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Abstract

The occurrence of the alien freshwater planarian Girardia sinensis Chen & Wang, 2015
is reported for the first time in sub-Saharan Africa. This species is a global invader of
freshwater bodies as evidenced by its very recently reported discoveries in Europe,
Asia and Australia. We used DNA barcoding and phylogenetic analysis to confirm
species identity, as morphological identification alone is not accurate. Unintentional
introduction via the aquarium trade through contamination is considered a possibility.
Taken together with other reports of recent introductions of invasive freshwater
species in South Africa, possibly through aquarium trade, this raises serious
concerns about the ineffective control of aquarium trade.

Key words: aquatic alien, flatworm, Korsman Bird Sanctuary, citizen science,
cytochrome oxidase subunit 1

Introduction

The first comprehensive review of aquatic, free-living flatworms in Africa
was done by Young (1976), who listed 80 species in 29 genera. Other scholars
(Sluys 2007; Schockaert et al. 2008) built upon this foundation and
subsequently listed 85 species in 28 genera from the Afrotropical region.
Recently, faunastic and taxonomic works on Afrotropical planarians have
resulted in several new species descriptions and increased our understanding
of their diversity and distribution in the region (De Vries 1988; Sluys 2007;
Stocchino et al. 2002, 2012, 2014, 2017; Harrath et al. 2019). Despite this,
aquatic planarians are still poorly known in Southern Africa, and there are
still no taxonomic keys to species or genera (Kawakatsu 1972; Appleton
2002). Lack of specialist knowledge and documentation results in alien
species not being recognised (McGeoch et al. 2012).

Preliminary estimates of Young (1976) suggested a modest percentage of
freshwater planarians in Africa as being non-native. However, recent estimates
of freshwater planarian invasiveness are much higher (Sluys 2016; Stocchino
et al. 2019; Fourcade et al. 2022). This high rate of invasiveness amongst
free-living flatworms is surprising, as they tend to have a very limited dispersal
ability (Lazaro and Riutort 2013; Sluys and Ruitort 2018). Although some
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taxa have the potential for natural long distance dispersal via migratory
birds and wind, as they produce drought-resistant eggs (Young 1976), most
free-living flatworms have instead been unwittingly transported by humans
across their natural, historical boundaries (Sluys 2016). However, pin-pointing
the exact mode of human-mediated introduction has been challenging, as
there are several possible routes; including aquarium trade, ships’ ballast
waters, and soil or timber contamination (Lazaro and Riutort 2013; Sluys
and Ruitort 2018; Stocchino et al. 2019). Once introduced, free-living flatworm
species are often successful, as they can tolerate sub-optimal environmental
conditions and reproduce via fissiparity, without the need for egg-laying
(Sluys and Ruitort 2018).

Girardia Ball, 1974, is a genus originally native to South America, that
spread to North America via natural dispersal routes but is now invasive in
several other continents (Benitez-Alvarez et al. 2023). Invasive freshwater
planarians exhibit puzzling dispersal routes (see, Sola et al. 2022) and
Girardia is no exception. Girardia has since spread across the world, with a
high probability of becoming invasive. The first dispersal of this genus into
Europe occurred when Girardia tigrina (Girard, 1850) was recorded in the UK
during the 1920s (Wright 1987). This species has subsequently been
recorded across that continent (Ili¢ et al. 2018; Kanana and Ruitort 2019).
Until recently, Girardia was not known from African waters. Benitez-Alvarez
et al. (2022) reported the first record of this genus in Morocco, a country in
the Palearctic region of Africa. However, there is currently no formal record
of Girardia in sub-Saharan Africa. The current study reports for the first-
time the occurrence of a feral population of Girardia sinensis Chen & Wang,
2015 in South Africa. Originally described from China (Chen et al. 2015),
where it may be non-native, G. sinensis is a native of North America,
and has subsequently been introduced into many countries, including
Australia, Morocco, Spain, Italy, France, Germany and Netherlands
(Benitez-Alvarez et al. 2022, 2023). Given the difficulties of morphological
identification of fissiparous triclads lacking copulatory apparatus (Lazaro
and Riutort 2013), the species level identification was confirmed using a
fragment of the mitochondrial gene cytochrome oxidase I (COI).

