
 BioInvasions Records (2022) Volume 11, Issue 4: 1078–1094 
 

Vásquez-Doorman et al. (2022), BioInvasions Records 11(4): 1078–1094, https://doi.org/10.3391/bir.2022.11.4.25 1078 

 CORRECTED  PROOF  
 
 
Research Article  

First finds in North and South America of Pentacoelum kazukolinda 
(Platyhelminthes: Tricladida), a worldwide invasive flatworm 

Constanza Vásquez-Doorman1,*, Francisco Brusa2,3, Jhoe Reyes4, Ronald Sluys5, Miquel Vila-Farré6 and Miguel L. Allende1 
1Center for Genome Regulation, Facultad de Ciencias, Universidad de Chile, Santiago, Chile 
2Consejo Nacional de Investigaciones Científicas y Técnicas, CONICET, Argentina 
3División Zoología Invertebrados, Facultad de Ciencias Naturales y Museo (UNLP), La Plata, Argentina 
4Facultad de Ciencias de la Vida y de la Salud, Universidad Científica del Sur, Lima, Perú 
5Naturalis Biodiversity Center, P.O. Box 9517, 2300 RA Leiden, The Netherlands 
6Department of Tissue Dynamics and Regeneration, Max Planck Institute for Multidisciplinary Sciences, Göttingen, Germany 
*Corresponding author 
E-mail: rdoorman@uchile.cl 
   

 

Abstract 
Invasive species form an important threat to autochthonous biodiversity and ecosystems, 
as they may negatively affect native species. Pentacoelum kazukolinda is an invasive 
maricolan flatworm with a freshwater ecology that was already known to be widely 
distributed in the Northern hemisphere: USA (Hawaii), Spain, Germany, The 
Netherlands, and Japan. Here we detail the first records from Chile, Peru, and continental 
USA. These new records from North and South America were substantiated by 
observations on the very characteristic external appearance of the specimens, their 
anatomy, and/or molecular data. We demonstrate for the first time that the animals 
are capable of regeneration. At the newly discovered localities in South America, 
this flatworm co-occurs with introduced snails, which may constitute its prey 
species, and with introduced aquatic plants that may have facilitated its introduction 
into the New World. 

Key words: introduced species, new records, anthropochory dispersal, New World, 
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Introduction 

One of the major threats to biodiversity and ecosystems are invasive 
species (Kumschick et al. 2015; Bellard et al. 2016; Pyšek et al. 2020). The 
planarian Pentacoelum kazukolinda (Kawakatsu & Mitchell, 1984) is an 
invasive flatworm that thus far has been reported from the USA (Hawaii), 
Spain, Germany, The Netherlands, and Japan (Sluys et al. 2015). However, 
its impact on the ecosystem has not been demonstrated yet. Phylogenetically, 
this triclad belongs to the suborder Maricola or marine planarians, of 
which most species occur in marine habitats. However, the genus 
Pentacoelum Westblad, 1935, is an exception, as its currently known four 
species inhabit brackish water or freshwater environments (P. fucoideum 
Westblad, 1935, P. punctatum (Brandtner, 1935), P. kazukolinda, P. sinensis 
Wang & Zhao, 2016 (cf. Sluys 1989, He et al. 2016)). 
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The taxonomic history of P. kazukolinda is complex. The Hawaiian 
members were collected in 1966–1967 from Manoa Stream, Honolulu, on 
Oahu Island and were described as Oahuhawaiiana kazukolinda Kawakatsu 
& Mitchell, 1984. Thereafter, other specimens were described from near 
Valencia, Spain, under the name Pentacoelum hispaniense Sluys, 1989. 
Later it was discovered that specimens also occurred at other localities in 
Spain, Germany, The Netherlands, and Japan. These all concerned the 
same species as described from Hawaii and Valencia. Therefore, based on 
morphological and anatomical similarities, it was concluded that the 
correct species name is P. kazukolinda and that the species has an extensive 
distributional range (Sluys 1989; Sluys et al. 1990, 2015; Vila-Farré et al. 2008). 

Circumstantial evidence suggested that P. kazukolinda had acquired 
such a wide distributional range through anthropochore dispersal, and it 
was predicted that the species may also occur in North and South America 
(Sluys et al. 2015). In the present paper, we detail records for the occurrence 
of P. kazukolinda in two South American countries, Chile and Peru, and in 
continental North America (Florida, USA), thus considerably expanding 
its already wide distributional range. Furthermore, we have examined 
under laboratory conditions the regenerative capacity of these worms, as 
this may contribute to their ability to invade new areas. The associated 
aquatic flora and fauna at the new sites in North and South America were 
examined for potential prey species of the flatworms, as well as for aquatic 
plants that may have functioned as possible means of transport through 
which the worms colonized these areas. 

Materials and methods 

Collection of specimens 

Chile: Specimens were collected from under rocks in a freshwater spring 
that flows into an artificial pond at the recreational O’Higgins Park 
(−33.468861; 70.977472) in Santiago, Metropolitan Region, during summer 
season on December 18th, 2020. Specimens, and a rock with egg capsules 
attached to them, were transported in clean zipper plastic bags to the 
laboratory and then maintained in Montjuïc planarian water (1.6 mM 
sodium chloride, 1.0 mM calcium chloride, 1.0 mM magnesium sulphate, 
0.1 mM magnesium chloride, 0.1 mM potassium chloride, 1.2 mM sodium 
bicarbonate) (Cebrià and Newmark 2005). 

