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ABSTRACT

Background: The land flatworm Amaga expatria Jones & Sterrer, 2005
(Geoplanidae) was described from two specimens collected in Bermuda in 1963 and
1988 and not recorded since.
Methods: On the basis of a citizen science project, we received observations in the
field, photographs and specimens from non-professionals and local scientists in
Martinique and Guadeloupe. We barcoded (COI) specimens from both islands and
studied the histology of the reproductive organs of one specimen. Based on Next
Generation Sequencing, we obtained the complete mitogenome of A. expatria and
some information on its prey from contaminating DNA.
Results: We add records from 2006 to 2019 in two French islands of the Caribbean
arc, Guadeloupe (six records) and Martinique (14 records), based on photographs
Submitted 18 June 2020 obtained from citizen science and specimens examined. A specimen from Martinique
Accepted 14 September 2020 was studied for histology of the copulatory organs and barcoded for the COI
Published 9 November 2020 : B . .
‘ gene; its anatomy was similar to the holotype, therefore confirming species
Correispondlng author bt identification. The COI gene was identical for several specimens from Martinique
- tine, justi . . .
Jean-Lou Justine, justine@mnhn.fr and Guadeloupe and differed from the closest species by more than 10%; molecular
characterisation of the species is thus possible by standard molecular barcoding
techniques. The mitogenome is 14,962 bp in length and contains 12 protein
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. coding genes, two rRNA genes and 22 tRNA genes; for two protein genes it was
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page 14 not possible to determine the start codon. The mitogenome was compared with
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earthworms; the species thus could be a threat to biodiversity of soil animals in the
Caribbean.

Subjects Agricultural Science, Conservation Biology, Molecular Biology, Soil Science, Zoology
Keywords Platyhelminthes, Invasive alien species, Caribbean, Mitogenome, Barcoding,
Martinique, Guadeloupe, Geoplanidae

INTRODUCTION

The land flatworm Amaga expatria Jones ¢ Sterrer, 2005 (Platyhelminthes, Geoplanidae)
was described from two specimens collected in Bermuda in 1963 and 1988 (Jones ¢~ Sterrer,
2005). It has not been recorded since. Jones ¢ Sterrer (2005) concluded that the species
was an alien species in Bermuda, probably introduced from South America since other
members of the genus have been collected in this region, including Colombia, Peru, Chile,
Brazil, Paraguay and Argentina (Ogren ¢ Kawakatsu, 1990); the genus Amaga Ogren ¢
Kawakatsu, 1990 currently includes 10 species (Grau et al., 2012).

In 2003, one of us (JLJ) undertook a citizen science program in France about alien land
flatworms. Records were unexpectedly received from other locations including French
overseas territories (Justine et al., 2014, 2015, 2018a, 2018b, 2019; Justine e Winsor, 2020).
Among these were several records of large land flatworms from the two Caribbean
islands of Martinique and Guadeloupe with similar dimensions and pigmentation to
A. expatria and tentatively identified as such. To confirm this identification, one specimen
from Martinique has been partially sectioned for anatomical comparison with the type
material. The same specimen was also subjected to molecular sequencing (COI barcoding).
Another specimen from Martinique was included in a comparative study of the
mitogenome of several land flatworms (Gastineau & Justine, 2020; Gastineau et al., 2019,
2020).

We present here new records of A. expatria in two islands of the Caribbean, and provide
additional morphological information, the first barcoding characterisation of the species
and its complete mitogenome.

MATERIALS AND METHODS

Citizen science and collection of information

Records were collected from 2013 to 2019, a period of 7 years (single records from 2006 to
2012 are also included). We used the same methods as for our previous research on land
flatworms (Justine et al., 2014, 2015, 2018a, 2018b, 2019). A blog (Justine, 2019) and a
twitter account (@Plathelminthe4) were the main tools for collecting and transmitting
information. The collaboration of local natural history associations and of the FREDON
(Regional federations for the control of pests) in the departments of Martinique and
Guadeloupe was also instrumental. Reports of sightings were received from the

general public and from professionals, generally by email. We solicited and obtained
specimens. Specimens were obtained alive, fixed in near boiling water and preserved in
95% ethanol, or sometimes fixed directly in cold ethanol. They were sent to the Muséum
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National d'Histoire Naturelle (MNHN) in Paris, registered and processed for molecular
studies.

Histology

A specimen from Martinique, MNHN JL146, was used for histology. It was killed alive
in boiling water, then kept in 80% ethanol. A portion about 1.7 cm long containing the
copulatory apparatus was removed for sectioning. Horizontal longitudinal sections
(HLS) were cut at 12 um thickness, mounted on 41 slides, stained in haematoxylin and
eosin and mounted in Canada balsam (slides 1-5 and 38-41 remain unstained in wax).
Slides are deposited in the MNHN, Paris, registration number MNHN JL146.