Materials and methods

Freshwater planarians were collected from the Korsman Bird Sanctuary
(—26.195° 28.2911°) a natural depression pan that is 1627 m above sea level.
The pan was 1.8 m deep with a surface area of 37 hectares at the time of
collection. The pan (see Figure 1A) is fed mostly by storm water from an
urban catchment of an upmarket residential area. The catchment receives
most of its rainfall between November and March, with a long-term average
of 744 mm and a record rainfall of 1242 mm in the 2022 hydrological year,
measured locally. The pan has no natural outlet but during periods of high
water level, water is pumped to Benoni Middle Lake in the Blesbokspruit
river system.
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Figure 1. Photographs showing A) the study location at Korsman Bird Sanctuary, B) Girardia
sinensis specimens found onsite. Photographs by Jane Trembath.

Korsman Bird Sanctuary water environmental parameter data (pH, electrical
conductivity (EC), nitrates, ammonia (NH,), sulphates (SO, phosphates (PO,),
chemical oxygen demand (COD) and faecal coliform counts) were sourced
from monthly water quality data obtained from the City of Ekurhuleni.
Water physico-chemistry recorded at the time of specimens collections were
as follows: Temperature (°C) 14-19, pH 7.8-8.4, Conductivity (mS cm™)
71-78, Nitrate (mg/l) 0.1, Ammonia (mg/l) 0.2-1.2, Sulphate (mg/1) 34-46,
Phosphate (mg/l) 0.1, Sodium (mg/l) 61-77, COD (mg/l) 22-52, F coli
(counts/100 ml) 12-37000. The eutrophic pan is subject to regular sewerage
spills from an ageing sewer network and pumping stations within the perimeter
of the Sanctuary. A sewer manhole within a few metres of the collection site
overflows when the pump station is inoperative.

In May 2022, the lead author, a citizen scientist, found suspected Girardia sp.
planarians in a water sample taken from flooded grassland in the vicinity of
the sewer manhole. Three home-made planarian traps were placed in the
vicinity of the find. The traps were made from small plastic containers drilled
with 2 mm holes and provisioned with freshly killed Cornu aspersum
(Miiller, 1774) snails and buried in soft mud. The traps were removed after
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36 hours and collectively contained 16 Girardia specimens. A previous attempt,
provisioning the traps with pieces of cooked red meat, was unsuccessful in
attracting planarians. However, on both attempts the traps attracted numerous
leeches (Helobdella sp. and Alboglossiphonia sp.). The specimens were
collected on the 6™ of August 2022.

The trapped specimens were not examined to check if they were asexual
or not. However, one of the specimens collected earlier in May showed signs
of recent fission. The specimens were measured before killing and the
approximate extended body length ranged from 4 mm to 9 mm. Larger
specimens were generally more highly coloured. Each specimen had a
different spot pattern (Figure 1B). They were not starved before fixation and
killed shortly after retrieval in 99% ethanol. 11 specimens were submitted
to Inqaba Biotech (Pretoria, South Africa), where the DNA extractions and
sequencing was conducted, using standard procedures. An approximately
640-bp section of the COI gene was amplified using LCO1490 (50- GGTC
AACAATCATAAAGATATTGG) and HCO2198 (50- TAAACTTCGGGT
GACCAAAAAATCA) primers (Folmer et al. 1994), however the final
length varied as ambiguous ends were visualized and trimmed using
Chromas (Version 2.6.6).