Peru: Specimens were collected from two localities: (1) vegetated, secondary 
channels of the Chillón River near Trapiche, Canta Province, Lima 
(−11.73455; 76.972367 and −11.733833; 76.9721) on August 29th, 2015 and 
October 29th, 2017; (2) the regional conservation area Humedales de Ventanilla 
in the central-western region of Ventanilla district, Lima (−11.875222; 
77.145139 and −11.872278; 77.138583) on September 13th, 2014 and 
October 1st, 2016. Samples of filamentous algae and floating macrophytes 
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were collected and filtered through a plankton net with a mesh size of 
approximately 80 microns. The filtered material was then placed in a wide 
mouthed jar of 500 ml and taken to the laboratory. In addition, filamentous 
algae were manually sampled, after which the material was put into similar 
jars with water from their habitat. In these last-mentioned samples, more 
Pentacoelum turned out to be present than in the filtered ones. 

USA: A single individual was collected in February 2016 from a freshwater 
artesian well 2 km distant from the Florida coast (29.653861; 81.23275). 

Preservation and histology 

Some specimens from Peru were relaxed in ~ 4% magnesium chloride for 
approximately 30 min. Once they did no longer respond to stimulation by 
a needle, the medium was removed and replaced with Bouin’s fluid. 
Samples were kept in Bouin’s for 24 h, then washed with 70% ethanol until 
the yellow colour disappeared, and, subsequently, stored in 70% ethanol. 
Other specimens were directly fixed in 10% formalin, followed by a 
cleaning, and storage process similar to that of the specimens fixed in 
Bouin’s fluid. For histology, samples were dehydrated in an ascending 
series of ethanol and embedded in Paraplast®. Sagittal and horizontal serial 
sections were made at intervals of 6 μm and stained in Hematoxylin and 
Eosin or with a modified Masson’s trichrome technique (Suvarna et al. 2013). 
The specimens studied were deposited in the Departamento de Protozoología, 
Helmintología e Invertebrados Afines, Museo de Historia Natural (MUSM-
INV), Peru. Two specimens were collected alive from Chillón River, Peru; 
one of these was preserved in ethanol (MUSM-INV 4842), and the other was 
sectioned sagittally (MUSM-INV 4841a–n, 14 glass slides). From Humedales 
de Ventanilla, Peru, ten specimens were observed alive and collected. Six 
specimens were preserved in ethanol (MUSM-INV 4843–4845), while 
three specimens were sectioned sagittally (MUSM-INV 4847a–d, 4848a–c, 
4849a–d), and one was sectioned horizontally (MUSM-INV 4846a–c). 

18S sequencing and phylogenetic analysis 

DNA was extracted from a single, fresh and starved worm from Chile, 
according to specifications detailed in Grohme et al. (2018). In brief, the 
tissue was homogenized in GTC buffer (4 M guanidinium thiocyanate, 25 mM 
sodium citrate, 0.5% v/v N-lauroylsarcosine, 7% v/v beta-mercaptoethanol) 
for 1–2 min on ice, occasionally mixing on a vortex to disrupt the tissue. 
This was followed by a phenol-chloroform-isoamyl alcohol extraction and 
glycogen-isopropanol precipitation, 70% ethanol wash and resuspension in 
30 µL of AE buffer (10 mM Tris-HCl, 0.5 mM EDTA, pH 9.0). 

The ribosomal subunit 18 (18S) gene was amplified by polymerase chain 
reaction (PCR) in full length from the isolated DNA by using the primers 
18S_1F 5’-ACCTGGTTGATCCTGCCAGTAG-3’ and 18S_9R 5’-GATCC 
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TTCCGCAGGTTCACCTAC-3’ (Carranza et al. 1996). The final PCR 
reaction volume for all molecules was 50 µL under the following conditions: 
2 min at 95 °C, 35 cycles of 50 s at 94 °C, 45 s at 45 °C, and 50 s at 68 °C, 
and, finally, 4 min at 68 °C. Amplification products were sequenced by 
Macrogen Inc. (Seoul, Korea), using the primers mentioned above. 
Chromatograms were revised, and a consensus sequence was obtained by 
mapping to a reference clone (KM200926.1) with default parameters and 
0.001 error probability limit, using Geneious version 2021.1.1. The 
resulting sequence was deposited in GenBank from the National Center for 
Biotechnology Information, NCBI (accession number OM293668). Basic 
Local Alignment Search Tool for Nucleotides (BLASTN) was run for 
analysis on NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi) using default 
settings (Zhang et al. 2000). To determine the phylogenetic position of our new 
specimens from Chile (18S sequence, OM293668.1), we built a phylogenetic 
tree with the Maximum Likelihood method (ML) on IQ-TREE (v 1.6.6) 
(Nguyen et al. 2015) using the same species and replicating the experimental 
conditions as in Li et al. (2021). 

Regeneration assay 

Two planarians from Chile were carefully dropped onto wet tissue paper 
and quickly cut pre- and post-pharyngeally using a sharp surgical knife. 
Head, trunk and tail fragments (6 pieces in total) were immediately 
transferred to a Petri dish containing Montjuïc planarian water and 
observed for 19 days. Regenerating pieces were kept continuously in the 
dark at 19 °C; the water was changed every 2–3 days. Photographs were 
taken with a digital camera attached to a stereo microscope. 

Abbreviations used in the figures 

bc, bursal canal; bl, blastema; cb, copulatory bursa; cvd, common vas 
deferens; e, eyes; ec, egg capsule; ed, ejaculatory duct; eg, erythrophil 
glands; go, gonopore; in, intestine; lb, lateral bursa; lg, lateral gonopore; rp, 
refringent patch; sg, shell glands; od, oviduct; ph, pharynx; pb, penis bulb; 
pp, penis papilla; vd, vas deferens. 

