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Abstract

Reduced parasite species diversity and infection intensity on invasive populations
can facilitate establishment and spread of invasive species. We investigated the
parasite diversity of invasive populations of tilapia Oreochromis mossambicus from
published literature and necropsies conducted on 72 fish captured in the Ross River,
north Queensland, Australia. The parasite diversity of invasive O. mossambicus
from 13 countries was compared to published reports on endemic populations in
African river systems and tributaries to determine parasite species that had likely
been co-introduced. In total, four parasite species were shared between native and
invasive tilapia. We propose that these parasites (three monogeneans, Cichlidogyrus
tilapiae Paperna, 1960, Cichlidogyrus sclerosus Paperna and Thurston, 1969,
Cichlidogyrus halli (Price and Kirk, 1967) and one trichodinid T7richodina
heterodentata Duncan, 1977) have likely been co-introduced with invasive
Oreochromis mossambicus populations. Invasive Australian O. mossambicus had
substantially reduced parasite diversity (five species) compared to cumulative
parasite species diversity documented from the native region (23 species).
Australian O. mossambicus were infected by two co-introduced parasites and three
additional parasite species that have not been recorded previously on this species in
Africa indicating possible parasite “spillback” from Australian natives or
alternatively, acquisition from other introduced fauna. The substantially reduced
parasite diversity on invasive Australian O. mossambicus could contribute to the
ability of this species to become a serious fish pest.

Key words: co-invasive, Cichlidae, aquatic animal health, enemy release hypothesis,
spillback, ornamental fish trade

Introduction

The enemy release hypothesis proposes that invaders lose their co-evolved
parasites in the process of invasion, which might give them a competitive
advantage over native species (Torchin et al. 2003). Empirical support for
this hypothesis comes from observations across a range of taxa, which
confirm that invader populations typically harbour less than half the
parasite diversity found in native populations (Torchin et al. 2003; Tuttle et
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al. 2017). Various mechanisms lead to this pattern, such as the low
probability of parasitised hosts being translocated, early parasite extinction
following host establishment and absence of susceptible hosts in the new
location (MacLeod et al. 2010). However, the competitive advantage
conferred by the enemy release hypothesis may be reduced over time as
more parasite species are co-introduced with repeat incursions or as
parasite species from the invaded habitat/location infect the invader
population (Colautti et al. 2004; Goedknegt et al. 2016).

Those parasite species that survive the invasion period tend to exhibit
direct life cycles and/or low host-specificity and are thus more likely to
establish populations in the new location, either on the invasive host or
new native hosts (= co-invasion; Bauer 1991; Lymbery et al. 2014). Co-
invasion can have severe ramifications on native fish populations (Britton
2013). This is exemplified in Europe where the introduction of the Asian
cyprinid Pseudorasbora parva (Temminck and Schlegel, 1846) and its
associated protozoan parasite, Sphaerothecum destruens (Arkush,
Mendoza, Adkison and Hedrick, 2003) has caused mass population
declines for the endangered European cyprinid Leucaspius delineates
(Heckel, 1843) (see Gozlan et al. 2005). Some native parasite species may
also transfer to the invasive fish (Poulin and Mouillot 2003; Sheath et al.
2015). A potential consequence of this interaction is “parasite spillback”,
whereby the invasive fish species can act as a reservoir of infectious native
parasites that can negatively impact native fish populations already
pressured from other factors, such as competition (Kelly et al. 2009a).
Alternatively, “parasite dilution” may occur where native hosts have
reduced parasitic loads when other invasive fish species are present (Kelly
et al. 2009b). The complex interaction between the invasive host, parasites
and the environment has the potential to modify population regulatory
processes and have consequent flow-on effects to ecosystem dynamics.

Mozambique tilapia, Oreochromis mossambicus (Peters, 1852), is a major
pest fish species worldwide and can dominate waterways where it has been
introduced. The native range of O. mossambicus includes Malawi,
Mozambique, South Africa (Eastern Cape Province, KwaZulu-Natal),
Swaziland, Zambia and Zimbabwe (Cambray and Swartz 2007).
Oreochromis mossambicus has been introduced into rivers beyond its
native range in Africa and all continents except Antarctica (Global Invasive
Species Database 2006). The spread of this species has occurred through
escapes from aquaculture expansion and the ornamental aquarium trade
(Pullin 1988). In Australia, O. mossambicus has invaded the Pilbara
Drainage of Western Australia and extensive locations in Queensland
including the Burnett River, Burdekin River, Endeavour River and notably
the Ross River and its associated tributaries in Townsville (Arthington
1989; Veitch et al. 2006; Russell et al. 2012). The source of many incursions
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can generally be traced back to escapees from illegal stocks in farm dams,
ornamental ponds or to the aquarium industry (see Russell et al. 2012).
The species’ successful invasion of foreign river systems can be attributed
to its flexible life history traits, which include a wide thermal (12 °C-32 °C)
and salinity tolerance (0-36 ppt), an omnivorous diet and aggressive
territorial behaviours (Oliveira and Almada 1998; Uchida et al. 2000;
Schnell and Seebacher 2008; Zaragoza et al. 2008).

It is plausible that a reduced parasite faunal assemblage has facilitated
the success of invasive O. mossambicus populations. Recent research
showed that invasive populations of O. mossambicus in New Caledonia had
entirely lost their gill parasites (Firmat et al. 2016). Furthermore, Roche et al.
(2010) found introduced Nile tilapia, Oreochromis niloticus (Linnaeus, 1758),
was infected by a single parasite species from its native range, but shared
eight native parasite species (although at lower abundance) with the native
Vieja maculicauda (Regan, 1905). The parasite diversity of O. mossambicus
in its native range has been well documented (e.g., Madanire-Moyo et al.
2011, 2012; Sara et al. 2014), which provides an opportunity to examine the
potential for the co-introduction of parasitic organisms associated with the
invasion of tilapia. The first aim of this study was to identify parasite
species that may have been co-introduced with O. mossambicus worldwide.
This was determined by comparing parasite species that were shared
between the native distribution and invasive populations by generating a
comprehensive host-parasite list from published records. The second aim
was to examine parasite species diversity on invasive O. mossambicus
populations in the Ross River northern Queensland, Australia, to identify
co-introduced parasite species and the potential for parasite spillback.

Materials and methods
Global comparison of parasite fauna of Oreochromis mossambicus

An exhaustive list of known protozoan and metazoan parasite fauna of
O. mossambicus in native and invasive populations was assimilated from
published resources. The major search engines used included the
bibliographic database Web of Science (http://apps.webofknowledge.com)
and the library catalogue of James Cook University (https://www.jcu.edu.au/
library) using topic search terms “parasit*”, “Oreochromis mossambicus”
and the 26 synonyms listed in FishBase (Froese and Pauly 2018). The host-
parasite database of the Natural History Museum (Gibson et al. 2005;
http://www.nhm.ac.uk/; accessed on 09/05/2017) was also consulted for
records of helminths known to infect O. mossambicus. Farmed, aquarium,
research or experimental populations of O. mossambicus or hybrid hosts
were not considered as “native” or “invasive” populations; thus, parasite
records in these scenarios were excluded for this study. Some records were
omitted because the specific host fish location was not clarified or data
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were not presented in primary literature (i.e., books, book chapters, or
conference abstracts).