In total, 54 COI sequences were used to infer the phylogenetic relationships
of Girardia by using Maximum Likelihood and Bayesian Inference approaches.
Four new sequences were obtained from the collected specimens (Table 1),
with the remaining 50 sequences obtained from Genbank (Figure 2). The
downloaded sequences were taken from Benitez-Alvarez et al (2022, 2023),
and represented six species of Girardia from across the world, including
G. schubarti Marcus, 1946, G. sinensis, G. dorotocephala Woodworth, 1897,
G. sanchezi Hyman, 1955, G. clandestina Sluys & Benitez-Alvarez, 2022, and
G. tigrina. The sequences were aligned using the online version of MAFFT
7, using the default parameters (Katoh et al. 2019). The subsequent alignment
was visualized and trimmed in AliView 1.27 (Larsson 2014). A phylogenetic
tree was estimated using a Maximum Likelihood approach conducted in
W-1Q-Tree (Trifinopoulos et al. 2016) with 1000 bootstrap replicates using
the Ultrafast algorithm, using a partition scheme by codon (Table 2).
Additionally, a Bayesian Inference approach was conducted in Mr Bayes 3.2.7a
(Ronquist et al. 2012), using a partitioned scheme by codon and the models
identified by the model selection tool in W-IQ-Tree (Table 2). The MrBayes
test was conducted using the CIPRES science gateway (Miller et al. 2010;
accessible at https://www.phylo.org/index.php/). The final alignment used
for molecular analysis was trimmed to 827 base pairs, with 16% of the data
ambiguous, or missing.

Results and discussion

Both the Maximum Likelihood (Supplementary material Figure S1) and
Bayesian Inference (Figure 2) methodologies recovered phylogenetic trees
with similar topologies. Unfortunately, the Maximum Likelihood tree provided
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Table 1. Genbank Accession Numbers of all specimens used in the Maximum Likelihood and Bayesian Inference approaches.

GenBank Accession Details

Voucher Number Species I.D. Country Genbank Accession
3BARS Girardia sinensis South Africa
4BARS Girardia sinensis South Africa
5BARS Girardia sinensis South Africa
6BARS Girardia sinensis South Africa
Girardia sinensis Morocco OM480692
Girardia sinensis Morocco OM480693
Girardia sinensis Morocco OM480694
Girardia sp. (sinensis) China KP091895
Girardia tigrina Spain OM307091
Girardia sinensis Spain OM307098
Girardia sinensis Italy OM307099
Girardia sinensis Netherlands OM307155
Girardia sinensis Australia OM307161
Girardia sinensis China OM307169
Girardia sinensis Cuba OM307174
Girardia sinensis Spain OM307089
Girardia sinensis Australia OM307162
Girardia sinensis Spain OM307159
Girardia sinensis Spain OM307158
Girardia sinensis Spain OM307157
Girardia sinensis Germany OM307153
Girardia sinensis France OM307152
Girardia sinensis Australia OM307146
Girardia sinensis Spain OM307128
Girardia sinensis France OM307122
Girardia sinensis France OM30712
Girardia sinensis Spain OM307106
Girardia sinensis Spain OM307102
Girardia sinensis Italy OM307100
Girardia sinensis Spain OM307097
Girardia sinensis Spain OM307096
Girardia sinensis Spain OM307090
Girardia dorotocephala Spain OM307103
Girardia dorotocephala Brazil OM307111
Girardia dorotocephala Hawaii OM307129
Girardia dorotocephala USA OM307124
Girardia dorotocephala Hawaii OM307130
Girardia dorotocephala Japan OM307164
Girardia dorotocephala Japan OM307165
Girardia dorotocephala Japan OM307166
Girardia tigrina Spain OM307127
Girardia tigrina France OM307105
Girardia tigrina Italy OM307101
Girardia tigrina Spain OM307091
Girardia tigrina France OM307088
Girardia tigrina France OM307087
Girardia tigrina Spain OM307078
Girardia tigrina Spain OM307077
Girardia clandestina Brazil OM307081
Girardia clandestina Brazil OM307085
Girardia sanchezi Chile OM307167
Girardia schubarti Brazil OM307131
Girardia schubarti Brazil OM307080
Girardia schubarti Brazil OM307079
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Figure 2. Bayesian Inference phylogeny of Girardia sinensis and related species constructed using cytochrome oxidase subunit 1
(COI). Numbers given on each branch represent posterior probabilities.
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extremely poor resolution, as it recovered several polytomies and generally
low bootstrap values. Additionally, it recovered a polyphyletic G. clandestina,
and relationships between species were not resolved. Despite this, it recovered
a strongly supported (97%) monophyletic clade of G. sinensis, which included
the newly collected specimens from South Africa. Comparatively, with the
exception of G. dorotocephala, species level clades were monophyletic and
well supported in the Bayesian Inference analysis (> 0.90), although
relationships between the species were not resolved. As with the Maximum
Likelihood approach, the newly collected South African species were clustered
together within G. sinensis in a monophyletic clade. This provides strong
support for the assignment of the South African species to G. sinensis.
Thus, the current manuscript reports the second record of this cosmopolitan
species in Africa (Benitez-Alvarez et al. 2022), and a first from Sub-Saharan
Africa. The discovery of this feral population shows the power of citizen
and formal science working together (Daniels et al. 2022), as we were
alerted to the presence of this population by a citizen scientist.
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Table 2. Results of jModelTest2, and the relevant primers selected for the Bayesian Inference
Test of phylogeny conducted in MrBayes

