boggy Creek consisted of small zooplankton prey in January
and March, predominantly Rotifera and Harpacticoida, and differed from Gambusia which
consumed larger prey including terrestrial invertebrates (Table 1).
(3) Gambusia appeared to have little impact on the recruitment success of Murray hardyhead at
Boggy Creek in the study period (Figure 2), based on substantial differences in diet and the
timing of reproduction (January and October, respectively), which was possibly assisted by a
natural reduction in Gambusia abundance during the previous winter. Conversely, Murray
hardyhead was extirpated from the Mundoo Island site during the study period.
Key messages
 The diets of Murray hardyhead and Gambusia overlapped little under the drought refuge
conditions, thus suggesting a mechanism for cohabitation.
 Dietary differences were possibly linked to the increased size of habitat and diversity of
microhabitats created by the EWA, where resources were less limiting and competition was
reduced.
 Dietary differences were possibly linked to adapted differences in feeding behaviours. For
example, the elevated salinity at Boggy Creek (6-19 g/L) might have provided Murray
hardyhead, which has a high tolerance to salinity (>85 g/L: Wedderburn & Walker 2008),
with a competitive advantage over Gambusia (cf. Alcaraz et al. 2008).
 The impact of Gambusia on the recruitment of Murray hardyhead could be further
minimised if the timing of an EWA favours the threatened species.
 The patterns observed in this study may not reflect the situation in upstream waterbodies
(e.g. less winter reduction in Gambusia abundances in warmer areas).
Management / Research recommendations



At the Lower Lakes, refuge watering is beneficial to species ecology and to offset the
potential threat of Gambusia.
The timing of an EWA is important to maximise the benefits of the zooplankton bloom for
Murray hardyhead recruitment, because it will likely increase the survivorship of Murray
hardyhead larvae and juveniles (cf. Houde 1987). At the Lower Lakes, to optimise the use
of EWAs for the conservation of Murray hardyhead, application should coincide with
breeding in October.
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Knowledge gaps
 Does the timing of reproduction always differ between Gambusia and Murray hardyhead to
the extent that they are able to cohabit without substantial impact on the recruitment of the
latter species?
 Would the results differ if the research was repeated in fresh water, or was the competitive
ability of Gambusia diminished in the salinised Boggy Creek (cf. Alcaraz et al. 2008)?
 Do the findings of this study apply to other regions of the MDB? There might be regional
differences that influence timing of spawning in Murray hardyhead, which would alter the
recommended timing of an EWA.
 Do the observations from this study apply under broader flood scenarios?
 Addressing natural flow regimes that provide variability favouring native fish species is an
important area of research that will build on the results of the current study.
 Do the main findings of the current study apply to other threatened fish species in the
MDB?
 Gambusia is only one potential threat to Murray hardyhead, and it would be equally
important to understand impacts from large-bodied alien fish species, particularly redfin
predation.
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Questions & answers session
Q- In relation to the gut content analysis, were you also looking at sampling the zooplankton
available?
A- Yes, quantitative samples of zooplankton (traps and tows) were taken on six occasions.
Q- Why was the Mundoo Island Murray hardyhead population extirpated during the study period?
A- Uncertain. Salinity went to 60ppt. It was still wet (not completely dried up), though it was
shallow, and there were things going on with nutrient levels.
Q- Are both systems now wet?
A- Yes but sampling has shown that there are no Murray hardyhead, they have probably
dispersed after the flooding of the site. Gambusia are still present but in lower numbers.
Q- Are Gambusia numbers depressed from the flow event?
A- Natural overwintering reduces numbers. The reduction could also be something to do with
flows but I don’t know.
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Table 1. Indicator food items (percentage perfect indication) of Murray hardyhead and Gambusia during
two sampling occasions, determined by Indicator Species Analysis.

Murray hardyhead

Gambusia

19 January 2010

19 March 2010

19 January 2010

19 March 2010

n = 10; av. TL =
28.5 mm

n = 10; av. TL =
50.2 mm

n = 7; av. TL =
32.0 mm

n = 10; av. TL =
40.0 mm

Copepoda egg (99)*

Rotifera Brachionus Terrestrial insect (34)*
(85)*

Harpacticoida
nauplii (56)*

Ostracoda (79)*

Cyclopoida (39)*

Corixidae (25)

Harpacticoida adult Rotifera egg (66)*
(39)
Harpacticoida
(44)*

egg

Harpacticoida adult
(43)
Harpacticoida
nauplii (29)
*Significant indicator of prey based on a Monte Carlo test of observed maximum indicator values.
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Figure 1. Estimated zooplankton abundances for the two sites over the study duration, where water was
applied to Boggy Creek a few days prior to the 8 December 2009 and 19 February 2010 samplings.
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Figure 2. Length frequency distributions of Murray hardyhead captured at Boggy Creek in November 2009
(n = 15) and March 2010 (n = 74).

Catch from a Lower Murray drought refuge – domination by Gambusia

Male Murray hardyhead from the Lower Lakes in breeding condition
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Boggy Creek after the environmental water allocation
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Introduction
The ability for Gambusia to successfully invade and dominate habitats across the Murray—
Darling Basin (MDB) is well established (Pyke 2005). This pattern reflects a global trend of
translocation and establishment of invasive species into new environments through human
mechanisms (Lodge et al. 2003). However, the relative success or failure of species in
establishing viable populations in new environments, once introduced, is not uniform. Many
species possess a wide range of characteristics and traits that render them a relatively high risk
for invading and establishing populations in new receiving environments (Fredberg & McNeil
2010). Gambusia possess a wide range of those characteristics that promote their establishment
across a wide range of habitats (Moyle & Light 1996), including increased parental investment in
offspring (giving birth to live young) and adaptations for coping with harsh environmental
conditions, including warm water temperatures, low dissolved oxygen levels and reasonably high
salinity levels (MacDowall 1996, McNeil & Closs 2007). In the Murray—Darling Basin, the species
has been found to numerically dominate floodplain habitats, and has similarly become dominant
across a wide range of systems across Australia (Morgan et al. 2004; Tonkin et al. In Prep).
In addition to the traits and behavioural characteristics that make Gambusia a successful invader,
there is a strong belief that several characteristics of the receiving environment can be
particularly influential on whether or not a well armed species such as this can establish itself. In
particular, environments that have been heavily disturbed by human development are believed to
be far more susceptible to successful invasion by new fish species (Jackson et al. 2001; Kennard
et al. 2005). The degree of environmental integrity in the receiving environment may provide
some level of resistance to invasion, with land use changes and river regulation strongly
implicated in the establishment of invasive fish populations in the U.S.A (Marchetti et al. 2004).
However, the degree of influence that various anthropogenic modifications has on invasion
success can be difficult to determine, particularly given that highly disturbed habitats are often
subject to a wide range of impacts that manifest themselves at a range of scales, through a wide
array of pathways and complex, often interdependent mechanisms. The presence of a natural
flow regime (Gehrke & Harris 2001; Bunn & Arthington 2002) and intact and diverse native fish
assemblages, or the absence of available ecological niches (Gido & Brown 1999, Gido et al.
2004; Marchetti et al. 2004) may increase the resistance of aquatic systems to new invasions.
However, the exact aspects of the receiving environment that conveys resistance to invasion are
diverse and not fully understood and are certainly not able to be generalised across all
catchments and species.
In systems such as the Murray—Darling, where Gambusia have become a ubiquitous and
dominant component of the fish fauna, finding the variables that have contributed to that
successful establishment can be difficult in hindsight. In the present presentation we aim to
outline some of our research findings, both from within the Murray—Darling Basin (MDB) and the
neighbouring Lake Eyre Basin (LEB) that might assist us in understanding the various
mechanisms that may be related to the domination of Gambusia in the MDB. These findings
provide some insight into the various anthropogenic impacts and modifications that might have
assisted in building that dominance and provide direction as to the environmental variables that
could be restored or manipulated to disadvantage Gambusia in the MDB.
Research outcomes
Naturally high flow variability, particularly large floods, may be providing a distinct advantage to
native fishes, whilst impacting negatively on Gambusia populations. Studies of the Lake Eyre
Basin show they are present in a number of catchments and waterbodies. However, riverine
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studies in the LEB have revealed that, far from dominating fish assemblages, Gambusia
populations are patchy both in distribution and abundance, over relatively long time scales
(Costelloe et al. 2010, McNeil & Schmarr 2009). In one reach of Cooper Creek (largest catchment
of the LEB), large floods were associated with a decrease in the abundance of Gambusia relative
to native fishes (Costelloe et al. 2004, Costelloe et al. 2010), and the increase in abundance
pattern held for native species common to the MDB, such as the carp gudgeon (Hyspseleotris
sp.). As a result, the presence of a highly variable, unregulated flow regime in the LEB is a
potential mechanism that might convey increased benefit to native species and disadvantage
Gambusia populations. In contrast, the removal of large floods through river regulation may
remove or indeed reverse this advantage for native fish.
In the Ovens River, the last predominantly unregulated river system within the MDB, regular
cycles of seasonal floodplain inundation were also seen as providing benefit to native species
over Gambusia (McNeil 2004). Whilst Gambusia was highly dominant across floodplain habitats,
the vast majority of Gambusia dominated habitats dried out during summer. More permanent
habitats that persisted until seasonal rainfall and snowmelt provided re-inundation, were
dominated by native fish species, such as carp gudgeon, smelt, pygmy perch and flatheaded
galaxias. Under more characteristic management regimes, whereby high flows are delivered
during summer for irrigation purposes, the Gambusia dominated habitats would be re-inundated
prior to desiccation. Therefore Gambusia dominated habitats would be regularly linked to the
broader catchment, reconnecting large numbers of the pest fish back into the system and
reducing the competitive benefit provided to native species by the natural regime of floodplain
inundation.
Drought and extremely low flows may also increase the power of the natural flow regime in
conveying resistance to invasion by Gambusia. In the Neales River, severe drought restricted all
fish to a small number of refuge waterholes during 2006. As drought receded and in-channel
flows resumed, Gambusia appeared and disappeared from catches in subsequent seasons to
appear instead in other nearby locations, only to disappear in subsequent samples and re-appear
at the original site of capture (McNeil & Schmarr 2009). Only after several consecutive seasons of
seasonal in-channel connectivity was Gambusia able to recolonise the majority of the catchment
and move into upstream waterholes. However, abundances remained low compared to native
species such as rainbowfish (Malenotaenia Splendida Tatei), barred grunter (Amniotoba
percoides) and spangled perch (Leipotherapon unicolour), which may provide very high levels of
resource competition and predation, having already established strong populations in receiving
waterholes due to more rapid recolonisation and recruitment processes.
The Neales River Study also identified some significant patterns that provided further information
on the nature of Gambusia across the catchment. The hypothesis that flow variability conveys
disadvantage to Gambusia and helps to explain the patchy and low abundances relative to native
fish in the LEB, was further supported by the discovery of highly stable, off-channel refugia that
supported very large abundances of Gambusia and very low abundances and diversity of native
fishes. These Gambusia ‘hot spots’ were largely shallow and stable habitats, consistent with
Gambusia habitat preferences, and were hydrological distinct to lower altitude in-channel habitats
where patchy and variable Gambusia populations were identified. These habitats consisted of
highly stable hydrological environments that were rarely connected to river flows and then only
during large floodplain inundations where flow velocities are expected to be low across such a
broad channel system. These habitats were fed through relatively stable groundwater flows from
the underlying Great Artesian Basin (GAB), that were either the result of natural vertical leakage
(mound springs) or drilled bore drains.
Bore drains were exclusively dominated by Gambusia with very low or no native fishes present.
However, mound spring habitats were either completely devoid of native fish (Gambusia only) or
were free of Gambusia and populated by the native desert goby (Chlamydogobius eremius), the
traditional inhabitant of mound springs throughout central Australia. Further investigation revealed
that springs containing Gambusia sat lower in the catchment profile and that even within the
same spring group, springs that did not yet contain Gambusia were exclusively those higher in
MDBA Gambusia Forum 2011