Comparisons of parasite faunal assemblages between native and invasive
populations should be made cautiously, as they are dependent on robust
and sensitive necropsies and accurate host and parasite species
identifications. Identifications can be verified if representative material is
deposited in curated museum collections, but unfortunately this is not
common practice. It is important to note that there are limitations to the
taxonomic resolution of existing studies and several studies that identify
parasite species do not necessarily aim to determine complete parasite
assemblages. Furthermore, sampling bias may occur through multiple
mechanisms including, but not limited to, seasonal sampling, sample gear
and fish size. Many systems, including the Ross River in Australia, are
inundated with numerous other invasive freshwater fish species (Webb
2007) and it is plausible that some parasite species could alternate origins
such as other native or invasive hosts, or have broad distributions. For the
purpose of this study, parasites identified to the taxonomic rank of species
that were shared between the native range and invasive O. mossambicus
populations were considered as evidence of co-introduction into non-
native aquatic systems.

Parasite species diversity on invasive O. mossambicus populations in the
Ross River

Oreochromis mossambicus is believed to have invaded the Ross River, north
Queensland, Australia and surrounding tributaries ¢. 1978 (Russell et al.
2012). Fish in this system (n = 10) have been previously genotyped by
Ovenden et al. (2015) and confirmed as the “mossambicus” haplotype. For
this study, 72 O. mossambicus were sampled between June to October 2016
from four locations within the Ross River catchment, Townsville, north
Queensland (Figure 1) including three freshwater localities Black Weir
(19.318°S; 146.737°E), James Cook University or “Campus Creek”
(19.329°S; 146.761°E), Aplins Weir (19.303°S; 146.781°E) and one brackish
locality in Annandale or “Annandale Creek” (19.307°S; 146.791°E). Black
Weir and Aplins Weir were river localities whereas Campus Creek and
Annandale Creek were associated small ponds or tributaries. At the time of
sampling there was no connectivity between locations due to lack of
rainfall. All fish were caught using a monofilament cast net (2.7 m drop,
19 mm mesh) or a dab net (0.4 x 0.4 m with a 10 mm stretched mesh). Fish
were placed immediately into individual buckets of dechlorinated
freshwater with strong aeration from a battery powered aerator and
transported to the laboratory for dissection. Sampling was conducted
under General Fisheries Permit Number 186281.
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Figure 1. Map of Ross River (lower) Catchment, Townsville, north Queensland, Australia
including the sample sites of Mozambique tilapia, Oreochromis mossambicus, from the
Townsville region: Black Weir, Campus Creek (James Cook University), Aplins Weir, and
Annandale Creek.

Table 1. Size and site data of sampled Mozambique tilapia, Oreochromis mossambicus in the
Ross River, n =72 (+ SE).

Campus Creek Annandale Creek Black Weir Aplins Weir

n 30 8 28 6
Length (mm)

X 76+3 634 229+3 248 + 56
Max 121 87 396 430
Min 34 54 100 102
Weight (g)

X 8+1 4+1 389+76 608 + 341
Max 30 10 1046 1959
Min 1 2 16.4 17

Thorough necropsies were conducted to recover protozoan and
metazoan parasites from O. mossambicus. Prior to dissection each fish was
overdosed with the anaesthetic AQUI-S (as per the manufacturer’s
instructions) in accordance with animal ethics approval (James Cook
University Ethics Approval A2065). Each fish was designated a unique
code. Weight (in grams) and total length (Lt in mm) was recorded to the
nearest millimetre for each individual. External examinations for parasites
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Table 2. Prevalence (%) and mean intensity of parasite fauna of Oreochromis mossambicus in the Ross River, Queensland,
Australia (based on the definitions by Bush et al. 1997). Representative specimens were accessioned to curated museum collections
including the Natural History Museum, London (NHMUK), Queensland Museum (QM) and the South Australian Museum (SAMA).

. Total number of  Prevalence Mean Average fish ~ Museum accession

Parasite . . .
parasites (%) Intensity size (mm) numbers

Argulus sp. 25 13 3 323431 11\19131;\/151\14456)215429—
Cichlidogyrus tilapiae 24 13 2 79+ 6 SAMA 36295-36303
Unidentified bivalve 45 18 3 278 +28 QM MO85831
Transversotrema patialense 1 1 1 87 QM G237842
Echinostome sp. 150 7 30 143+ 72 Not accessioned
Piscinoodinium sp. 2 3 1 383+ 14 Not accessioned
Ichthyophthirius multifiliis 1 1 1 350 Not accessioned
Unidentified encysted parasite larva 1 1 1 75 Not accessioned

were made by placing whole fish under a Leica M60 stereomicroscope.
Individual fish were submerged in physiological saline baths followed by
skin scrapes of the entire body surface to capture ectoparasites on the skin,
but the scales were not removed (Cribb and Bray 2010). The gill basket was
removed and each gill arch and associated gill filaments were examined for
gill parasites. All holding water and physiological saline baths were poured
through a 60 um sieve to capture macro-parasites that may have fallen off
during holding or transport. Endoparasites were sought by examining the
stomach, caecum and large intestine using a “gut washing” technique (see
Cribb and Bray 2010) and internal tissue squashes of liver, kidney, gall
bladder, spleen, brain, heart and muscle were made on glass slides and viewed
using an Olympus BX53 light phase contrast compound microscope.
Digital images were made of discovered parasite specimens using an
Olympus UC50 camera attached to the Olympus BX53 microscope.
Parasites were fixed in 70% EtOH, labeled and stored for future reference.

Parasites were identified to the lowest possible taxonomic rank using
comparative morphology techniques from published literature sources.
Monogenean parasites were identified using proteolytic digestion
techniques (Vaughan et al. 2008). Crustacean ectoparasites were mounted
on a concave slide, cleared in lactophenol, and examined at 40x
magnification under a Leica M60 stereomicroscope. Trematodes were
mounted, unstained, on a glass slide and examined under a Leica M60
stereomicroscope. Representative parasite specimens were deposited into
curated museum collections (see Table 2).

Results

A total of 38 putative parasite types have been reported from the native
range of Oreochromis mossambicus of which 23 have been identified to
species (Table 3). Records from invasive populations in Australia had
notably reduced documented parasite species diversity (13 putative parasite
types, of which five have been identified to species; Figure 2; Table 3). A
cumulative maximum of four parasite species were shared between native
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Figure 2. Schematic indicating the native parasite species diversity of Oreochromis mossambicus and the number of likely
parasite species co-introduced with other established invasive populations worldwide. The native range of O. mossambicus was
considered to comprise Malawi, Mozambique, South Africa (Eastern Cape Province, KwaZulu-Natal), Swaziland, Zambia and
Zimbabwe (IUCN). Numbers shown on the fish (LHS) indicate the total number of recorded parasite species in the native range
(i.e., 23 parasite species) and the country where the fish is invasive (RHS). Numbers between the fish indicate the total number of
shared parasite species between the native parasite assemblage and invasive populations in the specified country. Note that
sampling sensitivity varies between countries.

Table 3. Protozoan and metazoan parasite fauna of Oreochromis mossambicus in native and invasive populations.