Results 

Records of Pentacoelum kazukolinda in Chile 

Identification: External appearance and molecular characterization. The 
external appearance of the specimens closely matched what is documented 
in the literature for P. kazukolinda, with their rounded anterior end and 
blunt posterior end. Live, sexually mature specimens measured 2.6–3.1 mm 
in length and 0.5–0.7 mm in width, while hatchlings measured 0.9–1.1 mm 
in length. The dorsal body pigmentation was light brown, with the three 
characteristic refringent spots on the dorsal surface: a transverse patch anterior 
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Figure 1. Pentacoelum kazukolinda from Chile. (A) Dorsal view of a live adult, showing external anatomy; (B) Stalkless, 
translucent egg capsule attached to a rock; (C) Dorsal view of a hatchling, showing refringent patches under transmitted light. 
Photos by CVD. 

to the eyes that might be composed of one or two stripes; a mid-dorsal 
longitudinal stripe; and a more or less continuous transverse patch 
posterior to the pharynx (Figure 1A). These patches are opaque under 
transmitted light. Animals laid stalkless, translucent egg capsules that 
measured 0.45–0.55 mm in diameter (Figure 1B); 3–4 juvenile worms 
hatched from each capsule and presented light body pigmentation and 
refringent patches (Figure 1C). Two pigmented eyecups were located in 
unpigmented spots in the anterior region of the body. The unpigmented 
pharynx was located in the posterior third of the body. Locomotion was 
remarkably fast. 

The 18S rDNA gene sequence identified the specimens from Santiago as 
Pentacoelum kazukolinda. The consensus sequence showed 97–100% identity 
to other P. kazukolinda sequences through BLASTN analysis, while a 
maximum likelihood phylogenetic tree showed that the newly sequenced 
Chilean individual (OM293668.1, highlighted in bold red, Figure 2) clusters 
with the published sequence of P. kazukolinda (highlighted in bold black, 
Figure 2). It is noteworthy that Pentacoelum sinensis, a Chinese member of 
the same genus, is situated far apart from P. kazukolinda (Figure 2), which 
clusters with Pacifides quadriauriculatum. Thus, in our phylogeny, the 
genus Pentacoelum is not monophyletic. Unfortunately, our single-gene 
analysis lacks the phylogenetic resolution to clarify the relations within the 
Maricola. Nevertheless, the non-monophyly of the genus Pentacoelum has 
been recovered in previous phylogenies, inferred also from a limited number 
of genes, based on concatenated datasets of 18S and 28S (Li et al. 2019, 2021). 

Location and associated flora and fauna. The O’Higgins Park is the second-
largest urban park in Santiago, Chile; it dates from the nineteenth century 
and encompasses an area of about 75 hectares. Planarian specimens (3 adults, 
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Figure 2. Maximum likelihood phylogenetic tree topology based on the 18S rDNA dataset. Numbers at nodes indicate support 
values (bootstrap). The newly sequenced Chilean individual (highlighted in bold red) clusters with the published sequence of 
P. kazukolinda (highlighted in bold black), with a bootstrap value of 100.   

12 juveniles, and 5 egg capsules attached under a rock) were collected from 
a human-modified freshwater spring (Figure 3A), running into an artificial 
pond that holds a Chinese botanical garden with macrophyte aquatic 
plants. Water conductivity reached 1010 µS/cm; pH: ~ 7. At this sampling 
locality, P. kazukolinda coexists with specimens of the freshwater triclad 
Girardia sp., as well as leeches (Glossiphoniidae), hydras, and the snails 
Potamopyrgus antipodarum (Gray, 1843) and Physella acuta (Draparnaud, 
1805), as reported by Collado (2014, 2017). 

Records of Pentacoelum kazukolinda in Peru 

Identification: External appearance and anatomy. Mature, live animals 
measured 1.54–3.8 mm in length and 0.73–0.85 mm in width (Figure 4A, B). 
The anterior end was rounded and the posterior end truncated, but the 
latter may attain a forked shape when animals adhere to the substratum 
(Figure 4A). The ventral surface was pale and slightly translucent (Figure 4B), 
while the dorsal surface was light brown, although intestinal branches were 
visible. The body margin was pale and slightly translucent, especially at the 
posterior end (Figure 4C). The dorsal body surface exhibits three refringent 
patches: (1) a transverse, more or less continuous and broad patch anterior 
to the eyes; (2) a longitudinal, mid-dorsal stripe located in the anterior half 
of the body (this stripe may be composed of two or three short stripes); 
(3) a transverse, more or less rectangular, narrow patch located approximately 
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Figure 3. Sampling localities. (A) O’Higgins Park’s artificial pond, Santiago, Chile; (B) Chillón River’s secondary channels, Lima, 
Peru; (C) Humedales de Ventanilla, Lima, Peru; (D) Artesian well, Florida, USA. Photos (A) by CVD, (B, C) by JR, and (D) by 
Jeremias Brand and Lukas Schärer. 

halfway between the pharyngeal pocket and the posterior body end (this 
patch may be composed of two or four small patches). These patches are 
opaque when observed under transmitted light, while the intestinal branches 
are visible (Figure 4C). Preserved animals were similar in shape and size to 
live animals. However, the dorsal refringent patches become very pale and 
lose their refringent property. 