46

the catchment profile. This suggests that hydrological connectivity during periods of high flow
were providing colonisation pathways between stable spring habitats, and between springs and
the main channel. Again, hydrological drivers were intricately linked to the maintenance and
dispersal of Gambusia. This pattern supports the concept that these spring serve as stable
refugia where Gambusia may escape the disturbance impacts provided by extreme hydrological
variability in the main channel, yet also provide recolonisation pathways that might explain the
continual appearance of the species in nearby riverine waterholes. If the hydrological variability
(and intact native fish abundances) was preventing the establishment of Gambusia in riverine
systems, but stable refuges were continuously providing colonists, we would expect to see
continual failed colonisation attempts – expressed through patchy but low abundances.
It is likely therefore, that the current integrity of the hydrological and ecological aspects of the
Neales River (and perhaps the broader LEB) is providing continual resistance to the
establishment of dominant populations of Gambusia outside of those stable refugia. However,
should factors prevail that were to disturb the hydrological structure, or reduce the abundance
and diversity of native fish in the LEB, then those stable refugia provide a continual input of
colonists that may one day take off, leading to MDB style domination across the LEB. As such,
those groundwater-fed habitats provide a unique opportunity for targeted ‘hot-spot’ control
interventions to reduce the ability of Gambusia to maintain refuge populations and to recolonise
other habitats during periods of hydrological connectivity.
Through the South Australian Arid Lands Natural Resources Management Board, a program
perusing the control of Gambusia in these refuges has been initiated. Un-natural bore drains
provide one of the simplest management solutions. If cultural and agricultural stakeholders are in
agreement, these bores may be capped, after which they will dry and no longer serve as long
term refugia for Gambusia populations. To this end, capping is planned for Big Blythe and other
nearby bores in the near future and monitoring programs are being developed to investigate the
impact of those closures on Gambusia populations in surrounding waterbodies.
Great Artesian Basin springs around the Neales River, however, can not be shut down and
support a range of genetically unique biota indigenous to the region’s spring groups. Control of
Gambusia in these springs, is important for the protection of desert goby populations as well as
the prevention of recolonisation to other habitats during connectivity. These habitats provide a
great challenge for control that will require significant effort and stakeholder input to be
successful. If the control of inhabitant Gambusia is not possible, then connective pathways may
be targeted to prevent the movement of pests between habitats. For extremely low lying refuges,
however, relatively regular inundation during floods provides an additional challenge.
Control activities have also been supported through community and stakeholder education and
issue awareness activities. A range of information sources such as posters and brochures have
been produced to raise awareness of the Gambusia as a pest with an aim of reducing human
facilitated transfer of the fish, particularly for mosquito control in dams, springs and bore drains.
Concluding remarks
The combination of largely intact flow regime and native fish populations in the Lake Eyre Basin
Rivers are likely to be a key factor in the failure of Gambusia to dominate these catchments.
These research findings reveal that hydrological stability is potentially a key driver of establishing
Gambusia as a dominant species in the MDB, and that restoration of both the extreme wet and
dry aspects of the historical flow regime (appropriately timed), are likely to provide a
disadvantage to Gambusia relative to native fishes, particularly in seasonally connected and
isolated habitats such as floodplains, lake and wetland systems.
Recent surveys have found that large floods can move Gambusia great distances around LEB
catchments, such as Cooper Creek, and it is hoped that continued monitoring under the Lake
Eyre Basin Rivers Assessment program can continue to inform on the linkages between
hydrological variability and the relative structure of Gambusia and native fish communities.
Continuing study of Gambusia in the LEB may provide further opportunity to learn some of the
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mechanisms through which environments maintain resistance to invasions by species such as
Gambusia and, in turn, may provide opportunities to develop interventions that reduce the
advantages that lead to the domination of Gambusia across the MDB.
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Questions & answers session
Q- Environmental flows can assist Gambusia and there is a similar problem with Carp. So when
do you release flows?
A- If you do it at the right time for native fish, it still favours Carp, so you can’t use flow timing.
There are still year-to-year differences for native fish too. It may be a matter of waiting for
wetlands with Carp and Gambusia to dry out and then flood them?
Q- Is turbidity of the water another factor that needs to be considered in relation to Gambusia?
A- It’s possible and probably worth looking at further. There seemed to be low Gambusia
numbers in highly turbid waters—this may indicate a possible relationship as Gambusia is a
surface feeder. Gambusia also do well in clear water bore drains.
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General findings on the ecology of Gambusia in the Mallee region.
Iain Ellis
Murray—Darling Freshwater Research Centre

Objectives / background
The impacts of Gambusia in the Mallee region of the Murray—Darling Basin are becoming
increasingly apparent. This presentation summarises some of the observations and findings
made by the Murray—Darling Freshwater Research Centre (MDFRC) across a range of projects
conducted in the waterways and wetlands of the Murray. Although much of the information which
is to be presented is gleaned from programs in which Gambusia are not targeted, the data
collected certainly demonstrates some emerging trends and results in terms of Gambusia
distribution and abundance.
It is anticipated some discussion of these emerging trends and the associated management
implications will promote discussion and ultimately the development of improved control methods,
particularly in situations where threatened species conservation is a priority.
Summary of findings





Our data suggests Gambusia may exclude small bodied native fish species from preferred
habitats in managed wetlands, which is likely to impact on the viability of threatened
species such as Murray hardyhead.
Aquarium experiments demonstrate aggressive interaction between Gambusia and Murray
hardyhead (including larval predation), resulting in altered positioning of Murray hardyhead
in the aquarium relative to vegetation.
Flooding in 2010-11 in the Murray resulted in large increases in the abundance of
Gambusia in many Mallee aquatic systems, including the Murray River channel.
Environmental pumping of the Hattah Lakes system resulted in exclusion of Gambusia as
opposed to invasion during overbank flows. This result may present an opportunity to
restrict future Gambusia invasion in regulated environmental watering sites.

Key messages
 Conservation efforts to sustain threatened fish species may unintentionally suit Gambusia.
 Gambusia have definitely benefited from recent flooding in the Murray River.
 Pump placement/design may provide a mechanism for restricting Gambusia dispersal to
some managed environmental watering sites.
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Questions & answers session
Q- There were few Carp transferred in the Hattah Lakes via the environmental pumps at the
pump sites?
A- All large fish appear to have been excluded but not eggs and larva which were transferred to
the lakes and subsequently matured. It should also be noted that Carp numbers were low in the
Murray River (i.e. the intake sites for pumps in 08-09) and there were no breeding events during
the drought which would, in part, explain their low numbers transferred to the lakes through the
pumps.
Q- Any evidence now of purple spotted gudgeon (Morgunda adspersa) in Cardross Lakes?
(Author’s note - purple spotted gudgeon’s were considered extinct in CIC until they were rediscovered in the Cardross Lakes in the late 1990’s…..they soon disappeared from the site again
due to declining drainage to the Lakes and hence loss of suitable habitat and water quality).
A- No, we have lost this population. But we may be able to introduce them from SA where a rediscovered population has been successfully bred in captivity—the SA fish are genetically similar
to museum specimens from Cardross collected in the late 1990’s.
Q- Is it worthwhile looking at lowering and raising the water levels in Cardross?
A- Yes, we have looked at it, and have been working with the Mallee CMA in the past 5 years to
stop delivery of environmental water in summer after Murray hardyhead have bred/recruited. This
was impossible in 2010-11 due to massive rainfall events which filled the Cardross lakes.
However, the pressure is off Cardross at the moment as Murray hardyhead have re-colonised at
least one of the formerly dry (but now re-filled) lakes.
Q- Lake Kelly- Murray hardyhead were discovered there a few months ago?
A- They were discovered there by DSE who were conducting surveys of lakes in the region after
the flooding in 2010-11 to determine suitable translocation sites for Murray hardyhead. We are
trying to get funding to work out if they were there all along or were in refuge areas and have now
come into the wetland with floodwaters. They may have come from nearby channels. There are
no/few Gambusia there at the moment.
Q- How many Murray hardyhead did you put in to Koorlong Lake when you translocated them?
A- Three hundred and they recruited within 2 months. Although it should be noted that there are
still not many Murray hardyhead as they produce comparatively few eggs. Murray hardyhead only
persist in low numbers; however, the floods have brought in more Gambusia.
Q- What time of year was the environmental watering for Murray hardyhead at Hattah Lakes?
A- Late winter to early spring. Hattah environmental watering (but note this is part of The Living
Murray Program—not for the Murray hardyhead program) occurs anytime outside summer
irrigation season because they have to get a large volume of water in to fill the lakes.
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Gambusia habitat use and attempts to improve trapping success
Nicholas Ling, Michael Pingram, Grant Tempero, Brendan Hicks
Centre for Biodiversity and Ecology Research, The University of Waikato, Hamilton, New Zealand.