Taxon Location Population Microhabitat Distribution References
Dinoflagellata
Piscinoodinium sp. Lom, 1981 Australia Invasive Gills Present study
Philippines Invasive NR Arthur and Lumanlan-Mayo
(1997) as Oodinidae gen. sp.
Oligohymenophorea
Apiosoma piscicola Blanchard, 1855  Native range® Native Skin Worldwide (Smit  Viljoen and Van As (1985)
etal. 2017)
Apiosoma viridis Native range Native Skin Africa Viljoen and Van As (1985)
Chilodonella hexasticha (Kiernik, Native range® Native NR Worldwide Oldewage and Van As (1987)
1909) (Bastos Gomes et
al. 2017)
***Chilodonella piscicola ((Zacharias  Vietnam Invasive NR Worldwide Arthur and Te (2006)
1894; syn. C. cyprini (see Moroff (Bastos Gomes et
1902) al. 2017)
Epistylis sp. Philippines Invasive Skin Arthur and Lumanlan-Mayo
(1997)
Ichthyophthirius multifiliis Fouquet,  Philippines Invasive Skin Worldwide Arthur and Lumanlan-Mayo
1876 (Trujillo- (1997)
Gonzalez et al.
2018)
Australia Invasive Skin and fins Webb (2003); Present study
Vietnam Invasive NR Arthur and Te (2006)
Paratrichodina africana Kazubski India Invasive Gills Americas, Africa Mitra and Bandyopadhyay
and El-Tantawy, 1986 and Asia (2005)
Scopulata constricta Native range Native Skin Africa Viljoen and Van As (1985)
Scopulata dermata Native range Native Skin Africa Viljoen and Van As (1985)
Scopulata epibranchialis Native range Native Gills, skin Africa Viljoen and Van As (1985)
Trichidinella sp. Philippines Invasive Gills Arthur and Lumanlan-Mayo
(1997)
Trichodina sp. Native range Native NR Oldewage and Van As (1987)
Philippines Invasive Gills Arthur and Lumanlan-Mayo

(1997)
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Table 3. (continued)

Trichodina canton Basson and Van
As 1994

Trichodina centrostrigeata Basson,
Van As and Paperna, 1983

Trichodina compacta van As and
Basson, 1989

Trichodina heterodentata Duncan,
1977

*Trichodina pediculus Miiller, 1786

Trichodina minuta Basson, Van As
and Paperna 1983
Bivalvia

Unidentified bivalve larva
(glochidium)
Chromadorea

Contracaecum sp. Raillet and Henry,
1912 (larvae)

Gnathostoma binucleatum Almeyda-
Artigas, 1991 (larvae)
Gnathostoma sp. (larvae)

Goezia nonipapillata Osorio-Sarabia,
1982

Paracamallanus cyathopharynx
(Baylis, 1923)

Procamallanus laevionchus (Wedl,
1862)

Rhabdochona sp.

Rhabdochona kidderi texensis
Moravec and Huffman, 1988
Un-identified nematode larva

Palaeacanthocephala
Telosentis sp.
Secernenta
Eustrongylid sp.
Trematoda

Clinostomum sp. Leidy, 1856

Clinostomum complanatum
(Rudolphi, 1814)

Diplostomum sp. Nordmann, 1842

Diplostomum compactum (Lutz,
1928)

Taiwan

Taiwan

India
Philippines
Native range

Israel
Australia

Vietnam

Native range

Australia

Native range

Mexico

Mexico

Mexico

Mexico

Native range
Native range

Native range
United States

Native range

Australia
Australia
Native range

Australia

Native range

Native range

Mexico

Mexico

Venezuela

Invasive

Invasive

Invasive

Invasive

Native®

Invasive
Invasive

Invasive

Native

Invasive

Native

Invasive

Invasive

Invasive

Invasive

Native

Native

Native

Invasive

Native

Invasive

Invasive

Native

Invasive

Native

Native

Invasive

Invasive

Invasive

Gills

Gills

Gills
Skin and gills
Gills

Gills
Gills
NR

Skin, fin and gills

Gills

NR

Free or
encapsulated in
abdominal cavity,
mesentery, liver,
stomach wall
Musculature
Musculature

Lumen of
digestive tract

NR

NR

NR

NR

Intestine

Operculum

NR
Body cavity

Encysted in
muscles

NR
NR

NR

NR

Oceania
Americas,

Europe, Asia,
Oceania

Americas, Africa,
Oceania
Worldwide

Europe, Asia,
Oceania
Africa

Americas

Americas

Africa, Asia

Africa, Asia

Americas

**Worldwide
(Sereno-Uribe et
al. 2013)

Americas

Basson and Van As (1994)

Basson and Van As (1994)

Mitra and Bandyopadhyay
(2005)

Arthur and Lumanlan-Mayo
(1997)

Basson et al. (1983)

Basson et al. (1983)
Dove and O’Donoghue (2005)
Arthur and Te (2006)

Basson et al. (1983)

Present Study

Boomker (1994a); Barson et
al. (2008a); Madanire-Moyo
et al. (2012); Sara et al.
(2014); Tavakol et al. (2015)
Pérez-Ponce de Ledn et al.
(1996); Moravec (1998)

Moravec (1998)

Moravec (1998); Vidal-
Martinez (2001): not sighted:
in Gibson et al. (2005)
Pérez-Ponce de Leon et al.
(1996); Moravec (1998);
Vidal-Martinez (2001): not
sighted: in Gibson et al. (2005)
Madanire-Moyo et al. (2012);
Sara et al. (2014)
Madanire-Moyo et al. (2012)

Boomker 1994a
Moravec (1998)

Boomker (1994a, b);
Madanire-Moyo et al. (2012)

Webb (2003)

Webb (2003)

Madanire-Moyo et al. (2012)
Webb (2003)
Barson et al. (2008a)

Madanire-Moyo et al. (2012)

Pérez-Ponce de Leon et al.
(1996)

Pérez-Ponce de Leon et al.
(1996); Lamothe-Argumedo
etal. (1997)

Aragort et al. (1997): not
sighted: in Gibson et al.
(2005)
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Table 3. (continued)

Drepanocephalus olivaceus Nasir and  Mexico Invasive NR Americas Pérez-Ponce de Leon et al.

Marval 1968 (1996)

Echinostome sp. Australia Invasive Gills Webb (2003); Present study

Metacercarial cysts Australia Invasive Body cavity Webb (2003)

Neascus sp. Von Nordmann, 1832 Native range Native NR Madanire-Moyo et al. (2012)

Neutraclinostomum intermedialis Native range Native Sara et al. (2014)

(larvae) Lamont 1920

Posthodiplostomum minimum Mexico Invasive NR Americas, Lamothe-Argumedo et al.

(MacCallum, 1921) Europe, Africa (1997);

Ribeiroia ondatrae (Price, 1931) Mexico Invasive NR Americas Pérez-Ponce de Leon et al.
(1996)

Saccocoeliioides sp. Mexico Invasive NR Vidal-Martinez (2001): not
sighted: in Gibson et al.
(2005)

Tetracotyle sp. Diesing, 1858 Native range Native NR Madanire-Moyo et al. (2012)

Transversotrema patialense Philippines Invasive Skin Worldwide Arthur and Lumanlan-Mayo

(Soparkar, 1924) Cruz and (Womble et al. (1997)

Sathananthan 1960 (syn. 2015)

Transversotrema laruei Velasquez,

1958)

Australia Invasive Skin Present Study

Tylodelphys sp. Diesing, 1850 Native range Native NR Madanire-Moyo et al. (2012)

Cestoda

Gryporynchid cestode larvae Native range Native Intestines Barson et al. (2008a);

Madanire-Moyo et al. (2012);
Sara et al. (2014)

Schyzocotyle acheilognathi Australia Invasive Intestine Worldwide Webb (2003)
(Yamaguti, 1934) (Kuchta et al.
2018)

Monogenea

Monogenea gen. sp. Phillipines Invasive NR Arthur and Lumanlan-Mayo
(1997)

Anacanthorus colombianus Kritsky Colombia Invasive NR Americas Kritsky and Thatcher 1974;

and Thatcher, 1974 Kohn and Pinto-Paiva (2000)

bCichlidogyrus spp. Native range Native Gills Olivier et al. (2009)

Cichlidogyrus sp. Venezuela Invasive Gills Aragort et al. (1997) not
sighted: in Gibson et al.
(2005)

Cichlidogyrus dossoui Douéllou, Native range Native Gills Americas, Africa Madanire-Moyo et al. (2011;

1993 2012)

Cichlidogyrus halli (Price and Kirk, Native range Native Gills Africa, Asia Olivier et al. (2009);

1967) Madanire-Moyo et al. (2011;