Maximum Likelihood

AIC Model, Partition 1 TN+F+I
AIC Model, Partition 2 F81+F+I
AIC Model, Partition 3 K3Pu+F+G4
Bayesian Inference
AIC Model HKY+[+G
p-inv 0.517
Gamma Shape 2.6801

In the case of the discovery at Korsman Bird Sanctuary, circumstantial
evidence supports the theory of Girardia being introduced into the pan via
the sewer network, possibly originating onwards from the aquarium trade.
Freshwater invertebrates have been shown to have a high propensity of being
accidentally transported as contaminants in the aquarium trade (Patoka et al.
2017). The initial discovery and subsequent successful trapping occurred
within a few metres of a frequently overflowing sewer manhole. A nearby
residence, connected to this sewer system, makes regular use of an aquarium
service company. The company owner recognised photographs of the Girardia
specimens as an aquarium pest. They were unaware of Girardia’s environmental
tolerance and believed that they would not survive in sewerage. As they
were found within an area which had been drenched by waste water, this
could suggest tolerance of severely degraded water quality.

Recreational lakes in and around Johannesburg surburbia appear to be
on the receiving end of invasive species, largely coming off aquarium and
pet trade (van Wilgen et al. 2010; Martin and Coetzee 2011). For example,
Miranda et al. (2022) recently reported discovery of a new invasive snail,
Sinotaia cf. quadrata (Benson, 1842), at Zoo lake. This site is about 30 km
from where are reporting the new record of G. sinensis in South Africa. The
full extent of the distributional occurrence of this species is unknown,
however given the high connectivity of urban waters, it is highly unlikely
that it is restricted to the reported site. These new records of invasive species
in these lakes are alarming, given the already long list of invasive freshwater
invertebrates in the country, some with massive environmental and socio-
economic impacts (Weyl et al. 2020). The next iteration of the National
Invasive Species Report (e.g. Zengeya and Wilson 2020) should include
these new species. However, to assess the invasive status of these species
and their potential impacts (Zengeya and Wilson 2020), more information
on their distributional occurrence is needed. As such, large scale assessment
of the occurrence and ecological impact of these species in waters around
Johannesburg is warranted.

Acknowledgements

We thank Dr. Ronald Sluys for identification from photographs of our specimens as belonging
to Girardia. We thank our reviewers for their helpful and insightful comments, which greatly
improved the final manuscript. This paper is dedicated to the memory of author Dr. Pindiwe
Ntloko, who passed away after acceptance of the manuscript.