Objectives / background
Gambusia affinis was introduced to New Zealand in 1930 from Hawaii and is now widespread
and abundant throughout northern New Zealand. Widespread concern exists about the potential
ecological impact of Gambusia on native freshwater fish and invertebrates although relatively little
data have been collected from natural populations. A recent fish risk assessment model proposed
by the National Institute of Water and Atmospheric Research ranked Gambusia third highest of all
introduced freshwater fish in New Zealand with respect to overall ecological risk. Some
Gambusia populations in the southern North Island and northern South Island have been
successfully eradicated with rotenone but few other attempts have been made to eliminate or
reduce Gambusia populations. We conducted a series of trials in experimental enclosures to
determine whether trap enhancement with cover, baits, lights, magnets, or teaser fish was
effective in improving trapping success. We also studied microhabitat utilisation by natural
populations of Gambusia and the effectiveness of repeated trapping in reducing Gambusia
abundance.
Summary of findings
Both fine mesh (3 mm) metal Gee minnow traps and cheaper collapsible minnow traps were
effective at catching Gambusia with low escapement. In experimental enclosures, trapping rates
were high under all conditions irrespective of trap or fish density: Gambusia appeared to use
traps as refuge. There was no difference in capture rates between morning and afternoon fishing.
Frozen blood worms (chironomids) and a commercial trout pellet food (but not dry cat food) were
effective at increasing trapping success. Lights (glow sticks or LEDs), magnets, cover and the
presence of teaser fish had no effect on trapping rates in experimental enclosures.
Gambusia in two lakes (Lake Waikere and Chapel Lake) preferred shallow, vegetated littoral
zones rather than non-vegetated beaches or deeper offshore areas, corresponding to previous
observations of habitat preference by Gambusia for lateral cover (Casterlin & Reynolds 1977).
Serial removal of Gambusia caused local population depletion and subsequent rebound due to
local migration. Trapping efficiency was reduced in Chapel Lake in years of high water levels
which allowed greater access of Gambusia to preferred habitat. Gambusia apparently preferred
cover provided by submerged vegetation to that provided by traps.
Key messages
Minnow traps are effective at catching Gambusia without modification although addition of bait
may improve trapping success. Gambusia prefer shallow vegetated margins without surface
cover and trapping success appears to be reduced where Gambusia have access to dense
subsurface vegetation.
Management / Research recommendations
Gambusia seem to use minnow traps as cover but may prefer natural cover provided by littoral
vegetation. Further research in natural water bodies would examine the effectiveness of water
level manipulations in improving trap efficiency by restricting access to vegetated shallow
margins. Such studies would also investigate Gambusia preference for traps versus natural
cover. Serial depletion of Gambusia populations should be examined as a management tool to
drive local extinction and should be investigated in conjunction with possible Allee Effects in
temperate climates where populations are significantly depleted in winter. Further investigations
of trapping efficiency should also examine thermal attraction to traps.
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Knowledge gaps
Further studies on the source of overwintering fish should be undertaken to examine the most
profitable timing for attempts to reduce populations by serial depletion fishing.
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Questions & answers session
Q- Lights might work differently in the wild. They might attract a food source for example?
A- Yes, that’s true.
Q- Would artificial cover around traps in the wild increase the catch rate?
A- Possibly but we need to do those sorts of trials in the field – ours here were only done in
troughs.
Q- Have you done comparisons between different types of traps e.g. bottle and collapsible
minnow traps?
A- No the next stage is to look at comparative catch rates.
Q- Is there a limit to how many fish will go into a trap due to high densities, escapement or
avoidance?
A- No we don’t have that data but it would be a worthwhile experiment.
Q. Comment: In Tasmania we get high densities in traps some times (up to 800 fish) in high
density Gambusia areas.
A- Yes, you will get higher catches in high density areas but this does not negate avoidance
issues. With more traps you will still get a greater proportion of the population.
Q- Could you attach a leader to the collapsible traps to herd the fish.
A- Yes that would be possible.
Q- If you are trying to get fish out of a lake, how many traps would you have to put in to get the
Gambusia down to a critical level?
A- That is the next step in the research. It may be an overwintering study when the populations
are low.
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A field based assessment of native fish responses following eastern
Gambusia removal: putting theory into practice
Zeb Tonkin, Jed Macdonald, Andrew Kaus, David Ramsey, Fern Hames, David Crook and
Alison King
Arthur Rylah Institute for Environmental Research, Department of Sustainability and Environment

Objectives/background
Alien fish species have been recognised as one of eight major threats to native fish in the
Murray—Darling Basin (MDB), and the control of these species is one of the key driving actions
of the Native Fish Strategy. With growing evidence of detrimental impacts on native fish fauna
globally and its widespread distribution throughout the MDB, Gambusia has been identified as
one of the key alien species contributing to the decline of a number of native fish within the MDB
(MDBC 2004). Given the ongoing threat Gambusia pose to native fish communities, the lack of
current effective control options and that the long-term detrimental impacts of the species on
ecosystem function in the MDB remain uncertain, research into the feasibility of controlling
Gambusia populations to densities where measurable improvements to native fish communities
can be detected should be a priority. This project addresses these research needs through
integrating surveys and quantitative experimental work in natural billabong systems throughout
the MDB with specific objectives being to:
1. review current knowledge of the impacts of Gambusia on native fish of the MDB
2. provide information on the response of native fish communities following the reduction of
Gambusia populations
3. provide a framework to evaluate the feasibility and effectiveness of such control actions
Summary of findings


Gambusia are likely to have the greatest direct impact on the Basin’s smaller species
occupying small, enclosed still water habitats. Therefore, the first phase of the project
involved a broadscale, cross-sectional fish survey of over 90 wetlands and refugia in the
mid-Murray region with the aim of identifying the current influence of Gambusia in shaping
wetland native fish communities (as measured by presence/absence, abundance and
recruitment). Results suggested Gambusia did not have a negative influence on the
abundance or presence of common species such as carp gudgeon and flat-headed
gudgeon. However, Australian smelt showed a slight negative interaction with Gambusia.
In addition, a condition assessment of recruits of the common native species (using
length-weight relationships and fin condition) also indicated that there was a negative
relationship between both condition indices for juvenile Australian smelt and the
abundance of Gambusia. Unfortunately, predictions on rarer species such as pygmy
perch and rainbowfish could not be made given they were collected in such low numbers.



The second phase of the project used field-based experiments that trialled physical
removal of Gambusia in small isolated billabongs to test the hypotheses derived from the
cross-sectional study as well as provide information on control options and Gambusia
population dynamics. The experiment provided important information on Gambusia
removal, population dynamics and of course, native fish responses following such
intervention.
o

Physical removal exercises (trapping and seine netting) conducted over a 5-10
day period (before the onset of the Gambusia spawning season), resulted in major
reductions in Gambusia abundance (generally > 40%), even resulting in complete
eradication at several sites.
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o

During the course of the experiment, Gambusia displayed an astonishing capacity
to rapidly colonise habitats, with just a few individuals rapidly establishing
population sizes in their thousands in a three to four month period. The intrinsic
rate of increase of Gambusia populations was far higher than even the most
common native species in the region.

o

Most importantly, the results also indicated that reductions of Gambusia
abundances will result in improvements in condition and ultimately population
sizes of small-bodied native fish. The negative impacts of Gambusia on the more
common generalist species within these intact floodplain wetlands were shown to
be relatively minimal. There was some indication that negative impacts are far
greater on species which are restricted in their trophic niche (a large proportion of
which have already suffered major reductions in range and abundance).

Management / Research recommendations


Whilst an assessment of control methods is not a major objective of the current study, it
was revealed that physical removal of Gambusia conducted under certain conditions, can
be used as an effective management tool to achieve major reductions in Gambusia
populations. However, the degree of success requires thorough consideration of various
aspects of a sites hydrology, climate, habitat and size.



Results also suggest that in the short term, management and control of Gambusia should
focus on sites containing species which are limited in their trophic niche or within sites
containing highly uniform habitats to maximise the ecological benefits of Gambusia
reductions.



A decision support tool has been developed for managers to assess the feasibility and
prioritise sites for Gambusia control actions (Figure 1).



Further field based studies assessing the response of these rarer specialist species and
longer term monitoring of fish communities within more degraded sites following
Gambusia removal is required to confirm these predictions.



It was revealed that there was an alarming lack of community awareness in regard to
Gambusia. We strongly recommend community awareness and education exercises be
associated with any Gambusia management programs. Community group participation in
removal exercises is feasible given the methodologies used for removal of Gambusia
could easily be utilised by community bodies such as landcare and school groups. Even if
these activities do not directly result in immediate ecological benefits, these exercises will
still result in substantial social benefits, particularly in light of the lack of education on the
threats of this alien fish species.



We suggest the simplistic process used in the study could also prove valuable if applied to
other established alien fish species, particularly those with limited socio-economic value
such as goldfish and oriental weatherloach.
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Figure 1: Decision support tool aimed at prioritising sites for physical control for Gambusia on the basis of
maximising the ecological benefits per dollar invested. Note: this does not factor in socio-economic benefits
of control programs.

Figure 2: Example of minimal (top) and major (bottom) levels of fin damage on juvenile southern pygmy
perch attributed to Gambusia aggression.
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Questions & answers session
Q- How can we get community groups to undertake Gambusia control?
A- I’m not sure but maybe we could learn from the Carp control work. There are a number of
issues including animal ethics and euthanasia.
Q- What are your thoughts on how Gambusia moves on floodplains during big events? Would
this knowledge help in targeting them?
A- We didn’t look at that in our study. Their biology suggests they do not have a great capacity to
swim upstream. It would be worth looking at the principal points where Gambusia are coming
from source populations.
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Gambusia control in a Great Artesian Basin spring complex
Adam Kerezsy
Bush Heritage Australia

Objectives / background
Exploring options for control of the noxious fish species Gambusia (Gambusia holbrooki) in
springs at Edgbaston has been a goal of the not-for-profit conservation company Bush Heritage
Australia since it purchased the property in 2008. Physical removal trials commenced in 2009, as
did preliminary work to determine the appropriate dosage of the piscicide Rotenone. However,
the status of many spring species and the spring communities themselves as endangered,
combined with the legislative difficulty associated with obtaining and using Rotenone, has meant
that within-spring trials commenced in March 2011.
Summary of findings
Gambusia have been fished out of a small spring using successive physical effort. However, this
method is neither suitable nor possible in large shallow springs that are infested with Gambusia.
Rotenone is an effective piscicide at Edgbaston, but the degree to which it may be a useful
technique will depend upon the physical characteristics of each spring (such as depth and
amount of vegetation), and on-going granting of relevant permits, ethics agreements and referrals
by State and Federal agencies.
Key messages
 Rotenone is the only realistic option for removing Gambusia from large springs at
Edgbaston.
 The legislative context, in which the work at Edgbaston must be carried out, creates long
time lags between ideas and implementation.
Management / Research recommendations
 A creative and less-rigid approach to trialling Rotenone work in sensitive areas should be
considered by relevant agencies and possibly championed by researchers in order to allow
an on-going trial/adaptation process to be employed without the need for constant re-writing
of ethics agreements, permits and referrals.
Knowledge gaps
 Effect of Gambusia infestations on populations of endemic spring inverterbrates.
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Questions & answers session
Q- You’re using rotenone to target Gambusia; what about non-target fish?
A- In theory, rotenone would kill all fish, but different species also have a different tolerance to
rotenone. It would kill redfinned blue eyes, the species of conservation interest at Edgbaston, but
we are only using rotenone in the springs that do not contain redfinned blue eyes.
Q- Do Gambusia have similar annual cycles in these constant temperature springs?
A- No, they breed all year round due to the warmer temperatures here (no overwintering occurs
in warmer climates).
Q- What dosage rates of rotenone did you use?
A- Ours were actually lower because of invertebrates present. Shrimp were particularly
susceptible.
Q- Is there a captive breeding program for redfinned blue eyes?
A- Not at this stage. There is some potential interest. Australia New Guinea Fishes Association
would like to take that on board but the Department of Environment and Resource Management
Threatened Species Unit won’t support captive breeding. I have relocated redfinned blue eyes to
a few springs that didn’t have them.
Q- Of the 30 springs suitable for fish, how many contain Gambusia?
A- 25
Q- Will Gambusia recolonise during floods?
A- These springs are really isolated so there is a low likelihood of overland flow.
Q- You have had some recent media interest. Will media exposure help with ethics and licensing
approvals now that the story is out?
A- I don’t know; it may or it may not, but we are a not-for-profit organisation, so the media interest
does help from that perspective.
Q- What is the management window for action if Gambusia is to invade a spring with redfinned
blue eyes?
A- I don’t know, short. In a way, I can’t test this because of the nature of the place but it is
obvious that the number of springs containing redfinned blue eyes is reducing.
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Comment: Bush Heritage Australia is a private company, so there are some difficulties in
obtaining permits to use rotenone. There is a national rotenone permit, but that only seems to
cover state agencies.
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Gambusia: community engagement, research and control in Tasmania
Grant Scurr1, David Maynard2, Troy Gaston3 and Amanda Locatelli4
1

