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Abstract 

The introduction and spread of non-native species poses a significant threat to the 
health of freshwater ecosystems, and has recently been identified as the single 
biggest danger to threatened species survival in Australia. Notwithstanding, the 
importation, trade and keeping of exotic and potentially invasive freshwater fishes 
in Australia is significant, resulting in greater propagule pressure and higher risk 
for deliberate or incidental release into native waterways. The jaguar cichlid 
(Parachromis managuensis) is an invasive cichlid that has established non-native 
populations in many countries throughout the world. In December 2014, the 
Department of Agriculture and Fisheries in Queensland was notified of an incursion 
of jaguar cichlids in a stormwater retention dam in the Pioneer River Catchment, 
Mackay, Queensland. Rotenone was applied to the dam in January 2015, and around 
200 jaguar cichlid specimens at various life history stages were destroyed. Follow 
up surveys into mid-2015 did not detect the presence of any jaguar cichlid in the 
dam or in nearby creeks. In September 2017, the Department was notified of a wild 
capture of a mature jaguar cichlid in Fursden Creek, 1.5 km from the original 
incursion site. Follow up surveys in 2018/19 have also detected jaguar cichlid 
juveniles in surrounding tributaries, indicating successful establishment and 
naturalisation of the species in Australia for the first time. 
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Introduction 

The risks posed by potentially invasive species associated with keeping and 
live trading of ornamental fish is a growing concern globally (Whittington 
and Chong 2007). The popularity of keeping ornamental fish and reducing 
import costs has seen a marked increase in the demand and trade of exotic 
species (McNee 2002). In Australia, the ornamental aquarium fish trade is 
estimated to be worth approximately $350 million annually, encompassing 
fish breeders, wholesalers and traders, retail outlets and hobby sales 
(Moore et al. 2010). Approximately 8.7 million pet fish are estimated to be 
kept in Australia (Animal Medicine Australia 2016), with yearly imports of 
non-native fish exceeding 15 million individuals per annum (Morrisey at 
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al. 2011). Of the ~ 2000 species that are traded nationally, most are exotic 
to Australia, with many species having particular life history traits that 
render them suitable for naturalisation in Australian freshwater ecosystems 
(Moore et al. 2010). Of these species many are highly invasive, with the 
potential to impact directly on native biodiversity through predation or 
outcompeting for resources, or indirectly by altering vegetation structure, 
ecological and physical processes or landscape resilience (Corfield et al. 
2008; Ayers and Clunie 2010; Wilson et al. 2019). This can result in 
widespread environmental degradation, loss of biodiversity and creation of 
monospecific fisheries, loss of genetic purity (through hybridisation), and 
localised fish and/or invertebrate extinctions (Corfield et al. 2008). 

The impacts of invasive species are mediated through complex biotic 
and abiotic interactions that occur habitat-wide, often altering ecosystems and 
community assemblages irrecoverably (Murray-Darling Basin Commission 
2004; Harris 2013). Recent research has indicated that the introduction of 
invasive species poses a higher risk to threatened species than other 
anthropogenic factors such as agricultural or human disturbance, ecosystem 
disturbance, pollution or climate change (Kearney et al. 2018; Díaz et al. 
2019). Indeed the detrimental effects of non-native species introductions 
have been cited as a contributing factor in 68% of North American fish 
extinctions in the last 100 years, and an instrumental factor in the 
threatened status of up to 55% of Australian endemic freshwater fishes 
(Miller et al. 1989; Wagner and Jackson 1993; Lintermans 2004, 2013). In 
aquatic environments, once established in the wild invasive fish are almost 
impossible to eradicate, with methods limited to poisoning whole waterbodies 
and subsequently destroying all local fish and invertebrates in the process. 
It is also an expensive process in which complete eradication is rarely 
achieved. Once an invasive fish has naturalised, there may also be larger 
ongoing costs associated with mitigating spread, including funding 
alternative measures of containment (i.e. installing fish screens), conducting 
long term fish-down activities, and providing industry subsidisations. The 
environmental cost can rarely be quantified. 

