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Abstract

The global aquarium trade is based on private and public keeping of ornamental
species, especially fishes, but also underlays transport of countless biota into foreign
biogeographic provinces. Invasive fish represent a threat to native fish fauna
through direct competition for resources, predation and vectors for pathogens. Here,
we document detection of an initial incursion of three-spot gourami Trichopodus
trichopterus (originating from Asia and a species traded in Australia for > 50 years)
into an urban waterway in the Australian Wet Tropics. In this instance, the
advantageous air breathing characteristic of the focal species and the role it has as a
vector for spreading pathogens, parasites and disease, are among the attributes of
relevance to protecting native Australian fish assemblages and ecosystems.
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Introduction

Three-spot gourami, [Trichopodus trichopterus (Pallas, 1770); synonym -
Trichogaster trichopterus Pallas (Froese and Pauly 2025)], is a small-bodied,
obligate freshwater fish (max total length ~ 150 mm) originating from the
Mekong River basin in tropical Asia that has been traded globally as an
ornamental aquaria species for decades, and is also consumed by people in
some tropical nations (Rainboth 1996; Wahyudewantoro et al. 2021).
Three-spot gourami is characterised by a laterally compressed morphology
and occurs in a variety of colour morphs and patterning, most commonly
blue or silver with striking ocelli along the lateral line and extended pelvic
tin filaments (Frankel 1992). A rusty-gold colour morph is also commonly
traded and is popular among aquarium hobbyists (Coburg Aquarium
2023). Through the aquarium trade, the species has spread to continents
and islands beyond its natural biogeographic province including South
America and Indonesia (Geheber et al. 2010; Ishikawa and Tachihara 2014;
Nur et al. 2024; Rodrigues-Filho et al. 2018; Yanuarita et al. 2020). In
Australia, there are established populations of this species in a section of
the Brigalow Belt North (BBN) bioregion, part of the Eastern Coastal Australia
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Figure 1. Map of the State of Queensland, Australia (a), showing locations where 7. trichopterus have been detected near the city
of Cairns in this study (b) and known locations of this species in the lower Burdekin River region, near the township of Ayr (c).
Map has been produced using the QGlobe online mapping tool. Locations in both panels b and ¢ where T. trichopterus have been
detected are indicated by closed black circles. Sites where T. trichopterus were not detected in panel b are indicated by white circles.

freshwater ecoregion — the lower Burdekin River (Cummings and Hardy
2000; Abell et al. 2008; Perna et al. 20212; Waltham et al. 2020; Collins
2023; Australian Government 2025; see Figure 1). To the best of our
knowledge, the population in the lower Burdekin River is the only
established wild population of this species in Australia.

Three-spot gourami possess a range of traits that make this species
highly suited to the aquarium trade, and which inadvertently has also
enabled this species to colonise a range of habitats outside of its natural
distribution. These traits include a varied natural diet that consists of
invertebrates and algae (Talde et al. 2004) and a capacity to breathe air and
hence a high tolerance of hypoxic conditions (Herbert and Wells 2001;
Mendez-Sanchez and Burggren 2014). This species also has a high capacity
for dispersal during even minor flood events in the tropical wet season
(G.M. Collins personal obs.), which presents a risk for range expansion
beyond the current known distribution in the BBN bioregion. As a
biosecurity risk, three-spot gourami represent known vectors of parasites,
pathogens and disease with potential economic consequences to aquaculture,
recreational fisheries and aquatic ecosystems (Whittington and Chong
2007; Trujillo-Gonzalez et al. 2018).
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The overall aim of our study was to complete baseline fish surveys in an
urban catchment of the Wet Tropics bioregion of north-east Australia —
the Saltwater Creek catchment in Cairns municipality. Fish surveys were
completed to better inform environmental restoration initiatives and
catchment management activities by community groups and local
government (e.g. aquatic weed removal and drain cleaning) (Cairns
Regional Council 2025). Our baseline surveys presented an opportunity to
assess both the native and invasive fish fauna present within the catchment.
However, in this document our primary objective is to report the
occurrence of T. trichopterus in the Australian Wet Tropics bioregion of
north-east Australia.