Tamar Natural Resource Management (Tamar NRM); 2Australian Maritime College (AMC); 3University of
Tasmania; 4Natural Resource Management Northern Tasmania (NRM North)

Objectives / background
The project aims to control, and where possible eradicate, the pest fish Gambusia holbrooki in
northern Tasmania. Tasmania is in the fortunate position of having only one catchment (the
Tamar Valley) infested by Gambusia, hence preventing the spread of Gambusia to other
catchments is the top priority of the control program. The two key elements to preventing
movement of Gambusia by people are: minimising Gambusia availability at publicly accessible
sites (via control actions) and raising public awareness of this issue. The project combines direct
control actions, research into trap development and raising awareness to promote community
involvement and minimise the risk of Gambusia spreading beyond the Tamar Valley. Control
actions have varied from temporary drying of drainage lines and poisoning of dams to trapping
and hand netting in open/interconnected waterways. Maintaining and building volunteer
participation in the trapping program is a core focus of the project. Community groups, local
schools and volunteers have been engaged in the ongoing Gambusia program.
Community engagement












Stakeholder engagement was the first step, which has culminated in the Gambusia
Working Group. Members include: Tamar NRM, Tamar Island Wetlands Wildcare Group,
Inland Fisheries Service (IFS), Fishcare Tasmania, NRM North, Australian Maritime
College (AMC), University of Tasmania, Tasmanian Parks and Wildlife Service (PWS).
Developed catch phrase "Devil of a Fish" and a colour scheme of red, black and white for
all flyers, stickers, posters and PowerPoint presentations.
Information including volunteer calls were sent to every registered recreational fishing
group in Tasmania.
Live Gambusia display tanks were circulated around fishing and boating stores, with
flyers, stickers and posters.
A Gambusia awareness television commercial was produced and aired.
Public displays were held at major events such as Inland Fisheries Service open day,
Trout Expo, Agfest and Launceston Show.
A school engagement program consisting of interactive PowerPoint presentations and
hands on field trips where students could empty traps and hand net Gambusia.
Media exposure has played an important role in awareness raising and volunteer
recruitment. Articles have appeared in publications ranging from our own newsletter,
council internal staff and community newsletters through to “The Examiner” (northern
Tasmania’s premier newspaper). Interviews and features have also appeared on radio
and television news.
Offering a range of activities and levels of support to volunteers has been a key
component of attracting and maintaining volunteers. Jobs offered have ranged from very
clean and light work such as data entry, awareness raising in the wetland visitor centre,
data analysis, trap construction and repair, recharging batteries to dirtier heavier work
such as trap servicing and data recording, hand netting of Gambusia and changing lights
in traps.
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Figure 1: Map of upper reaches of the Tamar Estuary showing sites infested with
Gambusia and sites free of Gambusia. Map inset of Tasmania showing location of the
Tamar Estuary. Source LCC (2010)

Control (pre-trap research)
Initial control efforts were limited to presence absence distribution surveys and drainage and
chemical treatment of infested dam sites, however, initial dam treatments were not successful.
Key lessons learned were, chemical treatment of Gambusia in winter in Tasmania is not likely to
be successful for two reasons. Firstly, Gambusia are largely dormant when water temperature
falls below 10 ⁰C and winter water temperatures in Tasmania fall well below this threshold. This
dormancy confers some resistance to chemical treatment. It also makes it very difficult to check
efficacy of the treatment, as any surviving Gambusia are likely to be sitting still on the bottom of
any remaining water. After initial treatment, follow up surveys in two dams in winter using traps,
dip nets and electro fishing failed to locate any Gambusia. However, both these dam treatments
had been unsuccessful. Secondly, Tasmania's wet season is winter. This makes it almost
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impossible to dry a site during winter, with rainfall, and/or groundwater flow likely to dilute any
chemical treatment. Successful treatments were carried out in summer and autumn, with summer
(the dry season) giving the best results.
After successful eradication of Gambusia in all known closed water bodies (dams), attention
turned to control in more sensitive environments. This included interconnected wetland areas and
networks of drainage channels with moderate to high levels of connectivity with the Tamar
Estuary. Initial efforts were made in early 2006 to dry the Tamar Island Wetlands site. Old convict
built levee banks were built-up in an attempt to exclude tidal influence. Within weeks a high tide
event overtopped and largely destroyed these additions to the levee banks. Numerous high tides
and flood events have overtopped the levee banks since that time.
This proved to be fortunate as acid sulphate soils dominate the soil profile at the wetlands. A
cooperative project with the Soil Conservation Branch of the Department of Primary Industries
and Water (DPIW) found all soil cores taken from sites around the wetlands were highly sulphidic.
These soils, if dried, would have released highly concentrated sulphuric acid into the
environment. Leaching of toxic heavy metals from sediments would have also been a likely
consequence. Elsewhere in Australia this has caused large scale fish kills and killed large areas
of aquatic vegetation.
So, the question became how can we conduct control in sensitive environments, where poisoning
and drainage were not an option? Hand netting of Gambusia was conducted but is labour
intensive and has a limited localised effect.
Trap research
1) Preference-avoidance behaviour of Gambusia holbrooki to specific water quality parameters
 Literature review of current Gambusia control methods and Gambusia biology were
conducted. The potential attractants light and heat were indentified as priorities for testing.
 Preference-avoidance behaviour of Gambusia holbrooki to light and heat were tested in
the laboratory. A fluviarium was used to test preference/avoidance between a warm and
colder water column (Figure2).
Chamber where
Gambusia can freely
move and display
“preference” behaviour

warm

cold

Figure 2: Fluviarium used to test preference/avoidance behaviour of Gambusia.



Preferences were tested between water at 10 ⁰C and water at 15 ⁰C, then between water
at 20 ⁰C and 25 ⁰C and finally between water at 20 ⁰C and 30 ⁰C.

Summary of results
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Gambusia were found to prefer warmer water and a lighted water column. Gambusia were also
able to locate and associate with a point source of heat or light. The strongest attractant was
heat, particularly where water of 10 ⁰C was compared to 15 ⁰C. There is an important threshold
temperature for Gambusia as below this threshold (10 oC) they are largely inactive, eat little or
nothing and do not breed. Therefore the attraction to water above this threshold is very strong.
This is demonstrated by a stronger attraction to 15 ⁰C over water 5 ⁰C cooler than is seen at 20
⁰C to water that is 10 ⁰C warmer.
2) Ability to locate a point source stimuli (heat and light)
A heater (turned off) was placed in a 5000 L tank, with a hoop of radius 50 cm and one of radius
1 m around the heater. Gambusia were added to the tank and left for one hour. Proximity of the
fish to the heater i.e. within 50 cm or 1 m was recorded over the hour. The experiment was
repeated with the heater turned on. The same method was employed for light as with heat.

Time: 0 minutes

Time: 30 minutes

Time: 60 minutes
Figure 3: Association of Gambusia with a point heat source in a 5000 L tank over a period of 60
minutes.
Summary of results
Gambusia show a strong preference for heat and light in a static environment. The preference is
not influenced by the presence of an object, but rather the presence of the stimuli.
3) Location of trap in water column float tests
Traps were placed at the surface, mid column and bottom of the water column in a 5000 L tank.
Gambusia were placed in the tank and the catch rate in each trap was recorded.
The trap at the surface caught around 10 times more Gambusia than the trap located mid column
and around 18 times more Gambusia than the trap at the bottom of the water column.
4) Field tests
Initially four trap types and hand netting were tested. The commercially available Gee-Minnow
(with a fine cloth mesh added to the exterior to prevent small fish escaping, Figure 4a) and
collapsible bait trap (Figure 4b) and two types of purpose built traps, circle (Figure 4c) and cube
(Figure 4d). Traps were set in the evening at randomised locations and removed the following
morning. Half the traps (randomly selected) had lights in them. Trap location and presence of
lights were reallocated to each trap daily to ensure random experimental design was maintained.
Trap type, location set date and time, removal date and time, light status (present/absent) and
catch data of both native species and Gambusia were recorded.

a)

b)

c)

d)

Figure 4: a) Gee-Minnow trap, b) Collapsible bait trap, c) cube trap, and d) circle trap.
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Subsequent trials have been conducted to test purpose built traps designed to maximise
interception area (Figure 5. a and b). Three types of fyke net are also being trialled (Figure 6).

a)

b)

Figure 5: Two Gambusia trap types with mesh wings to increase interception area and direct fish towards
the four vertical entrance slits to the trap.

Figure 6: V winged fyke net (bottom), double ended fyke (middle), and single winged fyke net (top).

Summary of results
All trap types showed significantly greater Gambusia catch per unit effort with lights in the traps
than without light (Figure 7).
The most effective traps were the modified Gee-Minnow, followed by the collapsible traps. Both
of these are commercially available. Hand netting removed more Gambusia than any of the trap
types.
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Figure 7: Catch per unit effort of Gambusia in four trap types, with and without light present at Tamar Island
Wetlands.

5) Preliminary results of a current data review suggest (Pitman et al. 2011)





Gambusia catch per unit effort (CPUE) appears to decrease if the soak time is greater
than 10-15 hours.
Fyke nets appear to have the highest CPUE.
When lights are left in traps permanently, it may decrease Gambusia catch rate.
Gambusia CPUE has declined over time at Tamar Island Wetlands. It is not clear if this is
due to reduced Gambusia abundance, or reduced effectiveness of traps.

Control after research







The labour cost of sewing mesh onto the Gee-Minnow traps was greater than the cost of
the traps.
Volunteers struggled to open and close the complex clip on the Gee-Minnow traps.
Ease of use of traps was a key factor due to the high level of volunteer input.
It was decided we would use collapsible bait traps as they are the easiest trap to use and
cheapest to obtain (less than $10).
A program of hand netting and trapping has been pursued since.
Control has been focused on the most publicly accessible sites to minimise Gambusia
availability and hence risk of people moving Gambusia to new sites.