The jaguar cichlid Parachromis managuensis (Günther, 1867), also 
known as the guapote tigre, is one of the largest members of the cichlidae 
family, growing to around 55 cm total length (TL) in the wild (Conkel 
1993; Agasen et al. 2006). Native to the freshwater ecosystems of Central 
America from Honduras to Costa Rica, it is a highly aggressive piscivorous 
species that prefer warm, highly eutrophic lakes and ponds with mud and 
silt benthic substrates (Marsh et al. 1989). The species is sensitive to cold 
temperatures, only able to withstand with lower lethal temperatures to 
around 12 °C (Shafland 1996), but can thrive in temperatures up to 33 °C 
(Agasen et al. 2006). It is a fecund fish, and females reach sexual maturity 
at around 10 cm total length (TL), and can deposit several thousand eggs 
on rocks or other hard substrates each spawn. Both parents will guard eggs 
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Table 1. History of non-native establishments of jaguar cichlid worldwide, in chronological 
order (where known or reported). 

Introduced to Introduced from Year Purpose Reference 
Honduras Nicaragua 1956 aquaculture Welcomme 1988 
El Salvador Nicaragua 1958 aquaculture Welcomme 1988 
Guatemala El Salvador 1958 aquaculture Welcomme 1988 
Panama Costa Rica 1972 aquaculture Welcomme 1988 
Cuba Nicaragua 1983 aquaculture Welcomme 1988 
USA – Florida unknown 1986 ornamental Shafland 1996 
USA – Utah unknown 1988 ornamental Marsh et al. 1989 
China Taiwan 1989 ornamental Ma et al. 2003 
USA – Hawaii unknown 1992 ornamental Mundy 2005 
Mexico unknown unknown ornamental Reis et al. 2003 
Singapore unknown 2003 ornamental Pallewatta et al. 2003 
Philippines unknown 2003 ornamental Agasen et al. 2006 
USA – Louisiana unknown 2004 ornamental Nico et al. 2016 
USA – Nevada unknown 2004 ornamental Nico et al. 2016 
Puerto Rico unknown 2007 ornamental Nico et al. 2016 
Singapore unknown 2011 ornamental Barros et al. 2012 
Australia unknown 2014 ornamental This paper 

and resulting fry (Yamamoto and Tagawa 2000; Agasen et al. 2006). Jaguar 
cichlids are readily identifiable by their projecting lower jaw, prominent 
canine teeth, black spots on fins and body, and row of black blotches along 
the lateral line (Kullander 2003). 

Jaguar cichlids have a long history of successful establishment in non-
native ecosystems around the world. Naturalised populations were reported 
early on in other parts of Honduras in 1956, followed by neighbouring 
countries El Salvador and Guatemala in 1958, believed to be attributed to 
their use as an aquaculture species. In the late 1970s they were discovered 
in Panama, followed by Cuba in 1983 (Welcomme 1988). After the species 
began becoming a popular ornamental fish, the first incursion in North 
American waterways was reported in 1986 in Florida, followed soon after 
by reports of naturalisations in Taiwan, China, Hawaii, and Puerto Rico 
(Marsh et al. 1989; Gestring and Shafland 1997; Ma et al. 2003; Nico et al. 
2016). As global trade of live fish increased significantly post-2003, more 
recent reports of jaguar cichlids establishing in other countries include 
Singapore (Pallewatta et al. 2003), the Philippines (Agasen et al. 2006), and 
Brazil (Barros et al. 2012) (Table 1). 

The history of the arrival of jaguar cichlids in Australia is uncertain. 
According to Arthington et al. (1999), the species has never been permitted 
for importation into Australia and that illegal smuggling of fish probably 
occurred sometime in the early 1980s. Shortly thereafter, the aquarium 
industry attempted to withdraw jaguar cichlids from trade (Arthington et 
al. 1999), however captive populations continue to persist to present day. 
The first assessment on the probability of successful establishment in 
Australian native waters for jaguar cichlid was completed in 1999, and 
deemed to be moderate-high based on their history of successful 
establishments elsewhere at the time (Arthington et al. 1999). In 2010, 
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another ornamental fish risk assessment was completed by the Australian 
Government, which also determined that jaguar cichlids were a high-risk 
species based on suitable climatic matches in the tropics, and the potential 
for impact on habitats and other species in Australian freshwater 
ecosystems (Moore et al. 2010). 