Molecular barcoding

For molecular analysis, a small piece of the body (1-3 mm®) was taken from the

lateral edge of ethanol-fixed individuals. Extraction of DNA and PCR were performed
as in previous similar works (Justine et al., 2019). Briefly, a fragment of 424 bp was
amplified with the primers JB3 (=COI-ASmitl) and JB4.5 (=COI-ASmit2) (Bowles, Blair ¢
McManus, 1995; Littlewood, Rohde ¢ Clough, 1997), and a fragment of 825 bp was
amplified with the primers BarS (Alvarez-Presas et al., 2011) and COIR (Ldzaro et al.,
2009; Mateos et al., 2013). PCR products were purified and sequenced in both directions
on a 96-capillary 3730x] DNA Analyzer sequencer (Applied Biosystems, Foster City,
CA, USA). Results of both analyses were concatenated to obtain a COI sequence

of 903 bp in length. Sequences were edited using CodonCode Aligner software
(CodonCode Corporation, Dedham, MA, USA), compared to the GenBank database
content using BLAST, and deposited in GenBank under accession number
MT602619-MT602626.

Next generation sequencing, phylogeny and identification of
contaminant DNA

A slice of flesh from specimen MNHN JL305 was sent to the Beijing Genomics Institute
(BGI) in Shenzhen, which provided DNA extraction and sequencing. Sequencing was
performed on a DNBSEQ platform. A total of ca. 60 million clean paired-end reads
were obtained. Reads were assembled using SPAdes 3.14.0 (Bankevich et al., 2012) with
a k-mer of 85. Contigs corresponding to the mitogenome and the nuclear ribosomal
RNA genes were retrieved by customized blastn command line analyses, using already
available sequences downloaded from GenBank as a custom database; ribosomal RNA
genes (not used in this article), were deposited into GenBank as MT860713 (18S) and
MT860719 (partial 28S). In addition to the sequences related to A. expatria, other positive
matches belonging to contaminant DNA were obtained as explained in the results. tRNA
were identified using tRNA-scan (Lowe & Chan, 2016). The mitogenome was verified
using the Consed package (Gordon, Abajian ¢ Green, 1998), and gene identification
was performed using MITOS (Bernt et al., 2013). The genomic map was drawn using
OGDRAW (Lohse et al., 2013). Amino acid sequences of the protein coding genes

were concatenated following a protocol already described (Gastineau ¢ Justine, 2020;
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Gastineau et al., 2019, 2020), and aligned with corresponding sequences from other species
using MAFFT (Katoh & Standley, 2013); we used the command-line version of MAFFT,
with the option “G-INS-I”. A maximum likelihood phylogeny was inferred from this
alignment using RaxML version 8.0 (Stamatakis, 2014) using the MtArt substitution model
(Abascal, Posada & Zardoya, 2007). The best tree out of 100 was computed for 100
bootstrap replicates.

COl trees and distances

MEGA7 (Kumar, Stecher ¢ Tamura, 2016) was used to evaluate distances, and construct
trees. For the outgroup, we chose a sequence in GenBank from the South American species
O. nungara Carbayo et al., 2016 (MN529572) which had a 100% query cover with our
sequences.

RESULTS

Information obtained from citizen science and other scientists

We obtained 14 verified records from Martinique (map in Fig. 1), from 2006 to 2018,
and six verified records from Guadeloupe, from 2012 to 2018 (map in Fig. 2). Records
were generally obtained as photographs, but we also received five specimens from
Martinique and three specimens from Guadeloupe (Table 1). In addition, Francois
Meurgey (email, 29 January 2016) added information about Guadeloupe: “Amaga expatria
is quite common in the high series of the mesophilic forest and between 400 and 700

m altitude in the moist forest. I met it in the municipalities of Baillif (St. Louis river),
Matouba, Trois-Rivieres, and Gourbeyre. It seems more frequent in the South of
Basse-Terre. I have observed it attacking snails of the genera Helicina, Pleurodonte and
earthworms.” Laurent Charles (email, 15 May 2020) sent a photograph showing predation
on a snail identified as Helicina platychila (Von Miihlfeld, 1824).

Morphology and histology

Live specimens mentioned in this study, measured on photographs (Figs. 3-5), were
128-132 mm in length and 5.5-9 mm in width in extended state, and 35 x 12 mm in
contracted state.

Description of Specimen MNHN JL146.

Living dimensions (Fig. 3): length 128 mm, width 5.5 mm. Preserved dimensions:
length 108 mm, width 9 mm, height 2 mm; mouth 53%; genital pore 75%.

The copulatory apparatus (Fig. 6) is about 8 mm long from the anterior of the male
system to the posterior of the female system. The male system is about 5 mm long and the
female system about 3 mm long.

Two sperm ducts, about 1.2 mm apart, each with copious stored sperm (cyanophylic)
approach the copulatory apparatus, briefly turn anteriorly before opening separately
into the ventral end of a single duct (Fig. 6D). This duct has a thick muscular wall and runs
vertically from ventral to dorsal for about 1080 um (runs through 90 sections x 12 um).
At its dorsal end this duct continues posteriorly as a narrow sinuous duct before
broadening into the ejaculatory duct. The ejaculatory duct terminates in a short penis
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Figure 1 Amaga expatria, map of records in Martinique. The background colours indicate annual
raindrop falls. Most records are from the Northern part of the island where raindrops are high, but the
record in Sainte-Luce in the South is a from a relatively drier part. Map by Jessica Thévenot, background
provided by Météo-France and used with authorisation. ~ Full-size K&l DOI: 10.7717/peerj.10098/fig-1

about 800 um long and 600 pm wide (Figs. 6A and 6B). There are atrial folds outside the
penis in the common antrum.