Trembath et al. (2023), Biolnvasions Records 12(4): 1059—1068, https://doi.org/10.3391/bir.2023.12.4.18 1065


https://doi.org/10.3391/bir.2023.12.4.18
https://www.invasivesnet.org

)

&

INVASIVESNET

First record of Girardia sinensis in South Africa

Funding declaration

APK: The financial assistance of the National Research Foundation (NRF) towards this
research is hereby acknowledged. Opinions expressed and conclusions arrived at, are those of
the author and are not necessarily to be attributed to the NRF. MM: The financian assistance of
the Rhodes University Research Council is hereby acknowledged. The funders had no role in
study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Authors contribution

JT, MCM: research conceptualization; JT, MCM: sample design and methodology; JT: Investigation
and data collection; APK: data analysis and interpretation; JT, PN, MM: roles/writing — original
draft; JT, PN, APK, MM: roles/writing — review and editing.

References

Appleton CC (2002) Platyhelminthes. In: Day JA, de Moor 1J (eds), Guides to the freshwater
invertebrates of Southern Africa, Vol 5: Non-Arthropods. Water Research Commission,
Pretoria, pp 88—110, https://doi.org/10.2989/16085914.2010.466645

Benitez-Alvarez L, Mateos E, El Ouanighi Y, Bennas N, El Alami M, Riutort M (2022) The expansion
continues: Girardia arrives in Africa. First record of Girardia sinensis (Platyhelminthes,
Tricladida, Continenticola, Dugesiidae) in Morocco. Zootaxa 5169: 497-500, https://doi.org/
10.11646/zootaxa.5169.5.9

Benitez-Alvarez L, Sluys R, Zanchet AML, Leria L, Riutort M (2023) First molecular
phylogeny of the freshwater planarian genus Girardia (Platyelminthes, Tricladida) unveils
hidden taxonomic diversity and initiates resolution of its historical biogeography. Zoological
Journal of the Linnean Society 197: 1-19, https://doi.org/10.1093/zoolinnean/zlac065

Chen X-M, Chen Y-H, Wu C-C, Wang A-T (2015) A new species of the genus Girardia
(Tricladida: Dugesiidae) from China. Zoological Systematics 40: 166—178, https:/doi.org/10.11865/
75.20150202

Daniels SR, Barnes A, Peer N, Egan VT, Taylor R, Taylor RW, van der Colff D (2022)
iNaturalist is useful at enhancing biodiversity studies as evident from southern African
freshwater crabs (Decapoda: Brachyura: Potamonautidae). Journal of Crustacean Biology
42: ruac042, https://doi.org/10.1093/jcbiol/ruac042

De Vries EJ (1988) A synopsis of the nominal species of the subgenus Dugesia
(Platyhelminthes: Tricladida: Paludicola) from Africa and Madagascar. Zoological Journal
of the Linnean Society 92: 345-382, https://doi.org/10.1111/1.1096-3642.1988.tb01729.x

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R (1994) DNA primers for amplification of
mitochondrial cytochrome ¢ oxidase subunit I from diverse metazoan invertebrates. Molecular
Marine Biology and Biotechnology 3: 294-299

Fourcade Y, Winsor L, Justine J-L (2022) Hammerhead worms everywhere? Modelling the
invasion of bipaliin flatworms in a changing climate. Diversity and Distribution 28: 844-858,
https://doi.org/10.1111/ddi.13489

Harrath AH, Sluys R, Mansour L, Folefack GL, Aldahmash W, Alwasel S, Sola E, Riutort M
(2019) Molecular and morphological identification of two new African species of Dugesia
(Platyhelminthes, Tricladida, Dugesiidae) from Cameroon. Journal of Natural History 53:
253-271, https://doi.org/10.1080/00222933.2019.1577508