Mackay is a small coastal city located in central Queensland (21°08′28″S; 
149°11′10″E) in north eastern Australia, and has a humid sub-tropical 
climate. The city sits within the Pioneer River catchment, which covers an 
area of around 1550 km2, and incorporates as many as 10 major tributaries 
that are used for agricultural irrigation in the region. The Pioneer River 
itself also has a number of water storage facilities built along its course, 
including Teemburra and Kinchant Dams, the Mirani, Marian and 
Dumbleton Rocks Weirs, as well as off stream wetland lagoons that are 
popular with locals. In December 2014, the Department of Agriculture and 
Fisheries (DAF) in Queensland was first notified of a potential incursion of 
jaguar cichlids in a stormwater retention dam in Mackay. This study 
reports the identification and attempted eradication of this species in the 
dam, outlines the post-treatment survey and results, and documents 
successive captures of jaguar cichlid in the nearby tributaries of the Pioneer 
River in subsequent years, indicating successful establishment of this 
invasive species for the first time in Australian waters. 

Materials and methods 

Pre-treatment dam survey 

The incursion site was located between the Pioneer River and Fursden Creek 
(21°8′21.73″S; 149°8′45.09″E) in Mackay, Queensland, Australia (Figure 1). 
The stormwater retention dam, averaging 1.5 m deep and approximately 
1375 m2, was designed to capture potentially contaminated stormwater 
from the site to prevent run off into the nearby watercourses, although in 
times of significant rainfall the dam has the potential to overflow into these 
systems. In early January 2015, a pre-treatment fish survey was undertaken 
to confirm the presence and delimit the spread of jaguar cichlid in both the 
dam and adjacent creeks using 10mm mesh seine nets. A single pass of 
each side of the dam at 1.5 m depth was made, approximately 2.5 m from 
the bank. As jaguar cichlid is readily identifiable from Australian native 
species, the specimens captured were identified morphologically by fish 
biologists on site. Fish and crustacean species composition of the catch was 
also recorded. There was no detection of jaguar cichlid in any section of 
creek sampled outside of the retention dam, suggesting the population 
remained confined to the single waterbody. 

Rotenone treatment and eradication 

In early January 2015 an assessment of risk was conducted based on the 
overflow potential of the dam to nearby waterways, and the population 
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Figure 1. Regional map showing capture locations of jaguar cichlid since 2015 in Mackay, 
Queensland. 

contained within presenting a source for further infestation throughout the 
catchment. After consultation between local project facilitators (Catchment 
Solutions Pty. Ltd.), site owners and the DAF freshwater fisheries biologists, 
on 27 January 2015 the site was restricted to access and powdered rotenone 
was mixed and applied as an eradication treatment to the dam, and the 
removal of deceased fish were collected over the subsequent five days. 
Species composition and a sub-sample of the total catch was measured for 
fork length (FL) (cm) to identify size classes and life history stage. 
Application of rotenone was conducted under the Australian Pesticides 
and Veterinary Medicines Authority (APVMA) permit number PER13011 
and based on meeting the guidelines set out in the Manual for the use of 
rotenone for Queensland Department of Primary Industries and Fisheries 
(Department of Primary Industries and Fisheries 2005). 

Post-treatment surveys 

Post-treatment fish surveys were conducted in March, April and June 2015 
in the retention dam to determine proof of freedom of the infestation. 
Surveys utilised a boat mounted electrofishing unit consisting of a 7.5 GPP 
Smith-Root electrofisher, two dropper anode array and hull cathode. The 
effective field of this unit was approximately a 3 m radius centred on each 
anode. Multiple passes of the entire site were performed using a power on, 
power off technique to ensure the waterbody was sampled in its entirety. 
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Native fish species that were removed as a result of the rotenone treatment 
were re-collected from nearby waterways and reintroduced to the site in 
June 2015. 

Recreational fish capture and fish monitoring 

Longer term monitoring of the Pioneer River tributaries, including Fursden 
Creek, Janes Creek, McCreadys Creek and the Gooseponds (Figure 1) were 
conducted by Catchment Solutions Pty. Ltd. as part of other ongoing 
riverine and fishway monitoring projects in the region. Surveys utilised 
boat mounted and back pack electrofishers, and to a lesser extent fyke, 
seine and cast nets. DAF community education initiatives regarding the 
jaguar cichlid incursion were promoted through local fishing clubs and 
tackle stores, where fishers were encouraged to report all invasive fish 
captures to the department’s online “report a pest fish” page, or to local 
Queensland Boating and Fisheries Patrol (QBFP) and biosecurity officers. 