Key messages
 The Gambusia program has only been successful due to the collaboration between natural
resource management, research partners and volunteer programs.
 A coordinated approach is a key driver of the program–no one group could be as
successful.
 Eradication and control efforts must be validated by an annual survey. Conduct these
checks in warm sunny conditions at the end of summer or early autumn when Gambusia
populations are generally largest and most easily detected.
 If you are working in a lowland area (particularly a coastal area) check for presence of acid
sulphate soils.
 Volunteers are valuable. More than half our on ground control work is conducted by
volunteers.
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Knowledge gaps/ Management / Research recommendations
 Continued engagement of stakeholders is mandatory for this program to remain successful.
 Heat was the most effective attractant in Tasmanian laboratory trials, but has only had
cursory investigation in the field. It needs thorough investigation.
 Is there a 'novelty effect' of traps? Do Gambusia investigate new objects in the water,
leading to a high initial catch rate which declines over time? If so this behaviour can be
exploited. This needs investigation.
 Do Gambusia learn to avoid, or escape from traps over time? Do longer or shorter soak
times have an impact on whether this happens?
 Further development of lightweight traps for use in multiple areas. This would include
“surface” traps for use in shallow waters to exploit the swimming behaviour of Gambusia.
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Questions & answers session
Q- What temperatures did you heat the water to?
A- We looked at 5 C temperature differences e.g. the difference between 10 and 15 C. Below
10 C is a threshold— they are not active (swimming, breeding etc). The 5 C temperature
difference didn’t work as well as an attractant at warmer temperatures though.
Q- Could you use shading to get them to congregate?
A- I haven’t done so yet but it could be a good way to get them to congregate in one area.
Natives tend to stay in cooler waters whereas Gambusia are attracted to warmer water. This also
makes revegetation a really good tool.
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Community control of Gambusia in the Upper Murrumbidgee region,
project overview
Tanya Rucosky Noakes1 and Matthew Beitzel2
1
Upper Murrumbidgee Waterwatch; ACT Conservation Research and Planning2
Objectives / background
Gambusia were introduced into Australia in the 1920’s for mosquito control. They are not good at
mosquito control but are very aggressive and harass small native fish and other aquatic animals.
Gambusia have been identified in the decline of more than 30 fish species worldwide, at least
nine of which occur in Australia. They have also been identified as a key threatening process for
frog populations and are implicated in the decline of more than 10 species of frogs in Australia.
Wide spread in mainland Australia, Gambusia prefer shallow slow open water and temperatures
of around 25 °C but can survive ice covered lakes and up to 40 °C.
Anecdotal data from the Upper Murrumbidgee indicates that Gambusia are poor swimmers, and
do not effectively colonize upstream during spates or flood events when chains of dams and
pools are in contact with each other. Rather, we suspect that the primary vector of their spread
upstream is by humans actively transporting them.
With this in mind, ACT Conservation Planning and Research (CPR) and Upper Murrumbidgee
Waterwatch (UMWW) felt a control program which engaged and educated the community would
assist in keeping Gambusia from being reintroduced into ponds which had been cleared of them.
The objective of this project is to engage community in the removal of Gambusia from urban
dams and ponds. It is hoped this will both eradicate Gambusia in a cost-effective manner from
these ponds and educate the community about the spread of and concerns about feral fish.
Summary of findings
We are currently in the middle of the first year of this project, and thus do not yet have any
conclusive findings.
Using UMWW networks, the project has identified bodies of water that have community interest
supporting Gambusia control. The UMWW is assessing these water bodies in terms of their level
of infestation, connectivity to other waterways, placement in the catchment, access, substrate,
vegetation and size. Levels of infestation have been evaluated by dip netting as well as visual
observation (five minute to ten minute increments). Based on these evaluations, UMWW and
CPR priotitized ponds for control.
Using techniques laid out in the Victoria seine netting project (see Tonkin et Al., paper from this
Forum), volunteers, under the direction of CPR staff, will undertake Gambusia removal in the cold
winter months when fish numbers are low and the animals congregate in warm sunny areas.
In the Victorian study, complete eradication was achieved in 20% of water bodies treated. As
these bodies of water tended to be larger than most currently under evaluation, we expect as
good if not better initial success rates.
Concurrent with water body assessment and physical control, UMWW is running a community
education and engagement program focused on the hazards of releasing Gambusia into local
ponds and waterways.
Subsequent to Gambusia control work, sites will be re-evaluated for presence or absence of pest
fish in the summer of 2012. Sites that are found to be free of Gambusia, will become candidates
for translocated populations of small bodied native fish (probably carp gudgeon) as deemed
appropriate by CPR, state/territory legislation and licensing requirements.
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Sites in which Gambusia have not been eradicated will be evaluated for their suitability to
continue control work, and if deemed to still be good candidates for control, will be treated again
with newly identified candidates in the winter of 2012.
It is hoped that across this initial year, essential learnings concerning what qualities make a water
body a strong candidate for complete control will continue to emerge beyond those
characteristics already identified.
Key messages
 Community have a strong contribution to make in the control of Gambusia both in terms of
removal and the cessation of their spread.
 Community offer a cost effective Gambusia management approach.
Management / Research recommendations
 Expansion of this project into other urban areas in conjunction with established community
NRM groups such as Landcare
Knowledge gaps
As we are currently in the middle of the project, we are still learning everything, including the
biggest question, “Will this work?”
 Wintering behaviour Resnick and Braun 1987,
 Fat cycling in the mosquitofish (Gambusia affinis): fat storage as a reproductive
adaptation. Oecologia. 1987. 73: 3, 401-413.Reznick Schultz Morey and Roff 2006
 On the virtue of being the first born: the influence of date of birth on fitness in the
mosquito fish, Gambusia affinis OIKOS 114: 135-147,Hughes 1985
 Seasonal changes in fecundity and size at first reproduction in an Indiana population of
the mosquito fish Gambusia affinis. American Midland Naturalist. 1985. 114: 1, 30-36.
 Slow swimming speeds in Gambusia Starrs T, 2009
 Swimming performance as a measure of exotic fish invasion risk in the Cotter River,
ACT . Australian National University Unpublished honours thesis
 Control efforts Tonkin Z. 2010 Presentation to MDBA Native Fish Strategy Forum
National Museum Canberra 2010.
 Dispersal high in good condition (>800m/day) Alemadi S Jenkins D 2008
 Behavioral constraints for the spread of the eastern mosquitofish, Gambusia holbrooki
(Poeciliidae). Biological invasions 11: 59-66
 Human assisted dispersal Ayres R Pettigrove V Hoffmann A 2010
 Low diversity and high levels of population genetic structuring in introduced eastern
mosquitofish (Gambusia holbrooki) in the greater Melbourne area, Australia
BIOLOGICAL INVASIONS 12: 11, 3727-3744
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Questions & answers session
Q- Who will kill the fish?
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A- Myself and Mathew Beitzel from ACT Conservation Research and Planning, together with
landcare groups. Ethics approval is through the ACT government.
Q- Can it be a problem with children?
A- We keep the fish alive until the children leave.
Q- Is it difficult to have an ongoing program because of the need to kill the fish?
A- Some people will need to be approved to undertake euthanasia. For community groups to do it
themselves, how do you facilitate getting a permit for people who are not in a Fisheries Agency?
Can a blanket approval be given to an organization such as a landcare group?
Comment- (Grant Scurr)- In Tasmania volunteers act under my permit. If it is a recognized
control program, animal ethics is not required.
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Spot the Gambusia; raising awareness of Gambusia
Rodney Price
Industry and Investment NSW

Objectives / background





Develop Gambusia specific education materials.
Distribute fact sheets and generate media releases with the goal of making Gambusia as
recognisable as carp within the study area (the township of Warren to the junction of the
Macquarie & Barwon Rivers).
Identify potential control sites and local interest in servicing a future community-based
Gambusia trapping program.
Provide indicative costing for equipment and training for a community based Gambusia
trapping program including permits.

Summary of findings
The communities in the project area are aware of Gambusia, though usually by other names.
They are not recognised by most as a pest fish — usually because of their unobtrusive size.
New research information was included in an up-to-date and informative fact sheet that was
distributed throughout the project area in hard copy form and is available in electronic form online
<www.dpi.nsw.gov.au/__data/assets/pdf_file/0009/384174/What-is-eastern-gambusia.pdf>.
Potential control sites in the project area are limited and will be easily reinfested if flooding
occurs. Local interest in controlling Gambusia in the project area was also limited to one or two
staff members of the local public schools.
In the rest of the Central West catchment there are many potential control sites that may have the
added benefit of being used to further educate the public. There was some interest from
individuals in starting a control program.
Developing a trapping program using volunteer labour is relatively cheap, however finding
sufficient numbers of motivated people is difficult.
Key messages
 Despite the impact of Gambusia, the public are largely unaware. Continued education
about the Native Fish Strategy at an increased level will improve the situation.
 Rehabilitation and restoration of waterways to encourage native fish recovery is vital.
Management / Research recommendations
 Catchment scale education programs combined with trapping sites at key locations to
demonstrate the scale of the problem.
 Research ideas:
o A comparison of Gambusia population densities at sites in and out of demo
reaches.
o Gambusia population densities in undisturbed versus disturbed environments.
o Are Gambusia like carp; do they reach high densities in a modified environment?
o Is there potential for daughterless Gambusia?
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Management of pest fish in New South Wales
Brigid Krug, Debra Ballagh and Melissa Walker
NSW Department of Primary Industries, Aquatic Biosecurity & Risk Management

Objectives/ background
Freshwater ecosystems are vulnerable to invasion by pests, including introduced animals and
weeds. Since European settlement many exotic fish have been accidentally or deliberately
introduced into NSW waterways, and some have become widespread pests.
The NSW Department of Primary Industries (DPI) has responsibilities for the conservation and
management of fish and marine vegetation in NSW, which is achieved through implementation of
legislation and policy (noxious fish provisions, fishing closures and quarantine provisions),
development of control plans and education strategies.
NSW DPI has a program including surveys, research, education and in limited cases, eradication
and control of pest fish. Unfortunately, once pest fish become established in a waterway it is often
extremely difficult, if not impossible, to remove them and therefore it is of primary importance to
focus on prevention rather than subsequent control.
Key messages




Prevention — Early reporting and prevention are highly important in protecting NSW
waterways from pest fish incursions.
Eradication — Only feasible in limited circumstances.
Control — A coordinated and holistic approach is most likely to be successful in
minimising the spread of a pest; this may include community education, multi-agency
support and collaboration, habitat restoration and native fish stocking.

Management/ Research recommendations





Raise public awareness and understanding of pest fish, their impacts and how to prevent
further spread of established populations.
Ensure stakeholders have realistic expectations from the currently available tools for
management of pest fish. Limitations and constraints should be acknowledged and
incorporated into planning and advisory materials.
Investigations into community attitude and knowledge of pest fish can help inform the
development of improved educational and advisory materials.
Pest fish management should be undertaken holistically in conjunction with aquatic
conservation and educational activities.
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Pest fish and the Australian Pest Animal Strategy
Dr David Dall
National Coordinator, Australian Pest Animal Strategy
LPO Box 5055, University of Canberra, Bruce ACT 2617 coordinator@apas.net.au

Objectives/ background
The Australian Pest Animal Strategy (‘APAS’; <www.apas.net.au>) is a framework plan
developed by the national Vertebrate Pests Committee (VPC) and agreed by all Australian
governments.
It sets out how the governments will work with each other, and with business, industry,
researchers and the community to manage the issues and problems associated with vertebrate
pests in Australia. A key function of the APAS is to provide a mechanism for coordinating
adoption of consistent national approaches to management of invasive pest species and their
impacts.
Key messages
 In cooperation with the Australian Weeds Committee, the VPC recently finalised the
‘National Categorisation System for Invasive Species’, which has been forwarded to the
National Biosecurity Committee for endorsement.