2012); Sara et al. (2014);
Firmat et al. (2016)

Japan Invasive Gills Maneepitaksanti and
Nagasawa (2012)
Cichlidogyrus sclerosus Paperna and ~ Native range Native Gills Americas, Africa, Paperna and Thurston (1969);
Thurston, 1969 Asia Olivier et al. (2009);

Madanire-Moyo et al. (2011;
2012); Firmat et al. (2016)

Colombia Invasive Gills Kritsky and Thatcher 1974;
Kohn and Pinto-Paiva (2000)
Japan Invasive Gills Maneepitaksanti and
Nagasawa (2012)
Cichlidogyrus tilapiae Paperna, 1960  Native range Native Gills Americas, Africa, Olivier et al. (2009)

Asia, Oceania Madanire-Moyo et al. (2011;
2012); Firmat et al. (2016; as
Cichlidogyrus cf. tilapiae)

Australia Invasive Gills Webb (2003); Present study
Colombia Invasive Gills Kohn and Pinto-Paiva (2000);
Kritsky and Thatcher (1974)
Japan Invasive Gills Maneepitaksanti and
Nagasawa (2012)
Dactylogyrus sp. Philippines Invasive NR Arthur and Lumanlan-Mayo
(1997)
‘Enterogyrus spp. Paperna, 1963 Native range Native NR Madanire-Moyo et al. (2012)
Enterogyrus cichlidarum Paperna Native range Native Stomach mucosa Olivier et al. (2009)

1963

Wilson et al. (2019), Aquatic Invasions 14(2): 332-349, https://doi.org/10.3391/ai.2019.14.2.11 340


https://www.invasivesnet.org

)

N wsivisher

Parasites of invasive tilapia

Table 3. (continued)

Scutogyrus sp. Pariselle and Euzet
1995

Scutogyrus chikhii Pariselle and
Euzet, 1995

Scutogyrus gravivaginus (Paperna
and Thurston, 1969)

Scutogyrus longicornis (Paperna and
Thurston, 1969)

Arthropoda

Argulus sp.
Argulus indicus Weber, 1892

Argulus japonicus Thiele 1900

Dolops ranarum (Stuhlmann, 1891)
Ergasilus sp. von Nordmann, 1832
Lernaea sp.

Lernaea cyprinacea

Subtriquetra rileyi Junker, Boomker
and Booyse, 1998
Clitellata

Zeylanicobdella arugamensis De
Silva, 1963

Native range Native Gills Firmat et al. 2016
Congo Invasive Gills Pariselle and Euzet (1995)
Native range Native Gills Olivier et al. (2009)
Native range Native Gills Madanire-Moyo et al. (2011;
2012)
Australia Invasive Body, Fins Webb (2003, 2008); Present
Study
Philippines Invasive NR Europe, Oceania  Arthur and Lumanlan-Mayo
(1997)
Native range® Native Skin Worldwide Avenant-Oldewage (2001);
(Trujillo- Sara et al. (2014)
Gonzalez et al.
2018)
Native range Native NR Africa Madanire-Moyo et al. (2012)
Native range Native NR Madanire-Moyo et al. (2012)
Native range Native NR Oldewage and Van As (1987)
Native range® Native Body Worldwide Robinson and Avenant-
(Welicky et al. Oldewage (1996); Barson et
2017) al. (2008b); Dalu et al. (2012);
Welicky et al. (2017)
Native range Native NR Africa Luus-Powell et al. (2008)
Sri Lanka Invasive Skin Asia, Oceania De Silva (1963)

Indicates parasites documented from the native range in southern Africa but are considered to have been introduced (i.e., exotic) in
that region as per Smit et al. (2017). ®Includes two proposed species. “Includes three proposed species. NR = not recorded. *See
Van As and Basson (1989) for discussion regarding the validity of the identification of this species from various freshwater fishes.
**See Bastos Gomes et al. 2017 for possible synonymy with C. hexasticha; see Sereno-Uribe et al. 2013 for account of taxonomic
instability. Identifications made by other authors were not authenticated because of the lack of accessioned specimens in curated
collections. Information on parasite species’ distributions was determined from records by FAO global regions (i.e., Africa,
Americas, Asia, Europe, Oceania). Where a parasite species can be found in all five regions the distribution was termed
‘worldwide’ and a key reference or review is indicated.
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and invasive populations (Table 3) including three monogeneans
(Cichlidogyrus tilapiae Paperna, 1960; Cichlidogyrus sclerosus Paperna and
Thurston, 1969 and Cichlidogyrus halli (Price and Kirk 1967)), and one
trichodinid (Trichodina heterodentata Duncan, 1977).

A total of 72 Oreochromis mossambicus were sampled from the Ross
River and surrounding tributaries. Campus Creek (76 + 3 mm; mean + SE)
and Annandale Creek (63 + 4 mm) had smaller average fish sizes in
comparison to Black Weir (229 + 3 mm) and Aplins Weir (248 + 56 mm;
Table 1). External necropsy of the skin and gills revealed that 35 of the 72
O. mossambicus examined were infected with parasites. Seven different
types or species were identified, comprising a monogenean (Cichlidogyrus
tilapiae Paperna, 1960), a branchiurid crustacean (Argulus Miiller, 1785
sp.), a parasitic larval stage of a freshwater mussel species (i.e., glochidium,
Sp.)» sp.
patialense dinoflagellate

unidentified bivalve two digeneans (Echinostome and
1924),

(Piscinoodinium sp. Lom, 1981) and one hymenostomatian (Ichthyophthirius

Transversotrema Soparkar, one

multifiliis Fouquet, 1876) (Table 2). We also found a single case of an
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unidentified encysted parasite larva on the skin (Table 2). No endoparasite
fauna were detected. This study provides the first record of O. mossambicus
as a host for parasitic bivalve larva.

Australian O. mossambicus shared two parasites with the native range in
Africa including Cichlidogyrus tilapiae and Trichodina heterodentata (see
Dove and O’Donoghue 2005; Webb 2003, 2008; present study). Australian
O. mossambicus were infected by three additional parasite species
(Ichthyophthirius multifiliis, Schyzocotyle acheilognathi (Yamaguti, 1934)
Brabec, Waeschenbach, Scholz, Littlewood and Kuchta, 2015 and
Transversotrema patialense) that have not been recorded on this species in
the native range (Table 3; Figure 2).

Discussion

Oreochromis mossambicus in Australia exhibited relatively low parasite
diversity (five species; 13 putative types) compared to the cumulative
species richness in native host populations (23 species; 38 putative types;
Figure 2, Table 3) and only two parasite species were proposed to be
co-introduced in Australia, with a total of four species considered
co-introduced elsewhere (Figure 2). Various parasite-host and environmental
interactions following incursion can account for this loss of parasite
diversity on invasive fish populations (Goedknegt et al. 2016). First, it is
plausible that some O. mossambicus were introduced into these new
localities without parasites. Second, parasites present on the infected hosts
might have died or been compromised during the transportation process,
decreasing the potential to establish in the new environment. Third,
co-introduced parasites could lack suitable intermediate hosts during
developmental stages to close life cycles and thus are unable to propagate
(Torchin et al. 2003). Finally, parasite loss can occur because of
environmental changes in the new locality (i.e., outside the tolerance limits
of the parasite species, but within the tolerance limits of the host fish) or
through predator interactions (Grutter 1999). These pressures contribute
to reduced parasite abundance on invasive fish species where low densities
inhibit the parasite species’ ability to establish populations in the non-
native environment.