Results 

Pre-treatment dam survey 

The presence of jaguar cichlid was confirmed when the project staff deployed 
seine nets in the pre-treatment dam survey. Gambusia (Gambusia 
holbrooki) was the only other invasive teleost captured. Native species 
included flyspecked hardyhead (Craterocephalus stercusmuscarum), tarpon 
(Megalops cyprinoides), eastern rainbowfish (Melanotaenia splendida splendida), 
bony bream (Nematolosa erebi), and spangled perch (Leiopotherapon 
unicolor). Freshwater prawns (Macrobrachium spp.) were the only crustaceans 
caught, and invasive cane toads (Bufo marinus) were the only amphibians 
captured. 

Rotenone treatment and eradication  

The surface area of the dam was estimated around 1375 m2, with an 
average depth of 1.5 m. The deepest point was 2.4 m. Water temperature 
ranged between 30–31 °C. In addition to the species recorded during the 
pre-treatment survey, four large non-native goldfish (Carassius auratus) 
(Figure 2), and over 40 Agassiz’s glassfish (Ambassis agassizii) were also 
recorded. Gambusia were the most abundant species destroyed (1500), 
with approximately 200 specimens of jaguar cichlid also removed (Figure 2). 
A sub-sample of 16 jaguar cichlid were measured for fork lengths (FL), 
which ranged between 3 cm–18 cm FL, indicating a breeding population. 
Individual sexes were not recorded. 

Post-treatment surveys 

An initial post-treatment survey in the dam was conducted on 4 March 
2015. A single tarpon was recorded, resulting in further sampling rather 
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Figure 2. A) a 30 cm TL goldfish, and B) a 15 cm TL jaguar cichlid, both captured as part of the eradication procedure. Photo: 
Catchment Solutions Pty. Ltd. 

than the reapplication of rotenone at the site. Follow-up surveys were 
conducted in April and June 2015, with the same tarpon recaptured each 
time. The lack of jaguar cichlid captures during all post treatment surveys 
indicated that the eradication was successful, and restocking of the dam 
was undertaken with local native fish. 

Recreational fish capture and fish trapping 

Between February 2015 and June 2016 numerous fish surveys were 
undertaken throughout the lower Pioneer River catchment (Figure 1), with 
no captures of jaguar cichlid being recorded. In June 2017, DAF were 
notified of a wild capture of a ~ 20 cm TL jaguar cichlid by a recreational 
fisher in Fursden Creek, a tributary of the Pioneer River approximately 1.5 km 
from the original incursion site. The capture was validated with photographs 
and the site location confirmed by local biosecurity officers. Three other 
recreational captures were subsequently reported from Janes Creek (1) and 
the Gooseponds (2), in December 2017 and February 2019, respectively. In 
April 2018, several jaguar cichlid (~ 10 cm TL) were caught in fishway 
monitoring traps in Fursden Creek and Lagoons Creek. By March 2019, 
three juvenile jaguar cichlid (~ 3.1 cm TL) were also captured in fishway 
monitoring traps in Janes Creek (Figure 3). 

Discussion 

The introduction and spread of non-native species poses a significant 
threat to the health of freshwater ecosystems, and is the single biggest 
danger to threatened species survival in Australia (Kearney et al. 2018; 
Díaz et al. 2019). It has been well documented that the ornamental keeping 
of exotic fish is a high-risk pathway for accidental and deliberate release of 
fish and other aquatic animals, and almost all new establishments of exotic 
fishes since the late 1970s in Australia have been attributed to ornamental 
keeping (McNee 2002; Lintermans 2004; Webb 2007). As at 2010, there were 
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Figure 3. A 3.1 cm TL juvenile jaguar cichlid captured in fishway monitoring traps. Photo: 
Catchment Solutions Pty. Ltd. 