Consistent with the APAS, one of the categories established under this system is
expected to be ‘Established Invasive Species of National Significance’. This category will
identify pest species that have actual or potentially ‘nationally significant impacts’ across
one or more states or territories, which cannot feasibly be eradicated, and for which
national coordination of effort is needed to reduce/minimise their impacts.
 Several invasive pest fish – including Gambusia – appear to satisfy the criteria required
for Ministerial endorsement of a pest species as a member of this category.
 Identification of a specific pest fish taxon as an Established Pest Animal of National
Significance (EPANS) would assist to maintain a focus on investment of resources
required for development and delivery of strategies and technologies to reduce its impact
on the national environment.

MDBA Gambusia Forum 2011

73

Learned recognition and avoidance of invasive mosquitofish by the
glass shrimp (Paratya australiensis)
Currently under review: Freshwater Biology
Joshua Bool, Kristen Witcomb, Erin Kydd & Culum Brown
Objectives / background
Predator-prey interactions involve a complex evolutionary arms race for survival. Within this
relationship, prey have developed physical and behavioural adaptations allowing them to detect
and evade predators. One of the key weapons is the ability to adjust behaviour based on
experience (ie learning) which occurs in a risk-sensitive manner (Lima & Bednekoff 1999).
The development of anti-predator behaviour during ontogeny allows prey to potentially parry or
avoid future predation attempts. Anti-predator behaviour has both heritable and learned
components to it, the latter of which can be acquired through experience via exposure to
chemical and/or visual cues (Chivers & Smith 1994). Furthermore, innate and learned
components can interact (Magurran 1990; Magurran & Seghers 1990).
While it has been shown that a range of animals have the ability to learn predator recognition and
exhibit avoidance behaviours, the means by which an organism achieves this may be complex.
Aquatic organisms use chemosensory, vision and octavolateralis senses to detect the presence
of predators before making a decision on avoidance (Kelley & Brown 2011). Chemosensory
abilities are particularly important, especially in aquatic crustaceans (Carr & Gurin 1975; Ache et
al. 1976). Prey can detect the presence of a particular predator even when it cannot be seen, and
as a result, display appropriate anti-predator behaviour (Darwish et al. 2005; Brown & Chivers
2006).
The glass shrimp (Paratya australiensis), is widely distributed throughout Eastern Australia
(Richardson et al. 2004). This species is essentially seen as a freshwater shrimp but also
frequents estuaries (Walsh & Mitchell 1995). Apart from providing an important food source to
native animals within aquatic communities, shrimp in general play an important role in
ecosystems via nutrient recycling (Tamaki et al. 1997; March et al. 2001). Moreover, shrimp
strongly influence the constituents and distribution of algae and invertebrate communities
(Richardson & Cook 2006). Observations conducted in fishless streams suggest that glass
shrimp are active during the day but when fish are present they switch to nocturnal foraging
modes probably to avoid predation by visually orientated predators (pers obs). Thus factors such
as predation that strongly influence the shrimp behaviour and abundance are likely to have
secondary impacts on the entire freshwater ecosystem. Despite its broad distribution and
important ecological role, few studies examining the behaviour of P. australiensis have ever been
conducted.
The mosquitofish (Gambusia holbrooki), is a listed pest species around the world. Since its
introduction to Australia, Gambusia have been labelled a key threatening process due to their
damaging effect on ecosystems. For example, Gambusia have been observed to chase and nip
endangered native fish (Keller & Brown 2008) and frogs (Pyke & White 2000). Gambusia are a
generalist predator and primarily active during the day. Their diet is extremely broad but includes
a variety of freshwater crustaceans including P. australiensis. The distribution of both species
overlaps considerably and as Gambusia continue to colonise new habitats they will often
encounter naïve populations of native shrimp. Nothing is known about how Gambusia interact
with any Australian freshwater shrimp. The aim of this study is to determine whether the glass
shrimp, P. australiensis, can learn to recognise Gambusia as a potential predator and
subsequently alter their behaviour to reduce interactions.
To understand the impact we devised two experiments using naïve shrimp raised in earthen
ponds devoid of fish predators for multiple generations:
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Experiment 1:
We inserted the scent of Gambusia randomly into one of the arms of a Y-maze and aged tap
water into the other. We then allowed naïve shrimp to navigate the maze and select an arm. We
then split the shrimp into two group, one of which were exposed for three days in a tank occupied
by Gambusia in holding chambers which allowed for harassment but prevented consumption.
Both the exposed group and control group were then retested in the Y-maze.
Experiment 2:
Glass shrimp were housed in small groups in 16 aquaria. Each aquaria contained a small hide
(10 x 10 x 5 cm) in which the shrimp may retreat but the Gambusia could not access. After a two
week observation period, a single large female Gambusia was introduced to half of the aquaria.
After a three day acclimation period, shrimp activity levels were observed for another two week
period.
Summary of findings
Experiment 1:
Prior to exposure to Gambusia, shrimp had no preference for either arm of the Y-maze. After
exposure shrimp still appeared to have no preference for either arm, however exposed shrimp
took a significantly longer time to commence navigation of the y-maze the second time (Average:
320 s) whereas control shrimp took the same amount of time during both tests (Average: 180 s).
Experiment 2:
Shrimp in both control and exposed treatments expressed similar foraging activities prior to the
introduction of Gambusia with most activity falling between daylight hours. Once Gambusia were
added, the shrimp showed a significant shift to night activity.
Key messages



Shrimp exposed to a novel predator (in this case Gambusia) can learn and respond to
chemical cues, alone exhibiting a predation risk assessment freeze response.
When forced to live in conjunction with Gambusia, glass shrimp alter their foraging
behaviour to avoid both aggressive and competitive encounters. This behavioural plasticity
suggests an avenue for potential co-existence.

Management / Research recommendations
 Further studies should examine the behaviour of shrimp in semi-natural conditions and the
potential fitness consequences following the introduction of Gambusia. Such interactions
are likely to shape the entire aquatic ecosystem.
Knowledge gaps


To date much of our research has focussed on the influence of Gambusia on native
vertebrates, however, their effect on crustaceans and other invertebrates remains little
studied. It is likely that the introduction of Gambusia to a naïve ecosystem can completely
disrupt ecosystem function.
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Behavioural interactions between Gambusia holbrooki and the
vulnerable ornate rainbowfish Rhadinocentrus ornatus
Journal of Fish Biology,73, 1714-1724.
Krystle Keller & Culum Brown, Macquarie University
Objectives / background
Through its widespread introduction, Gambusia holbrooki has devastated several native species
worldwide. A highly documented example is of the reduction of the native Sonoran topminnow
(Poeciliopsis occidentalis) (Baird & Girard) in the U.S. (Meffe 1985). In Australia, G. holbrooki has
been implicated in the decline of many native fish and amphibian species (Morgan & Buttemer
1996; White & Pyke 1996; Komak & Crossland 2000). Where native fish and G. holbrooki coexist,
competition often occurs. This is due to an extensive niche overlap in requirements for food and
space, particularly when resources become scarce, which ultimately leads to competitive
exclusion (Pen et al. 1993; Arthington & Marshall 1999; Bøhn & Amundsen 2001). In addition, G.
holbrooki is a highly aggressive species causing direct damage to native species by fin nipping
(Myers 1965; Meffe 1985).
Gambusia holbrooki has the potential to decimate native fish populations with restricted ranges.
Rhadinocentrus ornatus has a patchy localized distribution, occurring in coastal wallum streams,
swamps and lake habitats on the east coast of Australia from Coffs Harbour to Fraser Island
(Arthington & Marshall 1999). Much of the habitat that it occupies also supports other vulnerable
species, including the honey blue-eye (Pseudomugil mellis) and the oxleyan pygmy perch
(Nannoperca oxleyana) (Arthington & Marshall 1996; Pusey et al. 2004). Collectively, these
species are under threat from a number of factors, including loss of habitat due to housing
development, forestry and agriculture as well competition with G. holbrooki (Arthington 1984;
Arthington et al. 1994; Arthington & Marshall 1999; Morris et al. 2001). Gambusia holbrooki is
known to predate on the eggs and larvae of R. ornatus (Ivantsoff & Aarn 1999). As a result of
these threatening processes, R. ornatus has been nominated for protection in Queensland and
NSW (Morris et al. 2001; Page et al. 2004). There are increasing concerns that if these
threatening processes are not addressed, the current status of R. ornatus may shift to
endangered.
The processes underlying the negative associations between G. holbrooki and Australian native
fish species have received little attention. The aims of this study were to: (1) examine the activity
patterns and antagonistic behaviour of G. holbrooki and R. ornatus, (2) contrast the behavioural
patterns of R. ornatus populations living sympatrically and allopatrically with G. holbrooki and (3)
determine habitat preferences for each species.
Summary of findings
Gambusia holbrooki frequently nipped and chased R. ornatus from all populations, with
individuals from allopatric populations being particularly vulnerable. Exposure to G. holbrooki was
also responsible for increased activity levels in R. ornatus and aggression in all R. ornatus
populations increased following repeated G. holbrooki exposure. This was particularly the case
for the sympatric R. ornatus populations, which exhibited a higher level of aggression during all
stages of G. holbrooki exposure.
Gambusia holbrooki and the allopatric R. ornatus populations showed very similar microhabitat
preferences, whereas the preferences for the sympatric R. ornatus populations have shifted to
facilitate cohabitation with G. holbrooki. The results suggest that sympatric populations of R.
ornatus have evolved or developed behavioural responses to G. holbrooki through niche and
character shifts.