Release from parasites, pathogens and predators or the “enemy release”
hypothesis has been cited extensively for invaders that have become
widespread. Torchin et al. (2003) found an average reduction of 50% in
parasite species richness of invasive populations compared to their native
counterparts. For example, invasive peacock grouper, Cephalopholis argus
(Bloch and Schneider, 1801), are host to ten parasite species in their native
range in the Indian Ocean compared to three species in invasive
populations in the Pacific Ocean (Vignon et al. 2009). Similarly, we found
invasive O. mossambicus in Australia were host to 13 compared to 38
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putative parasite types in their native range (Table 3). It is important to
consider that subsampling of hosts could result in an overestimation of
enemy release and that appropriate biogeographical sampling is needed to
eliminate bias (Colautti et al. 2005). Our sample size (n = 72) gave 95%
confidence of detecting parasites in the Ross River tributaries at a
prevalence of > 5% (Sergeant 2018). Furthermore, prior examination of
O. mossambicus in this system (i.e., Webb 2003) gives further confidence in
the temporal distribution of parasite species. Nevertheless, more species
may be found with an increase in the temporal and spatial scale of the
sampling within the Ross River.

Global comparisons of the parasite diversity of O. mossambicus showed
that the majority of parasites reported on invasive populations were not
shared with the native populations in Africa. Although parasite diversity
may be initially reduced on invasive hosts, exposure to new native parasites
in the new environment can potentially result in the addition of new
parasite species. Hence parasite loss for invasive fish is theorised to
decrease with increased residency in the new system (Colautti et al. 2004;
Goedknegt et al. 2016). The Ross River O. mossambicus population,
believed to have established nearly 40 years ago, was infected with 13
parasite types (Webb 2003; present study), of which only two species are
proposed to have been co-introduced (Figure 2). This indicates that the
Ross River population has limited original parasite diversity, but has
acquired up to eleven new parasites since its invasion.

One of the parasites recovered, the unidentified bivalve glochidium, is
believed to be indigenous to the Ross River system (Widarto 2007).
However, the remaining ten putative types have unknown origins. The
Argulus sp. collected in this study could not be compared with Webb’s
Argulus sp. A, which was also collected in the Ross River, because Webb
(2008) did not accession parasite specimens. Our Argulus sp. specimens
were clearly morphologically distinct from A. indicus Weber, 1892
(reported from O. mossambicus in the Phillipines; Table 3) and Argulus
japonicus Thiele, 1900 (reported from O. mossambicus in South Africa;
Table 3) and represent a new species. Thus, there was no evidence that the
Argulus sp. collected in this study was shared with the native range in
Africa.

The four parasite species we propose that have successfully been co-
introduced with invasive O. mossambicus elsewhere exhibit direct life
cycles (i.e., Cichlidogyrus tilapiae, C. sclerosus, C. halli and Trichodina
heterodentata). Parasite species that exhibit direct life cycles only require a
single host species to reproduce and it can be expected that parasites that
exhibit this life history will be able to establish and reproduce in optimal
conditions. Parasites that exhibit complex life cycles require multiple
susceptible host species (either new native hosts and/or suitable invasive
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hosts) and specific host interactions to successfully colonise new
environments. Trichodina heterodentata has been described from
O. mossambicus in its native range (Basson et al. 1983) and also from
O. mossambicus in introduced populations (Australia, Dove and
O’Donoghue 2005; Israel, Basson et al. 1983). However, it is possible that
T. heterodentata is not a native parasite of O. mossambicus and has host-
switched from other commonly introduced fishes on which it has also been
recorded, such as O. niloticus or Carassius auratus (see Basson and Van As
1994; Table 3). Dove and O’Donoghue (2005) found that T. heterodentata
infected 17 species of fishes in Australia and suggested the most plausible
origin was that it has been introduced to Australia with O. mossambicus.
Nevertheless, the authors note that there are multiple possible fish hosts
that could co-introduce T. heterodentata (see Dove and O’Donoghue 2005
for a list of known host fishes) and the possibility that T. heterodentata is a
native Australian species cannot be discounted.

The monogenean gill parasite Cichlidogyrus tilapiae, a native parasite of
O. mossambicus (see Madanire-Moyo et al. 2011, 2012) was recorded in the
invasive Ross River population (Table 2), but the co-invasion of C. tilapiae
on native fish species in Australia has not been investigated. However,
other cichlid parasites (including monogeneans, trematodes and cestodes)
can transfer from introduced African tilapias to native and non-native
fauna (Vanhove et al. 2016). For example, Cichlidogyrus spp. and Enterogyrus
malmbergi are believed to have transferred from exotic African Oreochromis
spp. to native American cichlid fish (Jiménez-Garcia et al. 2001). It is
plausible that Cichlidogyrus spp. could host-switch when translocated to
new environments given that Messu Mandeng et al. (2015) showed that
Cichlidogyrus spp. have host-switched from a cichlid host to Aphyosemion
spp. (Cyprinodontiformes, Nothobranchiidae) under natural conditions.
This is a concern because hosts that have not co-evolved with parasites
have little to no adaptive immunity against infection (Lymbery et al. 2014).

Parasite reduction on invasive fish hosts can lead to increased vigour
within the new environment. The absence of parasites and loss of parasite
diversity is likely to increase the fitness of the invasive hosts conferring
competitive advantages over most native fish (Colautti et al. 2004).
Furthermore, the loss of parasites may lead to a “compensatory release”
whereby energy invested in immunological responses are not needed and
are utilised for other growth mechanisms instead (Colautti et al. 2004).
This could result in increased invasive fish condition and fecundity, thus
turther contribute to the invasive success of O. mossambicus in non-native
rivers. However, parasite interactions are intrinsically complex and it is
evident from this study that O. mossambicus parasite fauna in the Ross
River, Australia, is in flux: they have lost many species from their native
range and acquired several species from their non-native range (see also
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Roche et al. 2010). Hypothetically, the loss of parasites has likely conferred
a competitive advantage to O. mossambicus (as per the enemy-release
hypothesis) and the gain of other parasites over time has probably altered
this competitive advantage. Further, that O. mossambicus have gained
other parasites suggests there is considerable potential for parasite
“spillback” to native species. However, the role of other invasive species in
this ecosystem should not be discounted. Importantly, while we have
observed changes in the parasite fauna of O. mossambicus, relative “fitness”
and spillback has not been measured. Furthermore, in comparing the
parasite fauna of Ross River O. mossambicus to other invasive populations,
it is clear that there are parasite species that have the potential to co-invade
that do not yet appear to infect O. mossambicus in the Ross River. Thus,
prevention of further incursions into already invaded systems remains
important to keep new parasitic diseases from becoming established.

Acknowledgements

We thank Alejandro Trujillo Gonzalez and David Vaughan from the Marine Parasitology
Laboratory, James Cook University for laboratory assistance. We thank the anonymous
reviewers for constructive comments on the manuscript.