reportedly 30 non-native ornamental (aquarium) fish species known to 
have established in Australian freshwater ecosystems, and of these, only 10 
(33%) of these are currently listed on the List of Specimens taken to be 
Suitable for Live Import (Moore et al. 2010). This “Live Import List”, made 
under Section 303EB of the Environment Protection and Biodiversity Act 
1999 (EPBC Act), currently contains 260 freshwater fish species permitted 
for importation, even though an estimated 2000 species are currently 
traded. In addition to the illegal imports (approximately 5–10%; McNee 
2002), there are “legacy” species that have been present in Australia for 
many years, some of which were once permitted under previous statutory 
arrangements. It is likely some of these legacy species have persisted as 
captive populations, despite technically no longer being permitted. There is 
also currently speculation among fish enthusiasts that progeny of these fish 
are legally able to be kept and traded, as they were here “prior” to changes 
in the statutory arrangements and implementation of the Live Import List. 
This is a common misconception, and in Queensland it is an offence under 
the EPBC Act, and the Queensland Biosecurity Act 2014, to have any 
freshwater fish or invertebrate species or progeny of these species in 
possession that are not on the Live Import List. These are considered 
biosecurity matter in Queensland and fall under a general biosecurity 
obligation offence provision. 

Despite never historically being approved for live importation and 
possession, jaguar cichlids are openly traded in Australia through aquarium 
stores, online marketplaces, and hobbyist forum transactions. While in 
captivity they pose little threat to native ecosystems, the risk of naturalisation 
increases significantly through ornamental dumping of unwanted live fish, 
deliberate fish introductions to create new “fisheries”, and use as bait, 
which are all common vectors for the invasion and establishment of non-
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native fish in Australia (Lintermans 2004). Given the species long history 
of successful establishments elsewhere, the tropical climate match, 
abundant invasion pathways, and considerable trade in the species, it is not 
unexpected that establishment has occurred. Once established, invasive 
fish are almost impossible to eradicate in open water systems (Simberloff 
2003), and ongoing management costs can be considerable. Implementing 
management regimes that focus on preventing or reducing opportunities 
for the establishment of fish species in the first instance is essential 
(Lintermans 2004), and needs to be underpinned by a sound understanding 
of what species are being traded, how many are here, and where the 
population “centres” of the keeping of these fish are occurring. Further to 
this, understanding pathways of introduction (the means and routes a 
species is introduced), as well as vectors (biological pathways for diseases 
or parasites) and propagule pressure (numbers released that increase 
likelihood of establishment) are critical, yet significantly understudied in 
Australia (Lockwood et al. 2005; Hulme 2015). 

Extensive fish surveys in the two years following treatment at the 
incursion site failed to detect jaguar cichlid from waterways throughout the 
lower Pioneer Catchment. This highlights the limitation of traditional 
survey apparatus (electrofishing and netting) and the need for 
complimentary methods of detecting fish populations of low densities. 
Environmental DNA (eDNA) monitoring has gained widespread use as a 
surveillance tool for other invasive cichlid species in tropical Australia. 
Controlled trials found that DNA of a single fish could be detected for up 
to four days after being removed from a 0.4 mega litre water body (Robson 
et al. 2016). With greater sensitivity the likelihood of false negatives during 
detection monitoring can be reduced, allowing for more accurate tracking 
of the spread of invasive fish and early detection of new incursions. 
Containment initiatives may also be improved using eDNA as a monitoring 
tool, with earlier detection capabilities providing managers with the chance 
to deploy physical barriers (i.e. fish screens) to exclude the invaders from 
waterways reaches, and creating native refuges (Bylemans et al. 2016). 
With the threat exotic species pose to the natural systems, the development 
of eDNA monitoring methods should be prioritised for other high risk 
aquarium species known to occur in Australia. 

The Pioneer River Catchment area is regulated through the operation of 
both the Teemburra Dam and the Kinchant Dam, with flows managed via 
the Mirani, Marian and Dumbleton Rocks Weirs on the Pioneer River. The 
current established range of jaguar cichlid appears to be limited to the 
lower portion of the river and its tributaries below the Dumbleton Rocks 
weir. Natural upstream dispersal of the species under normal conditions 
will be hampered by the series of weir walls, however drownout of these 
barriers does occur during times of heavy rainfall. As such, there may be 
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worthwhile prevention and control efforts applied to successfully contain 
the spread of the species further in this region, providing complementary 
community education activities are undertaken to mitigate human-assisted 
translocation within and beyond the catchment boundaries. Other population 
centres in Brisbane, Townsville and Cairns should also be targeted for 
these activities to reduce the likelihood of a “multiple release scenario”, 
akin to the 1978 (Brisbane) and 1979 (Townsville) releases of the Mozambique 
tilapia (Oreochromis mossambicus). 