Ilic MD, Tubi¢ BP, Marinkovi¢ NS, Markovi¢ VM, Popovi¢ NZ, Zori¢ KS, Rakovi¢ MJ,
Paunovi¢ MM (2018) First Report on the Non-Indigenous Triclad Girardia tigrina (Girard,
1850) (Tricladida, Dugesiidae) in Serbia, with Notes on its Ecology and Distribution. Acta
Zoologica Bulgarica 70: 39-43, https://doi.org/10.37828/em.2017.13.7

Kanana Y, Riutort M (2019) First record of freshwater planarian Girardia tigrina
(Platyhelminthes, Tricladida, Continenticola) in Eastern Europe. Zootaxa 4624: 597-600,
https://doi.org/10.11646/zootaxa.4624.4.13

Katoh K, Rozewicki J, Yamada KD (2019) MAFFT online service: Multiple sequence
alignment, interactive sequence choice and visualization. Briefings in Bioinformatics 20:
1160—1166, https://doi.org/10.1093/bib/bbx108

Kawakatsu M (1972) Report on freshwater planarians from South Africa. The Bulletin of Fuji
Women’s College 10: 5779, http://hdl.handle.net/2433/155994

Larsson A (2014) AliView: a fast and lightweight alignment viewer and editor for large
datasets. Bioinformatics 30: 3276-3278, https://doi.org/10.1093/bioinformatics/btu531

Lazaro EM, Riutort M (2013) Dugesia sicula (Platyhelminthes, Tricladida): the colonizing
success of an asexual Planarian. BMC Evolutionary Biology 13: 268, https:/doi.org/10.1186/
1471-2148-13-268

Trembath et al. (2023), Biolnvasions Records 12(4): 1059—1068, https://doi.org/10.3391/bir.2023.12.4.18 1066


https://doi.org/10.3391/bir.2023.12.4.18
https://www.invasivesnet.org
https://doi.org/10.2989/16085914.2010.466645
https://doi.org/10.11646/zootaxa.5169.5.9
https://doi.org/10.11646/zootaxa.5169.5.9
https://doi.org/10.1093/zoolinnean/zlac065
https://doi.org/10.11865/zs.20150202
https://doi.org/10.11865/zs.20150202
https://doi.org/10.1093/jcbiol/ruac042
https://doi.org/10.1111/j.1096-3642.1988.tb01729.x
https://doi.org/10.1111/ddi.13489
https://doi.org/10.1080/00222933.2019.1577508
https://doi.org/10.37828/em.2017.13.7
https://doi.org/10.11646/zootaxa.4624.4.13
https://doi.org/10.1093/bib/bbx108
http://hdl.handle.net/2433/155994
https://doi.org/10.1093/bioinformatics/btu531
https://doi.org/10.1186/1471-2148-13-268
https://doi.org/10.1186/1471-2148-13-268

7)

&

INVASIVESNET

First record of Girardia sinensis in South Africa

Martin GD, Coetzee JA (2011) Pet stores, aquarists and the internet trade as modes of
introduction and spread of invasive macrophytes in South Africa. Water SA 37: 371-380,
https://doi.org/10.4314/wsa.v37i3.68488

McGeoch M, Spear D, Kleynhans E, Marais E (2012) Uncertainty in invasive alien species
listing. Ecological Applications 22: 959-971, https://doi.org/10.1890/11-1252.1

Miller MA, Pfeiffer W, Schwartz T (2010) Creating the CIPRES Science Gateway for inference
of large phylogenetic trees. In: 2010 Gateway Computing Environments Workshop (GCE),
New Orleans, USA, November 14, 2010. Institute of Electrical and Electronics Engineers,
New Orleans, USA, pp 1-8, https://doi.org/10.1109/GCE.2010.5676129

Miranda NAF, Taylor SJ, Cwewe Y, Appleton CC (2022) First record of the Asian freshwater
snail Sinotaia cf- quadrata (Benson, 1842) from Africa. Biolnvasions Records 11: 676685,
https://doi.org/10.3391/bir.2022.11.3.10