References

Aragort WF, Leon EA, Guillén AT, Silva M, Balestrini C (1997) Fauna parasitaria en tilapias
del Lago de Valencia. Veterinaria Tropical 22(2): 171-187

Arthington AH (1989) Impacts of introduced and translocated freshwater fishes in Australia. In:
De Silva SS (ed), (1989) Exotic Aquatic Organisms in Asia. Proceedings of the Workshop
on Introduction of Exotic Aquatic Organisms in Asia. Asian Fisheries Society Manila,
Philippines, Asian Fisheries Society Special Publications 3, pp 7-18

Arthur JR, Lumanlan-Mayo S (1997) Checklist of the parasites of fishes of the Philippines.
Food and Agriculture Organization of the United Nations (FAO). FAO Fisheries Technical
Paper No 369, 102 pp

Arthur JR, Te BQ (2006) Checklist of the parasites of fishes of Viet Nam. Food and Agriculture
Organization of the United Nations (FAO). FAO Fisheries Technical Paper No 369/2,
133 pp

Avenant-Oldewage A (2001) Argulus japonicus in the Olifants River system - possible
conservation threat? South African Journal of Wildlife Research 31, 59¢63

Barson M, Bray R, Ollevier F, Huyse T (2008a) Taxonomy and faunistics of the helminth
parasites of Clarias gariepinus (Burchell, 1822), and Oreochromis mossambicus (Peters,
1852) from temporary pans and pools in the save-runde river floodplain, Zimbabwe.
Comparative Parasitology 75: 228-240, https://doi.org/10.1654/4337.1

Barson M, Mulonga A, Nhiwatiwa T (2008b) Investigation of a parasitic outbreak of Lernaea
cyprinacea Linnaeus (Crustacea: Copepoda) in fish from Zimbabwe. African Zoology 43:
175-183, https://doi.org/10.1080/15627020.2008.11657234

Bastos Gomes G, Jerry DR, Miller TL, Hutson KS (2017) Current status of parasitic ciliates
Chilodonella spp. (Phyllopharyngea: Chilodonellidae) in freshwater fish aquaculture.
Journal of Fish Diseases 40: 703—715, https://doi.org/10.1111/jfd.12523

Basson L, Van As JG (1994) Trichodinid ectoparasites (Ciliophora, Peritrichida) of wild and
cultured fresh-water fishes in Taiwan, with notes on their origin. Systematic Parasitology
28: 197-222, https://doi.org/10.1007/BF00009518

Basson L, Van As JG, Paperna I (1983) Trichodinid ectoparasites of cichlid and cyprinid fishes
in South-Africa and Israel. Systematic Parasitology 5: 245-257, https://doi.org/10.1007/
BF00009159

Bauer ON (1991) Spread of parasites and diseases of aquatic organisms by acclimatization - a
short review. Journal of Fish Biology 39: 679-686, https://doi.org/10.1111/1.1095-8649.1991.
tb04398.x

Boomker J (1994a) Parasites of South African freshwater fishes. VI. Nematode parasites of
some fish species in the Kruger National Park. Onderstepoort Journal of Veterinary
Research 61: 35-43

Wilson et al. (2019), Aquatic Invasions 14(2): 332-349, https://doi.org/10.3391/ai.2019.14.2.11 345


https://doi.org/10.1007/BF00009159
https://doi.org/10.1111/j.1095-8649.1991.tb04398.x
https://www.invasivesnet.org

2)

&

INVASIVESNET

Parasites of invasive tilapia

Boomker J (1994b) Parasites of South African freshwater fish. VII. Nematodes of some scaled
fishes from the Hartbeespoort Dam, Transvaal. Onderstepoort Journal of Veterinary
Research 61(2): 197-199

Britton JR (2013) Introduced parasites in food webs: new species, shifting structures? Trends in
Ecology & Evolution 28: 93-99, https://doi.org/10.1016/j.tree.2012.08.020

Bush AO, Lafferty KD, Lotz JM, Shostak AW (1997) Parasitology meets ecology on its own
terms: Margolis et al. revisited. Journal of Parasitology 83: 575-583, hittps://doi.org/
10.2307/3284227

Cambray J, Swartz E (2007) The IUCN Red List of Threatened Species — Oreochromis
mossambicus. International Union for Conservation of Nature and Natural Resources —
TUCN. http://www.iucnredlist.org/details/63338/0 (accessed 9 January 2018)

Colautti RI, Muirhead JR, Biswa RN, Maclsaac HJ (2005) Realized vs apparent reduction in
enemies of the European starling. Biological Invasions 7: 723-732, https:/doi.org/10.1007/
510530-004-0998-7

Colautti RI, Ricciardi A, Grigorovich 1A, Maclsaac HJ (2004) Is invasion success explained by
the enemy release hypothesis? Ecology Letters 7: 721-733, hitps://doi.org/10.1111/.1461-0248.
2004.00616.x

Cribb TH, Bray RA (2010) Gut wash, body soak, blender and heat-fixation: approaches to the
effective collection, fixation and preservation of trematodes of fishes. Systematic
Parasitology 76: 1-7, https://doi.org/10.1007/s11230-010-9229-z

De Silva PHDH (1963) Zeylanicobdella arguamensis gen. nov. and sp. nov. from Arguam
Kalapu, Eastern Province, Ceylon. Spolia Zeylanica 30(1): 47-53

Dove ADM, O’Donoghue PJ (2005) Trichodinids (Ciliophora : Trichodinidae) from native and
exotic Australian freshwater fishes. Acta Protozoologica 44(1): 51-60

Dalu T, Nhiwatiwa T, Clegg B, Barson M (2012) Impact of Lernaea cyprinacea Linnaeus 1758
(Crustacea: Copepoda) almost a decade after an initial parasitic outbreak in fish of
Malilangwe Reservoir, Zimbabwe. Knowledge and Management of Aquatic Ecosystems
406: 03, https://doi.org/10.1051/kmae/2012020

Firmat C, Alibert P, Mutin G, Losseau M, Pariselle A, Sasal P (2016) A case of complete loss
of gill parasites in the invasive cichlid Oreochromis mossambicus. Parasitology Research
115: 3657-3661, https://doi.org/10.1007/s00436-016-5168-1

Froese R, Pauly D (2018) FishBase. World Wide Web electronic publication. www.fishbase.org
(version 06/2018)

Gibson DI, Bray RA, Harris EA (2005) Host-Parasite Database of the Natural History Museum,
London. http://www.nhm.ac.uk/research-curation/scientific-resources/taxonomy-systematics/host-parasites/
(accessed 9 January 2018)

Global Invasive Species Database (2006) Species profile: Oreochromis mossambicus.
http://www.iucngisd.org/gisd/species.php?sc=131 (accessed 9 January 2018)

Goedknegt MA, Feis ME, Wegner KM, Luttikhuizen PC, Buschbaum C, Camphuysen K,van
der Meer J, Thieltges DW (2016) Parasites and marine invasions: ecological and
evolutionary perspectives. Journal of Sea Research 113: 11-27, https://doi.org/10.1016/j.
seares.2015.12.003

Gozlan RE, St-Hilaire S, Feist SW, Martin P, Kent ML (2005) Biodiversity - disease threat to
European fish. Nature 435: 1046—1046, https://doi.org/10.1038/4351046a

Grutter AS (1999) Cleaner fish really do clean. Nature 398: 672—673, https://doi.org/10.1038/
19443

Jiménez-Garcia MI, Vidal-Martinez VM, Lopez-Jiménez S (2001) Monogeneans in introduced
and native cichlids in Mexico: evidence for transfer. Journal of Parasitology 87: 907-909,
https://doi.org/10.1645/0022-3395(2001)087[0907:MIIANC]2.0.CO;2

Kelly DW, Paterson RA, Townsend CR, Poulin R, Tompkins DM (2009a) Parasite spillback: a
neglected concept in invasion ecology? Ecology 90: 20472056, https://doi.org/10.1890/08-1085.1

Kelly DW, Paterson RA, Townsend CR, Poulin R, Tompkins DM (2009b) Has the introduction
of brown trout altered disease patterns in native New Zealand fish? Freshwater Biology 54:
1805—1818, https://doi.org/10.1111/5.1365-2427.2009.02228.x

Kohn A, Pinto-Paiva MP (2000) Metazoan parasites in the neotropics: a systematic and
ecological perspective. In: Salgado-Maldonado G, Garcia Aldrete AN, Vidal-Martinez VM,
(2000) Fishes parasitized by Monogenea in South America. Instituto de Biologia,
Universidad Nacional Auténoma de México, Mexico City, Mexico, pp 25-60