Materials and methods

Study locations

In October 2020 and May 2021, sampling was conducted in the Saltwater
Creek sub-catchment, a small coastal system (~ 15 km?) highly influenced
by urban land-use in the city of Cairns, Wet Tropics bioregion (Figure 1).
Ten of the twelve reaches of this creek that were sampled were shallow
(< 1.5 m deep) and narrow (< 5 m wide) channelised freshwater streams
with flow dominated by stormwater runoff, sparse or absent riparian
vegetation and proliferation of aquatic macrophytes, including para grass
(Brachiaria mutica Forsskal, 1775). Two of the twelve sites were in
estuarine-influenced reaches of the catchment and were sampled with cast-
nets. At the time of sampling, flow in the freshwater urban waterways of
Saltwater Creek was negligible, with the exception of one site higher in the
catchment that receives spring-fed and year-round baseflow. We focus our
description in this paper on the two freshwater sites where three-spot
gourami were detected in the catchment.

Single pass backpack electro-fishing

Backpack electrofishing was used to move upstream and survey 50 m
sections of urban waterways (N = 10) in October 2020 and May 2021
(Figure 1). The stream where the majority of three-spot gourami were
detected is a channelised drain, upstream of an artificially constructed
wetland, Centenary Lakes, which itself is disconnected from the main
Saltwater Creek system due to the presence of a small (2 m high) weir
(latitude —16.901603, longitude 145.746434). Upstream of the wetland, the
channelised drain concludes at a culvert with concrete pipes that continue
underground as part of the urban stormwater drainage network. The
benthos at this location was heavily silted with a mix of fine and coarse
sediments, with the back-pack operator regularly knee-deep in mud and
additional surface water reaching up to waist depth. Stream banks were
cleared of vegetation on one side (forming part of urban thoroughfares), and
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Figure 2. An incursion of three-spot gourami in Cairns municipality, Australia: a) and b), the drain at which the incursion was
detected; c) a subsample of gourami that were backpack electro-fished in Cairns; d) gourami captured during sampling of the
Burdekin River catchment (separate study). Photos by G.M. Collins.

the opposing bank was comprised of rainforest tree dominated habitat
(Figure 2). Aquatic vegetation was dominated by water lilies (Nymphaea sp.)
and dense piles of leaf litter. Water depth at this site ranged from 0.4-1.4 m.

The second surveyed site in Saltwater Creek where three-spot gourami
were detected is a 0.5 km long channelised waterway that is tidally
influenced in the downstream reaches, but predominantly freshwater-
influenced in the upper ~ 0.1 km section under all but the highest astronomical
tides (latitude —16.907737, longitude 145.734118). This section of waterway is
characterised by steep, sloping banks that are dominated by grasses that are
frequently mowed by council maintenance crews. In-stream vegetation is
dominated by B. mutica that can encroach across the entire waterway, but
is aperiodically cleared during wet season rainfall events or by council
maintenance crews. Water depth at this site ranged from 0.1 to > 1.4 m.
The upper section of this reach of the waterway concludes at an open
concrete drain with a 0.5 m vertical drop on the downstream side of the
concrete apron that functions as a fish passage barrier for much of the year.
The open concrete drains continue for a further 0.4 km and also acts as a
fish passage barrier to refuge pools higher in the catchment.

Results

The majority of three-spot gourami detected in our study (N = 85) were
surveyed in one narrow earthen drain upstream of Centenary Lakes in Cairns
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Figure 3. Size structure of three-spot gourami sampled in Cairns (N = 86).

Municipality, Australia. Three-spot gourami were visually observed along
the entire reach of the earthen drain prior to backpack electro-fishing,
however the majority of fish were sampled within 5 m of the underground
stormwater pipes at the end of the transect due to the tendency of fish to
move upstream and away from disturbed water during sampling. The size
distribution of the sample (mean total length = 80 + 16 mm; min = 37 mm;
max = 121 mm), indicates an established adult population with some
smaller fish, and some evidence of recent recruitment (Figure 3). Three
individuals were visually observed (but not collected) in the lower third of
the transect, and one rusty-gold coloured individual was directly observed
prior to sampling but was not amongst the fish collected by electro-fishing.
Other alien fish species were detected at this site, specifically platys
(Xiphophorus maculatus Gunther, 1866), guppies (Poecilia reticulata Peters,
1859) and Mozambique tilapia (Oreochromis mossambicus Peters, 1852;
Table 1). Including three-spot gourami, invasive fish species comprised
65% of the abundance in our surveys of the earthen drain upstream of
Centenary Lakes (Table 1).