The ecological impacts from the introduction of this species are yet to be 
realised. Research that predicts the invasive success of jaguar cichlid should 
be undertaken, and include a range of environmental tolerance testing, 
prey preferences, and interactions with native and other non-native 
conspecifics to enable predictions about suitable habitat and rates of 
spread. Recent studies on other non-native cichlids also highlight 
ornamental fish dumping as a vector for exotic parasites being introduced 
to native fish populations (Lymbery et al. 2014; Wilson et al. 2019), a 
contemporary field of research that is significantly lacking in the 
Australian context. Given the use of jaguar cichlid to control Mozambique 
and Nile tilapia in aquaculture ponds in other parts of the world, there may 
be unintended consequences from the introduction and naturalisation of 
this species in the Pioneer catchment (COPESCAL 1984, 1986). As a 
piscivorous species, jaguar cichlids are also reported to prey upon spotted 
tilapia (Tilapia mariae), oscars (Astronotus ocellatus), and gambusia 
(Gambusia affinis) (Agasen et al. 2006). Given that the Pioneer River 
catchment area is heavily infested with O. mossambicus and G. holbrooki, 
there may be conspecific interactions here that result in unintended 
reductions in tilapia and mosquitofish abundances. This highlights a 
unique opportunity to undertake research to better understand the 
ecological niches these invasive fish species inhabit, leading to better 
integrated pest management strategy development at a local scale. 

Acknowledgements 

We would like to thanks Malcolm Pearce (Fisheries Queensland) who provided information 
regarding the initial incursion response. We also thank the anonymous reviewers who assisted 
in improving the original versions of the manuscript. 

References 

Agasen EV, Clemente JP, Rosana MR, Kawit NS (2006) Biological Investigation of Jaguar 
Guapote Parachromis managuensis (Gunther) in Taal Lake, Philippines. Journal of 
Environmental Science and Management 9(2): 20–30 

Animal Medicine Australia (2016) Pet Ownership in Australia 2016. Animal Medicines 
Australia Pty Ltd, Newgate Research, 35 pp 

Arthington A, Kailola PJ, Woodland DJ, Zalucki JM (1999) Baseline environmental data 
relevant to an evaluation of quarantine risk potentially associated with the importation to 
Australia of ornamental finfish. Report to the Australian Quarantine and Inspection Service, 
Department of Agriculture, Fisheries and Forestry, Canberra, ACT, 451 pp 

https://www.invasivesnet.org


 Naturalisation of Parachromis managuensis in Queensland 

 Holmes et al. (2020), BioInvasions Records 9(1): 146–157, https://doi.org/10.3391/bir.2020.9.1.19 156 

Ayers R, Clunie P (2010) Management of freshwater fish incursions: a review. PestSmart 
Toolkit publication, Invasive Animals Cooperative Research Centre, Canberra, Australia, 
152 pp 

Barros LC, Santos U, Zanuncio JC, Dergam JA (2012) Plagioscion squamosissimus 
(Sciaenidae) and Parachromis managuensis (Cichlidae): A Threat to Native Fishes of the 
Doce River in Minas Gerais, Brazil. PLoS ONE 7: e39138, https://doi.org/10.1371/journal. 
pone.0039138 

Bylemans J, Furlan EM, Pearce L, Daly T, Gleeson DM (2016) Improving the containment of a 
freshwater invader using environmental DNA (eDNA) based monitoring. Biological 
Invasions 18: 3081–3089, https://doi.org/10.1007/s10530-016-1203-5 

Conkel D (1993) Cichlids of North and Central America. TFH Publications, New York, 118 pp 
COPESCAL (1984) Informes nacionales sobre el desarrollo de la acuicultura en América 

Latina. FAO Inf. Pesca, 294(Suppl. 1), 138 pp 
COPESCAL (1986) Informe de la segunda reunión del Grupo de Trabajo sobre acuicultura 

Guayaquil, Ecuador. FAO Inf. Pesca, 373, 36 pp 
Corfield J, Diggles B, Jubb C, McDowall RM, Moore A, Richards A, Rowe DK (2008) Review 

of the impacts of introduced ornamental fish species that have established wild populations 
in Australia. Prepared for the Australian Government Department of the Environment, 
Water, Heritage and the Arts, 284 pp 