Kritsky DC, Thatcher VE (1974) Monogenetic trematodes (Monopisthocotylea: Dactylogyridae)
from freshwater fishes of Colombia, South America. Journal of Helminthology 48: 59—66,
https://doi.org/10.1017/S0022149X00022604

Kuchta R, Choudhury A, Scholz T (2018) Asian fish tapeworm: The most successful invasive
parasite in freshwaters. Trends in Parasitology 34: 511-523, https://doi.org/10.1016/j.pt.
2018.03.001

Lamothe-Argumedo R, Garcia-Prieto L, Osorio-Sarabia D, Pérez-Ponce de Ledn G (1997)
Catalogo de la Coleccion Nacional de Helmintos, Instituto de Biologia, Universidad
Nacional Autéonoma de México Mexico City, Mexico, pp 101-134

Wilson et al. (2019), Aquatic Invasions 14(2): 332-349, https://doi.org/10.3391/2i.2019.14.2.11 346


https://doi.org/10.2307/3284227
https://doi.org/10.1007/s10530-004-0998-7
https://doi.org/10.1111/j.1461-0248.2004.00616.x
https://doi.org/10.1016/j.seares.2015.12.003
https://doi.org/10.1038/19443
https://doi.org/10.1645/0022-3395(2001)087[0907:MIIANC]2.0.CO;2
https://doi.org/10.1016/j.pt.2018.03.001
https://www.invasivesnet.org

2)

&

INVASIVESNET

Parasites of invasive tilapia

Luus-Powell WJ, Jooste A, Junker K (2008) Pentastomid parasites in fish in the Olifants and
Incomati River systems, South Africa. Onderstepoort Journal of Veterinary Research 75:
323-329, https://doi.org/10.4102/0jvr.v75i4.108

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

MacLeod CJ, Paterson AM, Tompkins DM, Duncan RP (2010) Parasites lost — do invaders
miss the boat or drown on arrival? Ecology Letters 13: 516-527, https://doi.org/10.1111/j.
1461-0248.2010.01446.x

Madanire-Moyo GN, Luus-Powell WJ, Olivier PA (2012) Diversity of metazoan parasites of
the Mozambique tilapia, Oreochromis mossambicus (Peters, 1852), as indicators of
pollution in the Limpopo and Olifants river systems. Onderstepoort Journal of Veterinary
Research 79: 1-9, https://doi.org/10.4102/0jvr.v79i1.362

Madanire-Moyo GN, Matla MM, Olivier PAS, Luus-Powell WJ (2011) Population dynamics
and spatial distribution of monogeneans on the gills of Oreochromis mossambicus (Peters,
1852) from two lakes of the Limpopo river system, South Africa. Journal of Helminthology
85: 146—152, https://doi.org/10.1017/S0022149X10000301

Maneepitaksanti W, Nagasawa K (2012) Monogeneans of Cichlidogyrus Paperna, 1960
(Dactylogyridae), gill parasites of tilapias, from Okinawa Prefecture, Japan. Biogeography
14: 111-119

Messu Mandeng FD, Bilong Bilong CF, Pariselle A, Vanhove MPM, Bijita Nyom AR, Agnése
JF (2015) A phylogeny of Cichlidogyrus spp. (Monogenea, Dactylogyridea) clarifies a host-
switch between fish families and reveals an adaptive component to attachment organ
morphology of this parasite genus. Parasites & Vectors 8: 582, https://doi.org/10.1186/s13071-
015-1181-y

Mitra AK, Bandyopadhyay PK (2005) First records of Trichodina japonica Imai, Miyazaki et
Nomura 1991 and Trichodina mutabilis Kazubski et Migala 1968 (Ciliophora,
Trichodinidae) from Indian fishes. Protistology 4: 121-127

Moravec F (1998) Nematodes of freshwater fishes of the neotropical region, Academia, Prague,
Czech Republic, 464 pp

Oldewage WH, Van As JG (1987) Parasites and winter mortalities of Oreochromis
mossambicus. South African Journal for Wildlife Research 17: 7-12

Oliveira RF, Almada VC (1998) Maternal aggression during the mouthbrooding cycle in the
cichlid fish, Oreochromis mossambicus. Aggressive Behavior 24: 187-196, https://doi.org/10.
1002/(SICI)1098-2337(1998)24:3<187::AID-AB3>3.0.CO;2-1

Olivier PAS, Luus-Powell WIJ, Saayman JE (2009) Report on some monogenean and
clinostomid infestations of freshwater fish and waterbird hosts in Middle Letaba Dam,
Limpopo Province, South Africa. Onderstepoort Journal of Veterinary Research 76: 187—
199, https://doi.org/10.4102/0jvr.v76i2.44

Ovenden JR, Macbeth GM, Pope L, Thuesen P, Street R, Broderick D (2015) Translocation
between freshwater catchments has facilitated the spread of tilapia in eastern Australia.
Biological Invasions 17: 637—650, https://doi.org/10.1007/s10530-014-0754-6

Paperna I, Thurston JP (1969) Monogenetic trematodes collected from fish in Uganda;
including the description of five new species Cichlidogyrus. Revue de Zoologie et de
Botanique Africaine 79(1/2): 15-33

Pariselle A, Euzet L (1995) Scutogyrus gen. n. (Monogenea, Ancyrocephalidae) for
Cichlidogyrus longicornis minus Dossou, 1982, C. [. longicornis, and C. [. gravivaginus
Paperna and Thurston, 1969, with description of 3 new species parasitic on African cichlids.
Journal of the Helminthological Society of Washington 62(2): 157-173

Pérez-Ponce de Leon G, Garcia-Prieto L, Osorio-Sarabia D, Leon-Regagnon V (1996) VI.
Helmintos parésitos de peces de aguas continentales de México, Listados faunisticos de
Meéxico, Instituto de Biologia, Universidad Nacional Auténoma de México, Mexico City,
Mexico, 100 pp

Poulin R, Mouillot D (2003) Host introductions and the geography of parasite taxonomic
diversity. Journal of Biogeography 30: 837—845, https://doi.org/10.1046/j.1365-2699.2003.00868.x

Pullin RSV (1988) Tilapia genetic resources for aquaculture Volume 16. International Center
For Living Aquatic Resources Management Conference Proceedings, Manila, Philippines,
108 pp

Robinson J, Avenant-Oldewage (1996) Aspects of the morphology of the parasitic copepod
Lernaea cyprinacea Linnaeus, 1758 and notes on its distribution in Africa. Crustaceana 69:
610-626, https://doi.org/10.1163/156854096X00628

Roche DG, Leung B, Franco EFM, Torchin ME (2010) Higher parasite richness, abundance and
impact in native versus introduced cichlid fishes. International Journal for Parasitology 40:
1525-1530, https://doi.org/10.1016/j.ijpara.2010.05.007

Russell DJ, Thuesen PA, Thomson FE (2012) A review of the biology, ecology, distribution
and control of Mozambique tilapia, Oreochromis mossambicus (Peters 1852) (Pisces:
Cichlidae) with particular emphasis on invasive Australian populations. Reviews in Fish
Biology and Fisheries 22: 533—554, https://doi.org/10.1007/s11160-011-9249-z

Wilson et al. (2019), Aquatic Invasions 14(2): 332-349, https://doi.org/10.3391/ai.2019.14.2.11 347


https://doi.org/10.1111/j.1461-0248.2010.01446.x
https://doi.org/10.1002/(SICI)1098-2337(1998)24:3<187::AID-AB3>3.0.CO;2-I
https://www.invasivesnet.org

2)

&

INVASIVESNET

Parasites of invasive tilapia

Sara JR, Smit WJ, Erasmus LJC, Ramalepe TP, Mogashoa ME, Raphahlelo ME, Theron J,
Luus-Powell WJ (2014) Ecological status of Hout River Dam, Limpopo province, South
Africa, using fish condition and health assessment index protocols: a preliminary
investigation. African Journal of Aquatic Science 39: 35—43, https://doi.org/10.2989/16085914.
2013.848181