Key messages
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The lack of prior experience with G. holbrooki renders the allopatric R. ornatus
populations particularly vulnerable to the potential impacts of this exotic species.
Naïve populations may be able to cope with invasions of G. holbrooki as long as they are
given time to evolve behavioural adaptations and find refuge from competition and
aggression.
Factors, such as habitat modification, can further threaten the survival of R. ornatus by
producing unfavourable environmental conditions

Management / Research recommendations


The rehabilitation of riparian habitats in disturbed habitats where Gambusia holbrooki
thrives is necessary to reduce the impact of this species on native species.
 The protection or rehabilitation of coastal wallum habitats is important as this type of
environment is where Rhadinocentrus ornatus along with a number of other vulnerable
fish species are commonly found.
Knowledge gaps


Far more information is needed about habitat use and diet preferences of sympatric and
allopatric populations of R. ornatus and G. holbrooki.
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Mitochondrial DNA diversity of Australian Gambusia holbrooki
populations: Insight into population structure and introduction sources
Hilal Varinli, Y.A. Aksoy, C. Brown and M.R. Gillings
Department of Biological Sciences, Macquarie University, NSW 2109, Australia
Objectives / background
Gambusia holbrooki is the most widespread freshwater fish in the world as a result of its
introduction into many countries for mosquito control. The history of its distribution around the
world and subsequently into Australia is unclear. According to some studies, G. holbrooki was
introduced to the Iberian Peninsula from a native population in North Carolina in the 1920s.
Subpopulations were then introduced to Italy and from there to other European countries and to
Australia (Grapputo et al. 2006; Vidal et al. 2010). However, other authors have suggested that
G. holbrooki were primarily sourced from Georgia, introduced into Italy, and thence to Australia
(Lloyd and Tomasov 1985; Pyke 2008). In Australia, G. holbrooki was further distributed by
military and health authorities during the Second World War. However, the source(s) of these fish
and their introduction history are controversial and poorly documented (Lloyd and Tomasov
1985).
The origins and subsequent dissemination of G. holbrooki in Australia provide us with an
opportunity to understand the dispersal and subsequent environmental consequences of invasive
pest species. We wanted to determine the number of independent introductions into Australia,
their likely sources and subsequent movement. To this end we collected fish from 75 locations
across Australia and examined mitochondrial DNA polymorphisms in over 500 individual fish by
sequencing the D-loop (control region) and a portion of the cytochrome b gene.
Summary of findings







Samples collected from locations across the east coast of Australia, ranging from northern
Queensland to Tasmania exhibited no variation in 320 base pairs of DNA sequence from
the mitochondrial D-loop.
Sequences generated from 337 base pairs of the cytochrome b gene did exhibit variation.
Samples conformed to one of three haplotypes; Hol1, Hol5 and Hol6, as defined by Vidal et
al. ( 2010).
Hol1 was the most abundant haplotype. It was found across the entire eastern coast
distribution, from Mossman in Far North Queensland to the Tamar Wetlands in Tasmania,
and throughout South Australia and Western Australia. However, it was not detected at all
sampling locations.
Hol5 was the second most common haplotype. It was often the only haplotype detected in
the middle latitudes, and particularly west of the Great Dividing Range.
A rare haplotype, Hol6, was carried by about one third of individuals from a single collection
location in Currambeen Creek on the south coast of NSW and in a single individual from
the Brisbane region.

Key messages
The main conclusion of this survey of mitochondrial DNA diversity in G. holbrooki is that there
must have been more than one population introduced to Australia. Explanations of a single
introduction from Italy cannot be correct, since Hol1 is the only haplotype present in Italy (Vidal et
al. 2010). Haplotype 5 is quite common in Australia and has thus far only been detected in
Greece and France, suggesting a second introduction directly from Europe, or from an as yet
unknown US location. Haplotype 6 has only been previously reported from Washington DC, thus
hinting at a possible third introduction.
The main conclusion is that G. holbrooki in Australia came from multiple sources. Australian
Gambusia must have undergone a series of genetic bottlenecks during their introduction
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pathway. Their adaptability and success despite significant reductions in genetic diversity is an
interesting evolutionary and management problem.
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SUMMARY ~ Knowledge gaps and management considerations
The summary below contains points discussed at the forum and does not necessarily constitute
the view of the MDBA.
Knowledge gaps
Biology









Population biology of Gambusia, including the factors controlling distribution and
abundance.
Coordinated and comparative evaluations of potential biological regulators (predators,
competitors, parasites) in native and invaded ranges.
Coordinated and comparative evaluations of dispersal dynamics in native and invaded
ranges, including a range of flow rates, in variable flow regimes and realistic conditions at
low flows.
Coordinated and comparative evaluations of G. Holbrooki trophic ecology in native and
invaded ranges (e.g. matched experiments, stable isotopes).
Does increased temperatures, through climate change, influence the times of year when
large densities of Gambusia are encountered?
Does Gambusia reach higher densities in modified environments?
Comparison of Gambusia densities in disturbed and undisturbed environments.
Further research on the population genetics of Gambusia from Western Australia,
Tasmania and regional areas.

Flow related studies







Does the timing of reproduction always differ between Gambusia and Murray hardyhead
to the extent that they are able to cohabit without substantial impact on the latter species?
Would the results in the lower lakes differ if the research was repeated in freshwater, or
was the competitive ability of Gambusia diminished in the salanised Boggy Creek?
Do the findings of the Lower Lakes study apply to other regions within the Basin? Are
there regional differences that influence the timing of spawning of Murray hardyhead that
would influence the recommended timings of environmental water?
Do the observations from the Lower Lakes study apply under broader flood scenarios?
Addressing natural flow regimes that provide variability favouring native fish species
should be investigated as an extension of the Lower Lakes project.
Do the main findings of the Lower Lakes study apply to other threatened native fishes?

Impacts of Gambusia
a) General





Long-term impacts of Gambusia on the population viability of native fauna.
Broad ecological consequences of Gambusia invasion on Australian ecosystems.
Effects of changes in Gambusia abundance on other components of the ecosystem.
Impacts of Gambusia on water quality.

b) Impacts on fish



Direct field based observations or unequivocal evidence of Gambusia predation or
aggression directed against New Zealand native fishes.
Habitat use and diet preferences of sympatric populations of Rhadinocentrus ornatus and
G. holbrooki
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Field based studies of the impact of Gambusia on rare specialised native fish species.
Long-term monitoring of fish communities within degraded site following Gambusia
removal.

c) Impacts on amphibians




To what extent does aquatic vegetation ameliorate the negative impacts of fish predation
on tadpoles?
What are the behavioural mechanisms that permit the tadpoles of some Australian frog
species to successfully co-exist (i.e. survive to metamorphosis) with predatory fish?
Greater research attention needs to be directed at understanding the turnover (i.e. local
colonization and extinction) of individual species within frog communities over time, and
how turnover relates to the presence of predatory fish and habitat conditions in ponds.

d) Impacts on invertebrates




More research focus on Gambusia predation on macroinvertebrates and occurrence of
trophic cascades.
Evidence of disruption to ecosystem function in naïve ecosystems.
Effects of Gambusia infestations on endemic mound spring invertebrates.

Community engagement




Investigations into community attitudes and knowledge of Gambusia to help inform
education material.
Raise public awareness and understanding of pest fish and their impacts and how to
prevent further spread.
Monitor community based control programs to measure their success.

Control






Develop methods for controlling or eliminating Gambusia.
Further studies on the source of overwintering fish to determine the best time to reduce
populations by serial depletion. Thorough investigation of heat as an effective attractant in
Tasmania.
Is there a “novelty effect” of traps? Does Gambusia investigate new objects in the water,
leading to a high initial catch rate which declines over time?
Does Gambusia learn to avoid, or escape from traps over time? Do longer or shorter soak
times have an impact on this?
Further development of lightweight traps for use in multiple areas, including surface traps
for use in shallow waters.

Mosquito control



Population biology of alternative native species to Gambusia in mosquito control
programs and assessments of any impacts from their introduction to waterbodies.
Population biology of mosquitos and the human diseases they carry, and evaluation of the
effectiveness of various programs aimed at reducing such diseases.

Management considerations
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General







Gambusia should not be used for mosquito control in most natural systems due to their
impact on non-target fauna.
Environments in relatively good condition will enable native fauna to shift their behaviour
in the short-term to cope with the invasion of Gambusia.
Rehabilitation of riparian habitats in disturbed areas should be undertaken to reduce the
impacts of Gambusia.
Over the long-term natural selection can alter the behaviour of native species to enable
them to cope with Gambusia.
Pest fish management should be undertaken holistically in conjunction with aquatic
conservation and education activities.
A freshwater strategy is required for Western Australia that should include a feral fish
strategy.

Genetic considerations




Localised populations of the same genetic structure should be considered as in the same
management unit.
Eradication and control should target isolated populations, as indicated by high levels of
genetic differentiation.
Community education and engagement is particularly necessary in areas where genetic
results suggest human-mediated dispersal.

Community engagement








There is an overall lack of community awareness regarding Gambusia.
Community awareness and education should accompany any management program.
Catchment scale education programs combined with trapping sites at key locations to
demonstrate the scale of the problem could be effective.
The Upper Murrumbidgee project could be expanded into other urban areas in
conjunction with established community natural resource management groups such as
Landcare.
Community group participation in removal exercises is feasible given the methodologies
that can be used for removal. Even if there are no immediate ecological benefits, there will
be substantial social benefits.
Ensure stakeholders have realistic expectations from the currently available tools for
managing pest fish. Limitations and constraints should be acknowledged and incorporated
into planning and advisory materials.
Continued engagement with stakeholders is essential for community-based programs to
be successful.

Control measures
a) General





Parasites may regulate G. holbrooki in its native range, but are largely unknown and
would require very careful study as potential control agents before any introduction.
Slow-flowing waters of the Basin may need comprehensive dispersal barriers to control
Gambusia access to key habitats that should remain fishless, such as some seasonal
wetlands. Points of access control in permanent waters may include irrigation pump
stations spillways and dams.
In the short-term, management and control of Gambusia should focus on sites containing
fish species which are limited in their trophic niche or within sites containing highly uniform
habitats, to maximize the ecological benefits of Gambusia reductions.
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A decision support tool has been developed for managers to assess the feasibility and
prioritise sites for Gambusia control actions (see Tonkin et al. page 56). This approach
could also be applied to other alien fishes, particularly those with limited socioeconomic
value such as goldfish and oriental weatherloach.

Environmental watering







In the Lower Lakes, refuge watering is beneficial to native species ecology and to offset
the potential threat of Gambusia.
The timing of environmental watering is important to maximize the benefits from
zooplankton blooms for Murray hardyhead recruitment because of increased survivorship
of hardyhead larvae and juveniles. In the Lower Lakes environmental watering should
coincide with Murray hardyhead breeding in October.
Conservation efforts to sustain threatened species may unintentionally suit Gambusia.
Gambusia have benefited from recent flooding in the Murray River
Pump placement/design may provide a mechanism for restricting Gambusia dispersal to
some managed environmental watering sites.

Amphibians






Management actions should focus on eliminating predatory fish from ponds to increase
their suitability as amphibian breeding sites.
Ponds could be drained, although this needs to be conducted outside the breeding period
for frog species to avoid eliminating tadpoles.
Fish poisons may be effective in small ponds.
Ensuring dense cover of aquatic vegetation in ponds (emergent, submergent and floating)
may improve the chances of tadpoles surviving to metamorphosis in the presence of fish
predators.
Creating ephemeral ponds in the vicinity of permanent ponds may provide breeding sites
provided they have adequate structures (e.g. levee banks and no hydrological
connections) to prevent infestations by Gambusia.