Patoka J, Kopecky O, Vrabec V, Kalous L (2017) Aquarium molluscs as a case study in risk
assessment of incidental freshwater fauna. Biological Invasions 19: 2039—-2046, https://doi.org/
10.1007/510530-017-1412-6

Ronquist F, Teslenko M, Van Der Mark P, Ayres DL, Darling A, Hohna S, Larget B, Liu L,
Suchard MA, Huelsenbeck JP (2012) MrBayes 3.2: efficient Bayesian phylogenetic inference
and model choice across a large model space. Systematic Biology 61: 539-542, https://doi.org/
10.1093/sysbio/sys029

Schockaert ER, Hooge M, Sluys R, Schilling S, Tyler S, Artois T (2008) Global diversity of
free living flatworms (Platyhelminthes, “Turbellaria”) in freshwater. Hydrobiologia 595:
41-48, https://doi.org/10.1007/978-1-4020-8259-7 5

Sluys R (2007) Annotations on freshwater planarians (Platyhelminthes Tricladida Dugesiidae)
from the Afrotropical Region. Tropical Zoology 20: 229-257

Sluys R (2016) Invasion of the Flatworms. American Scientist 104: 288-295, https://doi.org/
10.1511/2016.122.288

Sluys R, Riutort M (2018) Planarian Diversity and Phylogeny. Methods in Molecular Biology 1774:
1-56, https://doi.org/10.1007/978-1-4939-7802-1 1

Sola E, Leria L, Stocchino GA, Bagherzadeh R, Balke M, Daniels SR, Harrath AH, Khang TF,
Krailas D, Kumar B, Li M-H, Maghsoudlou A, Matsumoto M, Naser N, Oben, B, Segev O,
Thielicke M, Tong X, Zivanovic G, Manconi G, Baguna J, Riutort M (2022) Three dispersal
routes out of Africa: The puzzling biogeographical history in freshwater planarians. Journal of’
Biogeography 49: 1219-1233, https://doi.org/10.1111/jbi.14371

Stocchino GA, Corso G, Manconi R, Pala M (2002) African planarians: Dugesia aethiopica sp. n.
(Platyhelminthes, Tricladida) from Lake Tana (NW Ethiopia). Italian Journal of Zoology
69: 45-51, https://doi.org/10.1080/11250000209356437

Stocchino GA, Sluys R, Manconi R (2012) A new species of Dugesia (Platyhelminthes,
Tricladida, Dugesiidae) from the Afromontane forest in South Africa, with an overview of
freshwater planarians from the African continent. Zootaxa 3551: 43-58, https://doi.org/
10.11646/zootaxa.3551.1.3

Stocchino GA, Sluys R, Manconi R (2014) A new and aberrant species of Dugesia
(Platyhelminthes, Tricladida) from Madagascar. ZooKeys 425: 71-88, https://doi.org/10.
3897/zookeys.425.7811

Stocchino GA, Sluys R, Riutort, M, Sola E, Manconi R (2017) Freshwater planarian diversity
(Platyhelminthes: Tricladida: Dugesiidae) in Madagascar: new species, cryptic species, with
a redefinition of character states. Zoological Journal of the Linnean Society 181: 727-756,
https://doi.org/10.1093/zoolinnean/zIx017

Stocchino GA, Sluys R, Harrath AH, Mansour L, Manconi R (2019) The invasive alien
freshwater flatworm Girardia tigrina (Girard, 1850) (Platyhelminthes, Tricladida) in
Western Europe: new insights into its morphology, karyology and reproductive biology.
Contributions to Zoology 88: 236256, https://doi.org/10.1163/18759866-20191406

Trifinopoulos J, Nguyen LT, von Haeseler A, Minh BQ (2016) W-IQ TREE: a fast online
phylogenetic tool for maximum likelihood analysis. Nucleic Acids Research 44: W232-W235,
https://doi.org/10.1093/nar/gkw256

van Wilgen NJ, Wilson JRU, Elith J, Wintle BA, Richardson DM (2010) Alien invaders and
reptile traders: what drives the live animal trade in South Africa? Animal Conservation 13:
24-32, https://doi.org/10.1111/j.1469-1795.2009.00298.x