Schnell AK, Seebacher F (2008) Can phenotypic plasticity facilitate the geographic expansion
of the Tilapia Oreochromis mossambicus? Physiological and Biochemical Zoology 81:
733742, https://doi.org/10.1086/592027

Sereno-Uribe AL, Pinacho-Pinacho CD, Garcia-Varela M, Pérez-Ponce de Leon G (2013)
Using mitochondrial and ribosomal DNA sequences to test the taxonomic validity of
Clinostomum complanatum Rudolphi, 1814 in fish-eating birds and freshwater fishes in
Mexico, with the description of a new species. Parasitology Research 112: 2855-2870,
https://doi.org/10.1007/s00436-013-3457-5

Sergeant ESG (2018) Epitools epidemiological calculators. Ausvet Pty Ltd. Available at:
http://epitools.ausvet.com.au (accessed 9 November 2018)

Sheath DJ, Williams CF, Reading AJ, Britton JR (2015) Parasites of non-native freshwater
fishes introduced into England and Wales suggest enemy release and parasite acquisition.
Biological Invasions 17: 2235-2246, https://doi.org/10.1007/s10530-015-0857-8

Smit NJ, Malherbe W, Hadfield KA (2017) Alien freshwater fish parasites from South Africa:
Diversity, distribution, status and the way forward. International Journal for Parasitology:
Parasites and Wildlife 6: 386—401, https://doi.org/10.1016/j.ijppaw.2017.06.001

Tavakol S, Smit WJ, Sara JR, Halajian A, Luus-Powell W] (2015) Distribution of
Contracaccum (Nematoda: Anisakidae) larvae in freshwater fish from the northern regions
of South Africa. African Zoology 50: 133—139, https://doi.org/10.1080/15627020.2015.1052302

Torchin ME, Lafferty KD, Dobson AP, McKenzie VJ, Kuris AM (2003) Introduced species and
their missing parasites. Nature 421: 628—630, https:/doi.org/10.1038/nature01346

Tuttle LJ, Sikkel PC, Cure K, Hixon MA (2017) Parasite-mediated enemy release and low
biotic resistance may facilitate invasion of Atlantic coral reefs by Pacific red lionfish
(Pterois volitans). Biological Invasions 19: 563-575, https://doi.org/10.1007/s10530-016-1342-8

Trujillo-Gonzélez, Becker JA, Hutson KS (2018) Parasite dispersal from the ornamental
goldfish trade. Advances in Parasitology 100: 239-281, https://doi.org/10.1016/bs.apar.2018.03.001

Uchida K, Kaneko T, Miyazaki H, Hasegawa S, Hirano T (2000) Excellent salinity tolerance of
Mozambique tilapia (Oreochromis mossambicus): Elevated chloride cell activity in the
branchial and opercular epithelia of the fish adapted to concentrated seawater. Zoological
Science 17: 149-160, https://doi.org/10.2108/zsj.17.149

Van As JG, Basson L (1989) A further contribution to the taxonomy of the Trichodinidae
(Ciliophora, Peritrichia) and a review of the taxonomic status of some fish ectoparasitic
trichodinids. Systematic Parasitology 14: 157—179, https://doi.org/10.1007/BF02187051

Vanhove MPM, Hablutzel PI, Pariselle A, Simkova A, Huyse T, Racymaekers JAM (2016)
Cichlids: a host of opportunities for evolutionary parasitology. Trends in Parasitology 32:
820-832, https://doi.org/10.1016/j.pt.2016.07.002

Vaughan D, Chisholm L, Christison K (2008) Overview of South African Dendromonocotyle
(Monogenea: Monocotylidae), with descriptions of 2 new species from stingrays (Dasyatidae)
kept in public aquaria. Zootaxa 1826: 2644, https://doi.org/10.11646/zootaxa.1826.1.2

Veitch V, Burrows D, Webb AC (2006) Distribution of Mozambique tilapia (Oreochromis
mossambicus) in the Burdekin River Catchment, north Queensland. Australian Centre for
Tropical Freshwater Research, James Cook University, 06/29, pp 1-25. https://research.jcu.
edu.au/tropwater/resources/06%2029%20Burdekin%?20tilapia%202006%20surveys%20report.pdf

Vidal-Martinez VM (2001) Atlas of the Helminth Parasites of Cichlid Fish of Mexico. Coronet
Books Incorporated, pp 165. [Not sighted]. In: Gibson DI, Bray RA, Harris EA (Compilers)
(2005) Host-Parasite Database of the Natural History Museum, London

Viljoen S, Van As JG (1985) Sessile peritrichs (Ciliophora: Peritricha) from freshwater fish in
the Transvaal, South Africa. South African Journal of Zoology 20: 79-96, https://doi.org/10.
1080/02541858.1985.11447920

Vignon M, Sasal P, Galzin R (2009) Host introduction and parasites: a case study on the
parasite community of the peacock grouper Cephalopholis argus (Serranidae) in the
Hawaiian Islands. Parasitology Research 104: 775-782, https:/doi.org/10.1007/s00436-008-1254-3

Webb AC (2003) The ecology of invasions of non-indigenous freshwater fish in north
Queensland. PhD Thesis, James Cook University, School of Tropical Biology, Townsville
327 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
& Proceedings of the Royal Society of New South Wales 140: 63—78

Webb AC (2008) Spatial and temporal influences on population dynamics of a branchiuran
ectoparasite, Argulus sp. A., in fresh waters of tropical northern Queensland, Australia.
Crustaceana 81: 1055-1067, https://doi.org/10.1163/156854008X360806

Welicky RL, De Swart J, Gerber R, Netherlands E, Smit NJ (2017) Drought associated absence
of alien invasive anchorworm, Lernaea cyprinacea (Copepoda: Lernaeidae), is related to

Wilson et al. (2019), Aquatic Invasions 14(2): 332-349, https://doi.org/10.3391/2i.2019.14.2.11 348


https://doi.org/10.2989/16085914.2013.848181
https://research.jcu.edu.au/tropwater/resources/06%2029%20Burdekin%20tilapia%202006%20surveys%20report.pdf
https://doi.org/10.1080/02541858.1985.11447920
https://www.invasivesnet.org

2

|NVMW[SNH Parasites of invasive tilapia

changes in fish health. International Journal for Parasitology: Parasites and Wildlife 6:
430438, https://doi.org/10.1016/j.ijppaw.2017.01.004
Widarto TH (2007) Shell form variation of a freshwater mussel Velesunio ambiguus Philippi

from the Ross River, Australia. HAYATI Journal of Biosciences 14: 98-104,
https://doi.org/10.4308/hjb.14.3.98

Womble MR, Cox-Gardiner SJ, Cribb TH, Bullard SA (2015) First record of Transversotrema
Witenberg, 1944 (Digenea) from the Americas, with Comments on the Taxonomy of
Transversotrema patialense (Soparkar, 1924) Crusz and Sathananthan, 1960 and an updated

list of its hosts and geographic distribution. Journal of Parasitology 101: 717725,
https://doi.org/10.1645/15-799

Zaragoza OD, Rodriguez MH, Ramirez LFB (2008) Thermal stress effect on tilapia
Oreochromis mossambicus (Pisces: Cichlidae) blood parameters. Marine and Freshwater
Behaviour and Physiology 41: 135—145, https://doi.org/10.1080/10236240801896223

Wilson et al. (2019), Aquatic Invasions 14(2): 332-349, https://doi.org/10.3391/ai.2019.14.2.11 349


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