An additional survey of multiple sites (N = 9) in the Saltwater Creek
catchment in October 2020, which included sites (N = 4) that were also
surveyed in May 2021, did not result in detection of three-spot gourami.
However, in May 2021, three-spot gourami (N = 1) were detected at one
additional location in the Saltwater Creek catchment, at a site not directly
connected to Centenary Lakes due to the presence of a fish passage barrier.
No three-spot gourami were captured in the two sites surveyed with cast nets.

Discussion

The mechanism by which the three-spot gourami has been released into
the Saltwater Creek catchment in Cairns is unknown, however, it may be a
consequence of deliberate release. It should be noted that botanic gardens
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Table 1. Abundance (N) of fish species sampled along two 50 m transects of channelised urban
drains in suburban Cairns where T. trichopterus was detected. Invasive species are indicated by
an asterisk next to the species name (*). The proportion of the catch at each sites (% catch) is
also presented.

. . ite 1 ite 2
Fish Species ste Stte

N % of catch N % of catch
Ambassis interrupta (Bleeker, 1852) 8 2.1
Anguilla marmorata (Quoy & Gaimard, 1824) 8 2.1
Anguilla obscura (Glinther, 1872) 5 0.5 1 0.3
Anguilla reinhardtii (Steindachner, 1867) 2 0.2 12 3.1
Awaous acritosus (Watson, 1994) 6 1.6
Eleotris melanosoma (Bleeker, 1853) 1 0.3
Gerres sp. 3 0.8
Giuris aporocephalus (Macleay 1884) 8 0.8
Glossogobius illimis (Hoese & Allen, 2012) 6 1.6
Hypseleotris compressa (Krefft, 1864)) 293 30.6 247 64.2
Kuhlia rupestris (Lacepéde, 1802) 23 6.0
Lates calcarifer (Bloch, 1790) 1 0.3
Lutjanus argentimaculatus (Forsskal, 1775) 16 4.2
Melanotaenia splendida (Peters, 1866) 18 1.9
Mogurnda adspersa (Castelnau, 1878) 10 1.0
Mugilogobius sp. 1 0.3
* Oreochromis mossambicus (Peters, 1852) 14 1.5 48 12.5
* Poecilia reticulata (Peters, 1859) 522 54.4 2 0.5
Scatophagus argus (Linnaeus, 1766) 1 0.3
* Trichopodus trichopterus (Pallas, 1770) 85 8.9 1 0.3
* Xiphophorus maculatus (Giinther, 1866) 2 0.2
abundance 959 385
species richness 10 17
proportion of invasive species (%) 65.0 13.2

environments in urban centres represent potential targets for cultural
release of fish due to the prominence of such locations, high visitation rates
by the public and lack of general awareness of the potential negative effects
that invasive species can have on native fish populations. The overflow of
private ornamental ponds is also a candidate mechanism for release of
aquarium fishes into the Australian Wet Tropics bioregion, where rainfall
can be extreme in short time scales (e.g. > 650 mm in 72 h), and can exceed
4 m per year in the coastal lowlands (Bureau of Meteorology 2023; Ebner et
al. 2020).

Irrespective of the method of release and establishment, three-spot
gourami is not currently listed as a restricted or prohibited species in the
state of QLD (QLD State Government 2014), and it is therefore not an
offence to possess or distribute this species. Three-spot gourami are
already well established in waterways of the Lower Burdekin (Figure 2) and
now appear to be established in a small coastal catchment in the Australian
Wet Tropics bioregion, with potential to spread beyond the current range
and little known about the associated impact on native fauna. Our
observation of three-spot gourami in the Saltwater Creek catchment is
significant as it represents the first observation of this species in this
bioeographically distinct and hyper-diverse region of Australia (Unmack
2001). The fish fauna of Australian Wet Tropics is ecologically distinct
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from Dry Tropics catchments such as the Burdekin, featuring high levels of
endemism and shared species with Pacific Islands, and many others that
are not found elsewhere in Australia (Pusey and Kennard 1996; Pusey et al.
1998, 2004; Thuesen et al. 2011; Hammer et al. 2018).

The current incursion warrants further attention to at least determine its
spatial extent, with the broader Saltwater Creek catchment and adjacent
waterways an immediate priority. Three-spot gourami are highly effective
at dispersal through shallow (i.e. < 50 mm depth) water and across flooded
bitumen roads (G.M. Collins personal obs.). At a broader scale, climate
(often temperature) can be used as a predictor for establishment of alien
fishes (Bomford et al. 2010), and further increases in temperature may be a
factor in dispersal of this species. Furthermore, some fishes also naturally
proliferate in particular habitats. For instance, Siamese fighting fish (Betta
splendens Regan, 1910) have recently established in areas of northern
Australia (floodplain wetlands of the Northern Territory) that resemble
their native habitat (Hammer et al. 2019). Heavily vegetated swamps are a
favoured habitat for three-spot gourami in South-East Asia with similar
habitats common in the lower Burdekin River catchment, and also in
lowland areas where this species has been sampled in the Australian Wet
Tropics bioregion (this study).