In the mid-ventral body region, extending from behind the copulatory bursa 
to almost the end of the tail, the ventral epidermis is pierced by the numerous 
openings of erythrophilic glands, which stain bright red (Figure 5A, C); this 
structure may correspond to the mid-ventral adhesive band. The pharyngeal 
pocket is located in the posterior third of the body (Figure 4A). The pharynx 
has two types of glands, viz., (a) xanthophilic ones, of which the cell bodies 
are located outside of the pharynx and discharge at the tip of the pharynx, 
and (b) erythrophilic glands, located in the stroma of the pharynx that also 
discharge at its tip. 

The testicular follicles are located dorsally and are arranged into two rows 
on either side of the body, from the region of the ovaries to the posterior part 
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Figure 4. Pentacoelum kazukolinda from Peru. (A) Dorsal view of a live animal showing the 
refringent patches under reflected light; (B) Ventral view of a live animal showing the common 
and lateral gonopores; (C) Dorsal view of a live animal, showing egg capsule and refringent 
patches under transmitted light (scale bar not available); (D) Egg capsules and a juvenile with 
refringent patches. Photos by JR. 

of the body. The sperm ducts are expanded to form spermiducal vesicles 
packed with spermatozoa. At the level of the penis bulb, the two sperm 
ducts gradually narrow and, subsequently, curve dorsally and then unite 
before entering the penis bulb, thus forming a common vas deferens 
(Figures 5B, C). The hemispherical penis bulb comprises an inner layer of 
circular muscle and a weak outer layer of longitudinal fibres. The common 
vas deferens penetrates the anterodorsal wall of the penis bulb. It widens 
for some distance and continues as an ejaculatory duct, which opens at the 
tip of the penis papilla (Figures 5B, C). The latter is lined with a nucleated 
epithelium, underlain by a thick, subepithelial layer of circular muscle, 
followed by a layer of longitudinal fibres. 

Vitellaria extend from the pre-ovarian region to the posterior region of 
the body. Two ventral ovaries are located at 1/3th to 1/4th of the distance 
between the brain and the root of the pharynx and situated immediately 
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Figure 5. Pentacoelum kazukolinda from Chillón River, Peru, specimen MUSM-INV 4841a–n, 
sagittal sections; anterior to the right. (A) Photomicrograph of the copulatory bursa; (B) 
Photomicrograph of the penis papilla; (C) Reconstruction of the copulatory apparatus of 
P. kazukolinda. Photos by JR. 

dorsally to the ventral nerve cords. The oviducts originate from the 
ventrolateral wall of the ovaries. At the level of the copulatory apparatus, 
the oviducts give rise to a branch that runs to the bursal canal (Figure 5C) 
and another branch that turns towards the lateral bursa, which opens to 
the ventral exterior via a lateral gonopore (Figure 6A, B). At the point of 
communication between oviduct and lateral bursa there is a transition 
zone with rather large, circularly arranged, occluding cells (Figure 6C). Thus, 
there are three gonopores located between the pharyngeal pocket and the 
posterior end of the body, viz., the primary, mid-ventral gonopore, and a 
lateral gonopore on either side of the body (Figure 4B). 

The horizontally oriented bursal canal arises from the posterior wall of 
the genital atrium and, thereafter, runs posteriad in a sinuous trajectory to 
open into the copulatory bursa (Figure 5A, C). The bursal canal is lined with 
a ciliated, nucleated epithelium and is surrounded by a layer of circular muscle; 
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Figure 6. Pentacoelum kazukolinda from Peru, photomicrographs of specimens MUSM-INV 
4848a–c, sagittal sections (A, B), and MUSM-INV 4846a–c, horizontal section (C). (A) Lateral 
gonophore; (B) Lateral bursa; (C) Transition zone with a group of large, occluding cells (white 
arrowhead). Photos by FB. 
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it receives the openings of erythrophilic shell glands at its proximal portion, 
near its communication with the atrium and the oviducts (Figure 5A, C). 

Some specimens had an egg capsule in their genital atrium. The brown 
egg capsules were located just in front of the posterior refringent patch 
(Figure 4C) and measured about 0.26–0.29 mm in diameter (Figure 4D). 

Location and associated flora and fauna. Specimens were collected from 
two localities in Peru, viz., (1) vegetated, secondary channels in the Chillón 
River (Figure 3B) and (2) ponds at Humedales de Ventanilla (Figure 3C), a 
protected wetland area where groundwater is fed by three sources: rainfall, 
marine infiltration, and freshwater from the Chillón river basin (Gobierno 
Regional del Callao 2009). Interestingly, these ponds are next to the ocean, 
and, thus, the water is brackish, with conductivities measuring up to 18 mS/cm 
(Román 2018). In the river Chillón, P. kazukolinda was found together with 
the freshwater planarian Girardia sp. and species of microturbellarians 
(Reyes and Brusa 2017; Reyes et al. 2022), in association with the algae 
Enteromorpha sp. and Cladophora sp., which were present on the muddy 
littoral between rocks. At Humedales de Ventanilla, P. kazukolinda was 
highly associated with the algae Chara sp., which grows in the muddy 
littoral zone (Reyes and Brusa 2017), and on which we found the egg capsules 
of Pentacoelum to be deposited, which gave rise to 4–5 hatchlings per capsule. 
We did not find any mollusc species at these locations. 

Record of Pentacoelum kazukolinda in the USA 

Identification, location, and habitat. A single worm was collected from a 
freshwater artesian well that is located 2 km from the Florida coast (Figure 3D); 
the smell of the water suggested that it was presumably rich in sulphur. 
When still alive, the animal showed the characteristic pattern of refringent 
dorsal patches and the dimensions and body shape of P. kazukolinda. The 
specimen did not survive under laboratory conditions and, after that, 
deteriorated. The animal was identified by MVF, who is well-acquainted 
with the habitus of the species, solely based on its external appearance. 