Other


A creative and less rigid approach to trialling rotenone work in sensitive areas should be
considered by relevant agencies and possibly championed by researchers in order to
allow on-going trial/adaption processes to be employed without the need for constant rewriting of ethics agreements, permits and referrals.
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WORKSHOP SESSIONS (Day Two) 1300-1515
Introduction
The workshop sessions were designed to provide the Murray—Darling Basin Authority (MDBA)
with information from key stakeholder groups on their interests and requirements in relation to
Gambusia management. The results will help the MDBA better define its role in Gambusia control
and the most effective ways to assist stakeholders.
Participants were divided into the following groups:
a) Scientists/Researchers
This group included people working in government natural resource management agencies,
universities and a number of consultants. Due to the relatively large number of scientists present,
they were divided into two groups for the workshop sessions.
b) Knowledge brokers
This group included NRM Extension Officers, Native Fish Strategy Coordinators, and Community
Advisors etc.
c) Community
This was a broad group including people that had a broad concern about river health and the
impact of alien species to those who were actively participating in Gambusia control projects.
The workshop was divided into two sessions designed to provide the MDBA with information on
what is driving people’s interest in Gambusia and the type of information that would assist them in
meeting their goals in relation to this alien species. The specific questions asked were as follows:
Session One (30 min)
Key drivers of interest in Gambusia.
1. Why are you interested in Gambusia?
2. What is driving your interest?
3. What specific work related to Gambusia are you involved in?
Session Two (30 min)
Key types and methods of obtaining information on Gambusia.
1. What type of information do you need on Gambusia?
2. What are the best ways of obtaining that information?
3. What is the best way for the Native Fish Strategy to share information about
Gambusia to your stakeholder group?
The different groups tackled these questions in different ways and some addressed different but
related questions in the course of the workshop sessions. The results are summarised in Tables
1 and 2. The tables are laid out so that easy comparisons can be made between the results from
the different stakeholder groups.

Summary – Session 1 Key drivers of interest in Gambusia
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From a scientific perspective, Gambusia is a good research animal because they are abundant,
widely distributed and easy to work on. There is also much to be learnt about their biology and
ecology. However, scientists were also concerned about the impacts of Gambusia on the
environment and the need to better understand these impacts. They also recognised the need to
develop realistic control measures. They were primarily driven by the need to better understand
the role of Gambusia in the ecosystem, their impacts and how to manage them. Knowledge
brokers were concerned because Gambusia are an established invasive species with potential
impacts on the environment. They were driven by legislative and management responsibilities
and pressure from politicians and the community. They recognised the need to raise the profile of
Gambusia as a pest species within the community. There was recognition within the community
group that Gambusia was potentially a good community engagement tool. The presence of
Gambusia was often raised as a concern by local communities tackling waterway restoration
programs. This concern led to community members’ seeking more information on control options
and ways of sharing experiences with other groups.

Session One – Key drivers of interest in Gambusia
Question 1 Why are you interested in Gambusia?
Scientists (1)

Scientists (2)

 Good research
animal (easy to
study, abundant).
 Desire to better
understand
ecology
(compare native
and invasive
ecology,
understand role in
ecosystem)
 Better understand
their impacts
(drivers or
symptoms of river
health, impacts
on larger native
fishes and
broader biotic
impacts)
 Investigation of
control measures
(are there realistic
options?)
 The problem is
not being
adequately
addressed
(broaden pest fish
focus from just
carp, very little
being done,
needs more
funding)

 Good research animal
(inherently interesting species,
invasiveness)
 Desire to better understand
ecology (Genetic research to
better understand why it is so
invasive, adaptable life
strategies and implications of
climate change, variability in
population structure)
 Better understand their
impacts (Impacts on
threatened fishes, resilience of
impacted aquatic systems,
impacts of Gambusia on frog
species).
 Investigation of control
measures (capacity to control
without impacting on native
fishes, transferability of
Gambusia management
actions to other catchments,
 Better Communication
(provision of management
information to broad
stakeholder groups particularly
for small bodied native fishes.
Convey information on the
impacts of Gambusia to
scientists, managers, the
broader community and
funding bodies)

Knowledge
brokers
 An established
invasive
species
 Potential/actual
impacts on the
environment
and
endangered
species.
 Legislative and
management
responsibilities
 Public and
political
pressures.

Community
 Gambusia is a good
community
engagement tool.
 Recognised as an
issue locally but little is
being done (important
in urban waterway
restoration, often
raised as an issue)
 Need for more
information on
management/control
options (Management
options across the
Basin required).
 Need for better
networking, sharing of
experiences (share
experiences including
wins and losses, share
learnings with
community groups,
schools)
 Knowledge brokering
(need access to
knowledge gained from
recent research, focus
on how to adopt
research, improve
monitoring methods).
 Funding (where do
community groups
seek funding?).

Questions 2 & 3 What is driving your interest? What specific work related to Gambusia are
you involved in?
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Scientists (1)

Scientists (2)

Knowledge
brokers

 Abundant and
widespread
species.
 Potential as an
indicators species
(widespread
through urban
environments, bio
indicator of
contamination
links to water
quality, trophic
processes).
 Has the recent
drought increased
Gambusia
impacts (removal
from refugia may
be important).
 Impacts on
macroinvertebrate
s and frogs.
 What to manage,
the habitat or the
species?

Community

 The potential
threat to
threatened
fishes
(concerns with
potential
impacts on
sustainable
fisheries).
 Public
education (the
need to raise
the profile of
Gambusia
within the
community,
reducing the
gap between
Gambusia and
other better
recognised
pests).
 Meeting
Legislative and
Management
requirements
(meeting state
strategic
planning
obligations).
 Reducing public
pressure for
action.

Summary – Session 2: Key types and methods of obtaining information on Gambusia
The first science group saw the need for clear policy direction driving investment in Gambusia
management and research. They also saw a related need for cost/benefit analyses regarding
Gambusia management. They identified the need for a consensus amongst scientists regarding
the impacts of Gambusia on receiving ecosystems. The second science group saw the need for
better information on control techniques and information on legal and ethics requirements to
assist community groups working on Gambusia control. They recognised the need for more
biological information and the desirability of a communication network to avoid duplication of
effort and shared learning. The knowledge brokers saw the need for better information on control
and management techniques as well as biological information to better define impacts. They saw
the need for cost/benefit analyses and better communication between people working on
Gambusia. Two groups provided a significant amount of information on stakeholder groups that
should be informed about Gambusia at the federal, state and local levels. Two groups
recommended that a forum be held on a regular basis to share information. Three groups saw the
electronic media as a key platform for sharing information. This included the use of web pages,
email networks and Facebook. The need for a centralised database was recognised by three
groups. One science group suggested the use of television via a professionally produced
documentary and again stressed the need for a consensus amongst scientists. Other
communication methods mentioned include fact sheets, Fish I.D. Cards and school education
programs. Recognised impediments to progress with Gambusia management included its low
funding priority, lack of control measures and lack of definitive data on impacts

Session One – Key drivers of interest in Gambusia
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Question 1 What type of information is required?
Scientists (1)
 Policies and Legislation,
Investment prioritisation
(no existing policies to
focus investment, no
prioritization of pest fish
management plans,
limited integration with
NRM Plans, EPBC Act
has no threatening
process for freshwater
fishes, no clear
responsibility for
Gambusia management.
 Cost/benefit analysis
(need estimate of
economic cost of
Gambusia, what is the
impact on recreational
fisheries, how to get
acceptance of cost of
impacts and cost of
interventions, investment
through recreational
fishing licences?).
 United view amongst
Scientists (need
agreement that
Gambusia are a problem
and agree on the
impacts and need for
management).

Scientists (2)
 Control techniques
(Tools that can be used
with confidence, what
works and what
doesn’t; site
prioritization, repository
for reporting outcomes
of control events,
MDBA?)
 Establishment of a
communication network
(Contacts, website,
Facebook page etc.).
 Information on legal
and ethics
requirements for
communities working
on Gambusia control.
 Biological information
(population biology,
influences of flow
regimes, connectivity
between populations,
life strategies e.g.
winter die offs).

Knowledge
Brokers

Community

 Control and
management
techniques
(information
sheets, best
practice for
monitoring,
feasible actions in
jurisdictions).
 Biological
information
(trophic
cascades,
relationship
between
Gambusia and
aquatic habitat).
 Targeted
communication
materials
(including videos)
 Cost/ benefit
analysis.
 Knowledge of
stakeholder
expectations.

Question 2 Who should know?
Scientists (1)

Scientists (2)

 National (National
Biosecurity, MDBA,
Federal politicians,
IACRC, Bush Heritage,
ACF, WWF, Trust for
Nature etc.)
 State (state government,
local government)
 South Australia (NRM
Boards, Groyder
Institute, DENR
threatened species
group, Biosecurity
(PIRSA), NFA, SARDI,
Waterwatch).
 Queensland (DEEDI,
DERM, Water Authority)
 New South Wales (
CMA’s, Sydney Water,
Universities)
 Victoria (Waterwatch,
Museums, DPI, CMA’s
DEC (plans), Melbourne
community)
 ACT (Universities,
Waterwatch)

Knowledge
brokers

Community

 International
(New Zealand)
 National
(SEWPAC,
Vertebrate Pest
Committee,
Federal water
managers,
MDBA, ANGFA,
Health
Department,
Murray Wetlands
Group,
LandCare).
 State
(Universities,
Recreational
Fishers, Local
Government,
Irrigation bodies,
Landholders,
EPA)

Questions 3 What needs to be communicated?
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Scientists (1)

Scientists (2)

Knowledge
brokers

Community

Knowledge
brokers

Community

 Environmental Impacts
(scientific consensus, a
focused summary of
existing evidence, and
impacts on broader
ecosystem, impacts on
icon species).
 Economic Impacts
(including how to
calculate it).
 Key knowledge gaps.
 The need for
investment.

Questions 4 How should information be shared?
Scientists (1)
Scientists (2)
 Television (Professional
documentary, Four
Corners etc.)
 Documentation of
scientific consensus with
accompanying press
releases.
 Field day displays
 Find champions within
key stakeholder groups
e.g. recreational fishers,
landholders etc.

 Forum to share results
(every two years).
 Electronic media (email
networks, quarter time,
electronic journal of
unpublished works, add
Gambusia to feral.org.)
 Central database
(repository of grey
literature-MDBA?)
 Collaborative control
trials.

Questions 5 Impediments?
Scientists (1)
Scientists (2)
 Gambusia not seen as a
high priority.
 Funding pathways don’t
exist.
 No planning and policy
mechanism.
 Economic costs of
Gambusia not available.
 Disconnection between
universities and natural
resource managers.
 Lack of clear messages
from fish biologists.
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 Electronic media
(websites,
electronic
newsletter, pest
fish database,
Facebook,
Gambusia App.).
 Stakeholder
network.
 School education
program.

Knowledge brokers

 Forum to share
results (every two to
three years).
 Electronic media
(newsletters, intranet
site as central
repository for
information in plain
English, Facebook,
electronic fact
sheets).
 Fish I.D. Cards.
 Information packs.
(current control
measures etc.
 School visits.
 Live displays
 Need social
marketing research.

Community

 Gambusia not seen
as a high priority.
 How do you tackle
an abundant and
widespread species?
 Limited conclusive
evidence of impacts.
 Limited public
education/engageme
nt.
 Lack of political will.
 Lack of management
tools.
 Difficulties with
permit approvals and
knowledge on ethics
requirements.
 Limited monitoring.
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