Department of Primary Industries and Fisheries (2005) Manual for the use of rotenone for 
Queensland Department of Primary Industries and Fisheries. The use of rotenone for the 
eradication of pest fish in Queensland. Brisbane, Queensland, 56 pp 

Díaz S, Settele J, Brondízio E, Ngo HT, Guèze M, Agard J, Arneth A, Balvanera P, Brauman 
K, Butchart S, Chan K, Garibaldi L, Ichii K, Liu J, Mazhenchery Subramanian S, Midgley 
G, Miloslavich P, Molnár Z, Obura D, Pfaff A, Polasky S, Purvis A, Razzaque J, Reyers B, 
Chowdhury RR, Shin Y, Visseren Hamakers I, Willis K, Zayas C (2019) Summary for 
policymakers of the global assessment report on biodiversity and ecosystem services of the 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services, 39 pp 

Gestring KB, Shafland PL (1997) Status and selected life history attributes of the exotic jaguar 
guapote Cichlasoma managuense in Florida. Florida Scientist 60(3): 137–142 

Harris J (2013) Fishes from elsewhere. In: Humphries P, Walker K (eds), Ecology of Australian 
Freshwater Fishes. CSIRO Publishing, Victoria, Australia, pp 259–282 

Hulme (2015) Invasion pathways at a crossroad: policy and research challenges for managing 
alien species introductions. Journal of Applied Ecology 52: 1418–1424, https://doi.org/10. 
1111/1365-2664.12470 

Kearney SG, Kearney AJ, Cawardine J, Reside AE, Fisher DO, Maron M, Doherty TS, Legge 
S, Silcock J, Woinarski JCZ, Garnett ST, Wintle BA, Watson JEM (2018) The threats to 
Australia’s imperilled species and implications for a national conservation response. Pacific 
Conservation Biology 25: 231–244, https://doi.org/10.1071/PC18024 

Kullander SO (2003) Cichlidae (Cichlids). In: Reis RE, Kullander SO, Ferraris Jr. CJ (eds), 
Checklist of the Freshwater Fishes of South and Central America. Porto Alegre: 
EDIPUCRS, Brazil, pp 605–654 

Lintermans M (2004) Human-assisted dispersal of alien freshwater fish in Australia. New 
Zealand Journal of Marine and Freshwater Research 38: 481–501, https://doi.org/10.1080/ 
00288330.2004.9517255 

Lintermans M (2013) Conservation and Management. In: Humphries P, Walker K (eds), 
Ecology of Australian Freshwater Fishes. CSIRO Publishing, Victoria, Australia, pp 283–316 

Lockwood JL, Cassey P, Blackburn T (2005) The role of propagule pressure in explaining 
species invasions. Trends in Ecology and Evolution 20: 224–228, https://doi.org/10.|1016/ 
j.tree.2005.02.004 

Lymbery AJ, Morine M, Kanani HG, Beatty SJ, Morgan DL (2014) Co-invaders: The effects of 
alien parasites on native hosts. International Journal for Parasitology: Parasites and 
Wildlife 3: 171–177, https://doi.org/10.1016/j.ijppaw.2014.04.002 

Ma X, Bangxi X, Yindong W, Mingxue W (2003) Internationally introduced and transferred 
fishes in China’s inland waters. Asian Fisheries Science 16: 279–290 

Marsh PC, Thomas TA, DeMarais BD, Douglas ME (1989) First North American Record of 
Cichlasoma managuense (Pisces: Cichlidae). Great Basin Naturalist 49(3): 387–389 

McNee A (2002) A national approach to the management of exotic fish species in the aquarium 
trade: An inventory of exotic freshwater species. Bureau of Rural Sciences, Department of 
Agriculture, Fisheries and Forestry Australia, 42 pp 

Miller RR, Williams JD, Williams JE (1989) Extinctions of North American fishes during the 
past century. Fisheries 14: 22–38, https://doi.org/10.1577/1548-8446(1989)014<0022:EONAFD> 
2.0.CO;2 