Regeneration 

Worms did not survive longer than 30–35 days under laboratory conditions. 
Nevertheless, this gave us about 20 days to observe the regeneration process, 
during which regenerating head, trunk, and tail pieces were observed for 
several days. Trunk fragments were able to regenerate anterior and posterior 
regions. Head and tail fragments were also capable of regeneration. Wound 
contraction occurred about 30 minutes after amputation (Figure 7A). Anterior 
and posterior blastema formation was visible from day 3–4 post-amputation 
(Figure 7B). By day 19, regenerating pieces showed visible eyes and refringent 
patches (Figure 7C). Although the animals are well capable of regeneration, 
we did not find evidence in the field of asexual reproduction by fission. 
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Figure 7. Pentacoelum kazukolinda, regeneration. (A) Live trunk piece at the day of head and tail removal, showing wound 
contraction; (B) Live trunk piece 4 days after amputation, showing anterior and posterior regeneration blastemas; (C) Regenerating, 
live trunk piece 19 days after amputation, showing regenerated refringent patches and eyes. Photos by CVD. 

Discussion 

Molecular data incontrovertibly identified the animals from Chile as 
specimens of P. kazukolinda, while anatomical features did the same for 
specimens from Peru. From these molecular and histological results, it is 
evident that the highly characteristic external appearance of P. kazukolinda 
coincides with its genetic and anatomical markers. Therefore, we feel 
confident that the single specimen from Florida, which was only observed 
while still alive and then showed the characteristic pattern of refringent 
dorsal patches, also represented P. kazukolinda. With respect to anatomical 
features, it is noteworthy that the group of occluding cells that is 
interpolated between the oviducts and their openings into the lateral 
bursae was also depicted in the reconstructions of the holotype and the 
paratype of the species (cf. Sluys 1989, figures 222, 223). 

Based on their evaluation of the situation at that moment, Sluys et al. 
(2015) predicted the occurrence of P. kazukolinda in North and South 
America. Here, we corroborate this prediction by reporting the species 
from four localities in three countries: Chile, Peru, and continental USA. In 
their research, Sluys et al. (2015) were able to study the prey preference of 
P. kazukolinda by examining the gut content of the worms through an 
analysis of a mitochondrial gene sequence, the cytochrome c oxidase 
subunit 1 (COI), and a nuclear sequence, the ribosomal subunit 16 (16S). 
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This revealed that the flatworms preferred gastropods, while in one population, 
they also fed on annelids. The New Zealand mud snail P. antipodarum, in 
particular, was abundantly present in the diet of the flatworms at all 
localities examined by these authors (Sluys et al. 2015). Although, in the 
present study, we were unable to obtain COI sequences from the gut 
content of the worms, it is interesting that specimens of the invasive 
molluscs P. antipodarum and P. acuta have been collected at the same 
sampling locality in Chile (Collado 2014, 2017), and an undetermined species 
of Physa Draparnaud, 1801 and the African snail Melanoides tuberculata 
(Müller, 1774) were collected at the same locality in Peru (Vizcardo and 
Gil-Kodaka 2015). Thus, it may well be the case that also at these localities, 
these molluscs, and notably P. antipodarum, form the food refuge of 
P. kazukolinda. 

It is interesting to relate here the two facts that the presence of larval 
trematodes was established in specimens from Spanish populations of 
P. kazukolinda (Vila-Farré et al. 2008; Sluys et al. 2015) and that specimens 
of the snail P. antipodarum may be infested with several larval stages of 
trematodes as well (Gérard et al. 2003). In the planarians, the larval stages 
(metacercaria) were located in both the gut and the mesenchyme, and thus, 
they may have acquired the parasites through consumption of their 
mollusc prey. It was not clear if the planarians were hosts themselves or not. 

It is noteworthy that the ponds at Humedales de Ventanilla in Peru are 
brackish, so that P. kazukolinda is capable of living under such conditions. 
Similarly, Vila-Farré et al. (2008) reported P. kazukolinda from brackish 
waters of the Ebro River. 

Our observations that the egg capsules produced by P. kazukolinda are 
devoid of a stalk and measure 0.26–0.55 mm in diameter (Figures 1B, 4D) 
and that 4–5 juveniles hatch from each capsule, agree with earlier observations 
that the egg capsules measure 0.3–0.7 mm in diameter and that the number 
of hatchlings varies between 1 and 7, with an average of 4 juveniles (Vila-
Farré et al. 2008). Although earlier studies reported that hatchlings were 
unpigmented, apart from the refringent spots (Vila-Farré et al. 2008; Sluys 
et al. 2015), juveniles from Chile (Figure 1C) and Peru turned out to be 
lightly pigmented. 

The regenerative ability, typical of triclads, was previously mentioned by 
Vila-Farré et al. (2008) when preparing worms for karyological analysis. 
We observed that P. kazukolinda quickly contracts the amputation site and 
generates anterior and posterior blastemas within 3–4 days, as is the case in 
other planarian flatworms. Eyes and refringent patches were also regenerated 
and were visible from about day 15 of regeneration. We could not observe 
the complete regeneration process, resulting in a fully pigmented and 
proportional organism, because the animals did not survive for long periods 
under laboratory conditions. This may have resulted from the fact that the 
Montjuïc planarian water for laboratory cultures is not optimally suitable 
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Figure 8. Distribution of Pentacoleum kazukolinda. Filled red circles: previously known localities. Red circles, filled yellow: new 
localities of the specimens presented in this study (Table S1). Rectangular inset, detail of the Iberian Mediterranean coast. 1–3. 
Tarragona, Catalunya; 4. Xuquer River, Antella, Valencia; 5. Torrent Sant Jordi, Pollença, Mallorca; 6. Neckar River, Heidelberg, 
Germany; 7. Okinawa, Japan (two sampling sites); 8. Harlingen, The Netherlands; 9. Manoa Stream, Oahu, Hawaii (type locality); 
10. O’Higgins Park, Santiago, Chile; 11, 12. Chillón River near Trapiche, Canta Province, Lima, Perú. 13, 14. Humedales de 
Ventanilla, Ventanilla district, Lima, Perú. 15. Florida, USA. Localities 1–9 were extracted from Sluys et al. (2015). 

for many planarian species. It was originally formulated to mimic the water 
composition of an artificial spring in Barcelona, hosting a population of 
the model species Schmidtea mediterranea (Benazzi et al. 1975). 