Weyl OLF, Ellender BR, Wasserman RJ, Truter M, Dalu T, Zengeya TA, Smit NJ (2020) Alien
Freshwater Fauna in South Aftica. In: van Wilgen BW, Measey J, Richardson DM, Wilson JR,
Zengeya TA (eds), Biological Invasions in South Africa. Springer, Berlin, pp 153-183,
https://doi.org/10.1007/978-3-030-32394-3 6

Wright JF (1987) Colonization of rivers and canals in Great Britain by Dugesia tigrina (Girard)
(Platyhelminthes: Tricladida). Freshwater Biology 17: 69-78, https://doi.org/10.1111/].1365-
2427.1987.tb01029.x

Trembath et al. (2023), Biolnvasions Records 12(4): 1059-1068, https://doi.org/10.3391/bir.2023.12.4.18 1067


https://doi.org/10.3391/bir.2023.12.4.18
https://www.invasivesnet.org
https://doi.org/10.4314/wsa.v37i3.68488
https://doi.org/10.1890/11-1252.1
https://doi.org/10.1109/GCE.2010.5676129
https://doi.org/10.3391/bir.2022.11.3.10
https://doi.org/10.1007/s10530-017-1412-6
https://doi.org/10.1007/s10530-017-1412-6
https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.1007/978-1-4020-8259-7_5
https://doi.org/10.1511/2016.122.288
https://doi.org/10.1511/2016.122.288
https://doi.org/10.1007/978-1-4939-7802-1_1
https://doi.org/10.1111/jbi.14371
https://doi.org/10.1080/11250000209356437
https://doi.org/10.11646/zootaxa.3551.1.3
https://doi.org/10.11646/zootaxa.3551.1.3
https://doi.org/10.3897/zookeys.425.7811
https://doi.org/10.3897/zookeys.425.7811
https://doi.org/10.1093/zoolinnean/zlx017
https://doi.org/10.1163/18759866-20191406
https://doi.org/10.1093/nar/gkw256
https://doi.org/10.1111/j.1469-1795.2009.00298.x
https://doi.org/10.1007/978-3-030-32394-3_6
https://doi.org/10.1111/j.1365-2427.1987.tb01029.x
https://doi.org/10.1111/j.1365-2427.1987.tb01029.x

‘ INVMIVHNH First record of Girardia sinensis in South Africa

Y

Young JO (1976) The freshwater Turbellaria of the African continent. Zoologische Anzeiger
197: 419432,

Zengeya TA, Wilson JR (2020) The status of biological invasions and their management in
South Africa in 2019. South African National Biodiversity Institute, Kirstenbosch and DSI-
NRF Centre of Excellence for Invasion Biology, Stellenbosch, 71 pp, https://doi.org/10.5281/
zenodo.3947613

Supplementary material

The following supplementary material is available for this article:
Figure S1. Maximum likelihood phylogeny of Girardia sinensis and related species constructed using cytochrome oxidase subunit 1 (COI).

This material is available as part of online article from:
http://www.reabic.net/journals/bir/2023/Supplements/BIR 2023 Trembath etal SupplementaryFigure.pdf

Trembath et al. (2023), Biolnvasions Records 12(4): 1059—1068, https://doi.org/10.3391/bir.2023.12.4.18 1068


https://doi.org/10.3391/bir.2023.12.4.18
https://www.invasivesnet.org
https://doi.org/10.5281/zenodo.3947613
https://doi.org/10.5281/zenodo.3947613
http://www.reabic.net/journals/bir/2023/Supplements/BIR_2023_Trembath_etal_SupplementaryFigure.pdf


<<

  /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 true

  /MaxSubsetPct 100

  /Optimize false

  /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