Moore A, Marton N, McNee A (2010) A strategic approach to the management of ornamental 
fish in Australia. Communication strategy and grey list review - a report to OFMIG. Bureau 
of Rural Sciences, Department of Agriculture, Fisheries & Forestry, Commonwealth of 
Australia, 75 pp 

https://doi.org/10.1371/journal.pone.0039138
https://doi.org/10.1111/1365-2664.12470
https://doi.org/10.1080/00288330.2004.9517255
https://doi.org/10.|1016/j.tree.2005.02.004
https://doi.org/10.1577/1548-8446(1989)014<0022:EONAFD>2.0.CO;2
https://www.invasivesnet.org


 Naturalisation of Parachromis managuensis in Queensland 

 Holmes et al. (2020), BioInvasions Records 9(1): 146–157, https://doi.org/10.3391/bir.2020.9.1.19 157 

Morrisey D, Inglis G, Neil K, Bradley A, Fitridge I (2011) Characterisation of the Marine 
Aquarium Trade and Management of Associated Marine Pests in Australia, A Country with 
Stringent Import and Biosecurity Regulation. Environmental Conservation 38: 89–100, 
https://doi.org/10.1017/S0376892911000014 

Mundy BC (2005) Checklist of the fishes of the Hawaiian Archipelago. Bishop Museum 
Bulletin in Zoology 6. Bishop Museum Press, 704 pp 

Murray-Darling Basin Commission (2004) Native Fish Strategy for the Murray-Darling Basin 
2003-2013. MDBC Publication No. 25/04 

Nico L, Fuller P, Neilson M (2016) Parachromis managuensis (Günther, 1867): U.S. Geological 
Survey, Nonindigenous Aquatic Species Database, Gainesville, FL, https://nas.er.usgs.gov/ 
queries/FactSheet.aspx?speciesID=445 (accessed 3 April 2019) 

Pallewatta N, Reaser JK, Gutierrez AT (eds) (2003) Invasive Alien Species in South-Southeast 
Asia: National Reports & Directory of Resources. Global Invasive Species Programme, 
Cape Town, South Africa, 111 pp 

Reis RE, Kullander SO, Ferraris Jr. CJ (2003) Checklist of the Freshwater Fishes of South and 
Central America. Porto Alegre, EDPIUCRS, 742 pp 

Robson HL, Noble TH, Saunders RJ, Robson SK, Burrows DW, Jerry DR (2016) Fine‐tuning 
for the tropics: application of eDNA technology for invasive fish detection in tropical 
freshwater ecosystems. Molecular Ecology Resources 16: 922–932, https://doi.org/10.1111/ 
1755-0998.12505 

Shafland PL (1996) Status of exotic fishes in Florida. Reviews in Fisheries Science 4: 101–122, 
https://doi.org/10.1080/10641269609388581 

Simberloff D (2003) How much information on population biology is needed to manage 
introduced species? Conservation Biology 17: 83–92, https://doi.org/10.1046/j.1523-1739.2003. 
02028.x 

Wagner R, Jackson PD (1993) The action plan for Australian freshwater fishes. Canberra, 
Australian Nature Conservation Agency, 122 pp 

Webb AC (2007) Status of non-native freshwater fishes in tropical Northern Queensland, 
including establishment success, rates of spread, range and introduction pathways. Journal 
and Proceedings of the Royal Society of New South Wales 140: 63–78 

Welcomme RL (1988) International introductions of inland aquatic species. FAO Fisheries 
Technical Paper No.294, 318 pp 

Wilson JR, Saunders RJ, Hutson KS (2019) Parasites of the invasive Oreochromis mossambicus: 
evidence for co-introduction. Aquatic Invasions 14: 332–349, https://doi.org/10.3391/ai.2019. 
14.2.11 

Whittington RJ, Chong R (2007) Global trade in ornamental fish from an Australian 
perspective: The case for revised import risk analysis and management strategies. 
Preventive Veterinary Medicine 81: 92–116, https://doi.org/10.1016/j.prevetmed.2007.04.007 

Yamamoto MN, Tagawa AW (2000) Hawai'i’s native and exotic freshwater animals. Mutual 
Publishing, Honolulu, Hawaii, 200 pp 

https://nas.er.usgs.gov/queries/FactSheet.aspx?speciesID=445
https://doi.org/10.1111/1755-0998.12505
https://doi.org/10.1046/j.1523-1739.2003.02028.x
https://doi.org/10.3391/ai.2019.14.2.11
https://www.invasivesnet.org


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