In view of its worldwide distribution (Figure 8, Supplementary material 
Table S1), we can conclude that P. kazukolinda has successfully overcome 
potential limitations of its transport, establishment, and spread. Sluys et al. 
(2015) suggested that the dispersal of P. kazukolinda is facilitated by the 
introduction of aquatic plants, such as Taro Colocasia esculenta (Linnaeus, 
1753) Schott. Although C. esculenta occurs at a locality near Humedales de 
Ventanilla, Peru, we did not find P. kazukolinda at this particular spot. 
Furthermore, C. esculenta is not present at the Chinese botanical garden in 
Santiago, Chile. Nevertheless, our new findings lend support to the hypothesis 
that the dispersal of P. kazukolinda is facilitated by the introduction of 
aquatic plants, such as macrophytes, present at the Chile and Peru localities, 
and species of Chara Linnaeus, 1753. Chara plant species are mainly 
distributed in the Northern Hemisphere (the USA and Europe), but were 
also found in the Humedales de Ventanilla, Peru, associated with 
P. kazukolinda, which uses these plants as a substrate for depositing its egg 
capsules. These plants can potentially host both the planarian and its prey 
species during transport. In this way, the flatworm is transported with its 
ecosystem, thus, having available the main component of its diet immediately 
upon introduction. As the planarians appear to feed on several species of 
gastropods and annelids, the presence of such potential prey species at the 
introduction site may greatly facilitate the settlement of P. kazukolinda. 
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Interestingly, the sampling site of P. kazukolinda in Florida is also of 
artificial origin, a characteristic shared by all other localities inhabited by 
the species. This supports the notion that P. kazukolinda reached continental 
USA also by means of human-mediated dispersal. 

The snails P. antipodarum, P. acuta and M. tuberculata currently are 
globally invasive species (Vaz et al. 1986; Taylor 2003; Alonso and Castro-
Díez 2008; Collado 2014, 2017), being native to New Zealand, North America, 
and NE Africa and SE Asia, respectively. At this moment it remains an 
open question whether P. kazukolinda was originally also a native of New 
Zealand and from there started its spread over the world, effectuated by the 
international plant trade. The first step in the elucidation of this enigma is 
to determine whether presently the flatworm occurs in New Zealand. 

Acknowledgements 
We are indebted to Dr Nicolás Cumplido for assistance during sample collection in Chile, as 
well as to Dr Jeremias Brand and Dr Lukas Schärer for collecting and making available to us 
the specimen from Florida and for information on its locality. We thank Dr Jochen C. Rink, 
director of the Department of Tissue Dynamics and Regeneration at the Max Planck Institute, 
for hosting and supporting MVF. JR thanks Christian Carazas for collaboration and Julio 
Echazú for facilitating permits and entrance to the Regional Conservation area Humedales de 
Ventanilla. We are grateful to Andrei Rozanski for his help in producing the phylogenetic tree 
for Figure 2. We thank the anonymous reviewers of this manuscript for their constructive criticism. 

Funding Ddeclaration 
This work was funded by the following grants: Agencia Nacional de Investigación y Desarrollo 
(ANID)-FONDECYT postdoctoral N3180580 to CVD; ANID/ACE/210011 and ANID/MILENIO/ 
ICN2021_044 to MLA; Universidad Nacional de La Plata 11/N886 and 11/N935, Consejo Nacional 
de Investigaciones Científicas y Técnicas (CONICET) PIP 2021-2023 - 11220200101531CO, and 
Agencia Nacional de Promoción Científica y Tecnológica (ANCyT) PICT 2019-1143 to FB. 
The funders had no role in study design, data collection and analysis, decision to publish, or 
preparation of the manuscript. 

Authors’ contribution 
CVD, FB, and JR prepared material, all authors contributed to the analysis of the data. CVD 
prepared figures and the first draft of the manuscript. All authors contributed to subsequent 
versions of the manuscript, with RS editing the text. All authors read and approved the final 
manuscript. 

References 
Alonso A, Castro-Díez P (2008) What explains the invading success of the aquatic mud snail 

Potamopyrgus antipodarum (Hydrobiidae, Mollusca)? Hydrobiologia 614: 107–116, 
https://doi.org/10.1007/s10750-008-9529-3 

Bellard C, Cassey P, Blackburn TM (2016) Alien species as a driver of recent extinctions. 
Biology Letters 12: 20150623, https://doi.org/10.1098/rsbl.2015.0623 

Benazzi M, Baguñà J, Ballester R, Del Papa R (1975) Further contribution to the taxonomy of 
the Dugesia lugubris-polychroa group with description of Dugesia mediterranea n. sp. 
(Tricladida, Paludicola). Bolletino di Zoologia 42: 81–89, https://doi.org/10.1080/11250007509 
430132 