Most studies on dispersal of three-spot gourami outside their natural
range focus on distribution, rather than on ecological impacts
(Mohammed et al. 2015), however Devi et al. (2025) investigated the
potential for dietary overlap with native fish species in Kerala, India. Devi
et al. (2025) found significant resource sharing between three-spot gourami
and an endemic and confamilial fish species, Pseudosphromenus dayi
(Kohler, 1908). Trophic consequences are frequently associated with alien
fish introduction (Martin et al. 2010; Busst and Britton 2017; Britton et al.
2019), with flow-on effects to fish populations including decreased growth
rates for some of the incumbent species.

The air-breathing capability of three-spot gourami provides a mechanism
for this species to thrive in waterways that are temporarily or persistently
hypoxic, which includes much of the species’ distribution across the lower
Burdekin River catchment (Loong et al. 2005; Collins 2023) and occasionally
within the study area in Cairns. This characteristic may provide three-spot
gourami with a competitive advantage over many native Australian fish
species that are less tolerant of hypoxia and presents a threat to the ecology
of tropical Australian waterways, notably in highly developed and modified
catchments. Limiting the dispersal of invasive fish species is imperative to
curtail their influence on native fish populations. Alternative methods of
invasive fish control such as waterway draining, netting, trapping or extractive
fishing often have limited or negligible effectiveness once a species becomes
established and prevention of release and dispersal remains the preferred
method of limiting the spread of invasive species.
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Many of the freshwater reaches found within the Saltwater Creek
catchment of Cairns, most notably the shallow concrete drains and other
fish passage barriers such as small weirs, may act to slow the spread of the
incursion of three-spot gourami, yet there are abundant lowland waterways
in suburban Cairns and adjacent peri-urban and agricultural areas that
contain suitable habitat. The current known distribution of three-spot
gourami in Cairns is confined to a small (15 km®) catchment, with
distribution limited to the upper (freshwater) sections of this waterway.
Much of the lowland reaches of Saltwater Creek are estuarine (salinity
~ 10-25 ppt) which will naturally limit the dispersal of stenohaline fish
such as three-spot gourami to adjacent catchments, yet during the tropical
wet season salinity in some of these normally brackish reaches may be < 1 ppt.
This periodic drop in salinity represents an opportunity for dispersal into
nearby waterways, as well as a potential vector for pathogens. It would be
informative to determine the prevalence of disease in field collected
gourami and native fishes in the Saltwater Creek catchment (Whittington
and Chong 2007), and to better understand the biosecurity risks posed by
invasive fish species to native fish populations, particularly for areas with
high endemicity such as the Wet Tropics World Heritage Area of north-
eastern Australia.

In Australia, aquarium fish represent a major source of invasive fishes
into freshwater ecosystems (Arthington 1991; Lintermans 2004) and
human transport pathways represent the primary vector for alien fish
movement (Garcia-Diaz et al. 2018). Recently, it has been posited that
translational ecology principles are required to address the threat of
aquarium fish introductions in northern Australia, whereby regional social
initiatives, and not just ecological science, are involved in preventing risk
to endemic ecosystems (Ebner et al. 2020). In this context, we echo recent
calls for increased investment in public education regarding the biosecurity
risks and illegalities of releasing unwanted aquarium fishes or accidental
escapes (Ebner et al. 2020). Ironically in this case (of the identified three-
spot gourami incursion in Cairns) frequently visited locations such as
botanical gardens and public aquaria represent candidate venues for
communicating the risks that invasive fish pose to native fish populations
to a wide cross-section of the public, including transient workers and
tourists in the Australian Wet Tropics. Specifically, there is potential for
traditional custodians of the land, current day waterway managers (e.g.
local and state government and water utility providers), community groups
(e.g. OzFish Unlimited and others) and retailers (e.g. local pet shop
owners, outdoor pond retailers) to champion best practice and bio-secure
aquarium and pond keeping as stewards of urban waterways in tropical
Australia.
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