Carranza S, Giribet G, Ribera C, Riutort M (1996) Evidence that two types of 18S rDNA 
coexist in the genome of Dugesia (Schmidtea) mediterranea (Platyhelminthes, Turbellaria, 
Tricladida). Molecular Biology and Evolution 13: 824–832, https://doi.org/10.1093/ 
oxfordjournals.molbev.a025643 

Cebrià F, Newmark PA (2005) Planarian homologs of netrin and netrin receptor are required for 
proper regeneration of the central nervous system and the maintenance of nervous system 
architecture. Development 132: 3691–3703, https://doi.org/10.1242/dev.01941 

https://doi.org/10.3391/bir.2022.11.4.25
https://www.invasivesnet.org
https://doi.org/10.1007/s10750-008-9529-3
https://doi.org/10.1098/rsbl.2015.0623
https://doi.org/10.1080/11250007509430132
https://doi.org/10.1080/11250007509430132
https://doi.org/10.1093/oxfordjournals.molbev.a025643
https://doi.org/10.1093/oxfordjournals.molbev.a025643
https://doi.org/10.1242/dev.01941


 Finds in North and South America of Pentacoelum kazukolinda (Tricladida) 

 Vásquez-Doorman et al. (2022), BioInvasions Records 11(4): 1078–1094, https://doi.org/10.3391/bir.2022.11.4.25 1093 

Collado GA (2014) Out of New Zealand: molecular identification of the highly invasive 
freshwater mollusk Potamopyrgus antipodarum (Gray, 1843) in South America. Zoological 
Studies 53: 70, https://doi.org/10.1186/s40555-014-0070-y 

Collado GA (2017) Unravelling cryptic invasion of a freshwater snail in Chile based on molecular 
and morphological data. Biodiversity and Conservation 26: 567–578, https://doi.org/10. 
1007/s10531-016-1255-y 

Gérard C, Blanc A, Costil K (2003) Potamopyrgus antipodarum (Mollusca: Hydrobiidae) in 
continental aquatic gastropod communities: impact of salinity and trematode parasitism. 
Hydrobiologia 493: 167–172, https://doi.org/10.1023/A:1025443910836 

Gobierno Regional del Callao (2009) Plan Maestro 2009-2014. Área de Conservación Regional 
Humedales de Ventanilla. Decreto Regional Nº 012. https://aquadocs.org/handle/1834/8220 

Grohme MA, Vila-Farré M, Rink JC (2018) Small- and large-scale high molecular weight 
genomic DNA extraction from planarians. In: Rink JC (ed), Planarian Regeneration: Methods 
and Protocols. Methods in Molecular Biology, vol. 1774, Springer Science+Business 
Media, New York, pp 267–275, https://doi.org/10.1007/978-1-4939-7802-1_7 

He Y, Zhao JQ, Ning WR, Zhuang JY, Zhang Y, Wang AT (2016) A new species of the genus 
Bothrioplana (Platyhelminthes: Bothrioplanida: Bothrioplanidae) and a new species of the 
genus Pentacoelum (Tricladida: Bdellouridae) from southern China. Zootaxa 4179: 209–224, 
https://doi.org/10.11646/zootaxa.4179.2.2 

Kawakatsu M, Mitchell R (1984) Oahuhawaiiana kazukolinda gen. et sp. nov. (Turbellaria, 
Tricladida, Maricola), a new freshwater planarian from Honolulu, Oahu Island, Hawaii, 
U.S.A. Zoological Science 1: 487–500, https://doi.org/10.34425/zs000053 

Kumschick S, Bacher S, Evans T, Markova Z, Pergl J, Pyšek P, Vaes-Petignat S, van der Veer 
G, Vilà M, Nentwig W (2015) Comparing impacts of alien plants and animals in Europe 
using a standard scoring system. Journal of Applied Ecology 52: 552–561, https://doi.org/ 
10.1111/1365-2664.12427 

Li MY, Ma XY, Li WX, Yang Y, Sluys R, Chen JJ, Li SF, Wang AT (2021) A new species of 
Pacifides from the Western Pacific Coast and the first fully freshwater species of the 
maricolan planarian genus Paucumara (Platyhelminthes, Tricladida, Maricola). Systematics 
and Biodiversity 19: 488–506, https://doi.org/10.1080/14772000.2021.1877846 

Li WX, Sluys R, Vila-Farré M, Chen JJ, Yang Y, Li SF, Wang AT (2019) A new continent in 
the geographic distribution of the genus Oregoniplana (Platyhelminthes: Tricladida: 
Maricola), its rediscovery in South Africa and its molecular phylogenetic position. 
Zoological Journal of the Linnean Society 187: 82–99, https://doi.org/10.1093/zoolinnean/zlz013 

Nguyen LT, Schmidt HA, von Haeseler A, Migh BQ (2015) IQ-TREE: A fast and effective 
stochastic algorithm for estimating maximum-likelihood phylogenies. Molecular Biology 
Evolution 32: 268–274, https://doi.org/10.1093/molbev/msu300 

Pyšek P, Hulme PE, Simberloff D, Bacher S, Blackburn TM, Carlton JT, Dawson W, Essl F, 
Foxcroft LC, Genovesi P, Jesschke JM, Kühn I, Liebhold AM, Mandrak NE, Meyerson LA, 
Pauchard A, Pergl J, Roy HE, Seebens H, van Kleunen M, Vilà M, Wingfield MJ, 
Richardson DM (2020) Scientists’ warning on invasive alien species. Biological Reviews 
95: 1511–1534, https://doi.org/10.1111/brv.12627 

Reyes J, Brusa F (2017) Species of Macrostomum (Macrostomorpha: Macrostomidae) from the 
coastal region of Lima, Peru, with comments on M. rostratum Papi, 1951. Zootaxa 4362: 
246–258, https://doi.org/10.11646/zootaxa.4362.2.4 

Reyes J, Severino R, Brusa F (2022) New records of free-living microturbellarians from the 
Chillón River, Peru. Neotropical Biodiversity 8: 56–67, https://doi.org/10.1080/23766808. 
2022.2040348 

Román P (2018) Insectos Acuáticos como Bioindicadores del Estado Ecológico de los 
Humedales de Ventanilla-Callao, Perú. Tesis para optar el Título Profesional de Licenciada 
en Biología. Unpublished thesis, Universidad Nacional Federico Villarreal, 100 pp 

Sluys R (1989) A Monograph of the Marine Triclads. A. A. Balkema, Rotterdam & Brookfield. 
XII + 463 pp 

Sluys R, Riutort M, Ribas M, Baguñà J (1990) On Pentacoelum hispaniensis, a marine triclad 
from Spanish freshwater (Platyhelminthes, Tricladida, Maricola). Hydrobiologia 199: 101–106, 
https://doi.org/10.1007/BF00005602 

Sluys R, Vila‐Farré M, Álvarez‐Presas M, Riutort M, Kawakatsu M (2015) The diet and distribution 
of Pentacoelum kazukolinda (Kawakatsu & Mitchell, 1984), a maricolan planarian with a 
freshwater ecology. Zoologica Scripta 44: 72–91, https://doi.org/10.1111/zsc.12084 

Suvarna SK, Layton C, Bancroft JD (2013) Bancroft’s theory and practice of histological 
techniques. Churchill Livingstone Elsevier, London, 603 pp 

Taylor DW (2003) Introduction to Physidae (Gastropoda: Hygrophilia); biogeography, classification, 
morphology. Revista de Biología Tropical 51(Suppl. 1): 1–289 

Vila-Farré M, Sluys R, Fernández J, Sancho-Prat M, Ferrer X, Romero R (2008) Ecology, 
karyology, and anatomy of the planarian Pentacoelum hispaniense Sluys, 1989 
(Platyhelminthes, Tricladida). Graellsia 64: 45–54, https://doi.org/10.3989/graellsia.2008.v64.i1.53 

Vaz JF, Teles HMS, Correa MA, Leite SPS (1986) Ocorrência no Brasil de Thiara (Melanoides 
tuberculatus) Müller, 1774, (Gastropoda, Prosobranchia), primeiro hospedeiro intermediário 

https://doi.org/10.3391/bir.2022.11.4.25
https://www.invasivesnet.org
https://doi.org/10.1186/s40555-014-0070-y
https://doi.org/10.1007/s10531-016-1255-y
https://doi.org/10.1007/s10531-016-1255-y
https://doi.org/10.1023/A:1025443910836
https://aquadocs.org/handle/1834/8220
https://doi.org/10.1007/978-1-4939-7802-1_7
https://doi.org/10.11646/zootaxa.4179.2.2
https://doi.org/10.34425/zs000053
https://doi.org/10.1111/1365-2664.12427
https://doi.org/10.1111/1365-2664.12427
https://doi.org/10.1080/14772000.2021.1877846
https://doi.org/10.1093/zoolinnean/zlz013
https://doi.org/10.1093/molbev/msu300
https://doi.org/10.1111/brv.12627
https://doi.org/10.11646/zootaxa.4362.2.4
https://doi.org/10.1080/23766808.2022.2040348
https://doi.org/10.1080/23766808.2022.2040348
https://doi.org/10.1007/BF00005602
https://doi.org/10.1111/zsc.12084
https://doi.org/10.3989/graellsia.2008.v64.i1.53


 Finds in North and South America of Pentacoelum kazukolinda (Tricladida) 

 Vásquez-Doorman et al. (2022), BioInvasions Records 11(4): 1078–1094, https://doi.org/10.3391/bir.2022.11.4.25 1094 

de Clonorchis sinensis (Cobbold, 1875) (Trematoda, Platyhelminthes). Revista de Saúde 
Pública 20: 318–322, https://doi.org/10.1590/S0034-89101986000400008 

Vizcardo C, Gil-Kodaka P (2015) Estructura de las comunidades macrozoobentónicas de los 
Humedales de Ventanilla, Callao, Perú. Anales Científicos 76: 1–11, https://doi.org/10.21704/ 
ac.v76i1.702 

Zhang Z, Schwartz S, Wagner L, Miller W (2000) A greedy algorithm for aligning DNA 
sequences. Journal of Computational Biology 7: 203–214, https://doi.org/10.1089/1066527 
0050081478 

   
   

Supplementary material 

The following supplementary material is available for this article: 
Table S1. Geographic coordinates of sampling localities. 
This material is available as part of online article from: 
http://www.reabic.net/journals/bir/2022/Supplements/BIR_2022_Vasquez-Doorman_etal_SupplementaryMaterial.xlsx 

https://doi.org/10.3391/bir.2022.11.4.25
https://www.invasivesnet.org
https://doi.org/10.1590/S0034-89101986000400008
https://doi.org/10.21704/ac.v76i1.702
https://doi.org/10.21704/ac.v76i1.702
https://doi.org/10.1089/10665270050081478
https://doi.org/10.1089/10665270050081478
http://www.reabic.net/journals/bir/2022/Supplements/BIR_2022_Vasquez-Doorman_etal_SupplementaryMaterial.xlsx


<<

  /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 true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 450

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.00000

  /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 true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 450

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.00000

  /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 600

  /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