The two ovovitelline ducts (Figs. 6A and 6B) are about 2 mm apart anterior to the penis,
they run posteriorly and at about the level of the penis they turn dorsally to join and
open into the combined female duct. Copious shell glands (eosinophilic) are present
and open into both ovovitelline ducts before they join (Fig. 6C) to form the combined
female duct. The combined female duct broadens, and has one or two longitudinal folds,
before opening into the common antrum.

The gonopore opens from the common antrum via a short, narrow duct.

Molecular characterization—COlI

For four specimens, the amplified COI sequences obtained were identical along their
whole length (903 bp). These specimens were JL289, JL305 (obtained both from Sanger
sequencing and from the mitogenome) and JL310 from Martinique, and JL319 from
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Figure 2 Amaga expatria, map of records in Guadeloupe. The background colours indicate annual
raindrop falls. Most records are from Basse Terre, where raindrops are high, but the record in Ste-Anne in
Grande Terre is from a relatively drier part. Map by Jessica Thévenot, background provided by
Météo-France and used with authorisation. Full-size K&l DOTI: 10.7717/peer;j.10098/fig-2

Guadeloupe. This demonstrates that the same species was found in both islands. Specimen
JL146 from Martinique, which was processed for histology, and three other specimens,
JL216 and JL217 from Guadeloupe and JL262 from Martinique, provided shorter
sequences but these were also identical between them and with the 4 sequences above
for their portion in common. This demonstrates that the specimen studied for histology is
from the same species, therefore confirming that the species in both islands is A. expatria.
Differences with O. nungara, calculated on the 903 bp in common, were 12%.

Mitogenome

The mitogenome (Fig. 7) is 14,962 bp long (GenBank accession number: MT527191).

It contains 12 protein coding genes, two ribosomal RNA genes and 22 transfer RNA
genes. The mitogenome is completely colinear with that of O. nungara (KP208777)
(Sola et al., 2015) and similar in size (14,909 bp for O. nungara). A megablast query using
the whole sequence of the mitogenome shows a global 83.77% identity between these
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Table 1 Records of Amaga expatria from Guadeloupe and Martinique.

6 December 2014
12 December 2014
21 January 2016
20 December 2017

MNHN JL216 + photo
MNHN JL217 + photo

Photo

MNHN JL319 + photo

Gourbeyre Guadeloupe ~ MT602620  Laurent Charles

Bouillante Guadeloupe = MT602621  Laurent Charles

Baillif Guadeloupe  No Pierre et Claudine Guezennec
Trois Riviéres Guadeloupe ~ MT602626  Guy van Laere

Date Record (specimen number Number of Commune Department COI Collector/observer
and/or photo) specimens sequences

28 February 2006 Photo 0 Case-Pilote Martinique ~ No Régis Delannoye
17 August 2013 Photo 0 Case-Pilote Martinique ~ No Régis Delannoye
25 November 2013  Movie 0 Fort de France =~ Martinique No Anonymous
20 December 2013 Photo 0 Le Lamentin Martinique No Pierre Damien Lucas
6 May 2014 MNHN JL146 + photo 1 Le Gros Morne  Martinique MT602619  Clément Dromer
21 March 2015 Photo 0 La Trinité Martinique ~ No Régis Delannoye
5 August 2015 MNHN JL262 1 La Trinité Martinique MT602622  Olivier Palcy
17 October 2015 Photo 0 Le Gros Morne  Martinique No Pierre Damien Lucas
12 November 2015 MNHN JL305 1 Le Morne Vert ~ Martinique =~ MT602624*  Mathieu Coulis
13 November 2015  Photo 0 Ducos Martinique ~ No Cedric Rareg
4 February 2016 MNHN JL289 1 Le Marigot Martinique MT602623 Régis Delannoye
18 June 2017 MNHN JL310 + photo 1 Le Lamentin Martinique =~ MT602625  Mathieu Coulis
22 June 2017 Photo 0 Fort de France ~ Martinique =~ No Marcel Bourgade
27 January 2018 Photo 0 Sainte-Luce Martinique ~ No Stéphane Bras
12 February 2019 Photo 0 La Trinité Martinique No Régis Delannoye
20 December 2012 Photo 0 Trois Riviéres Guadeloupe  No Guy van Laere

1

1

0

1

0

06 August 2018

Photo

Sainte-Anne Guadeloupe  No Jean-Christian Rotger

Note:

* For MNHN JL305, we obtained both a COI sequence (GenBank MT602624) and the complete mitogenome (GenBank MT527191).
The Table includes only observations based on photographs and specimens. Francois Meurgey provided additional findings in Guadeloupe: 10.10.2019, Goyave;

16.10.2019, Vieux-Fort; 22.06.2019, Petit

Canal.

Figure 3 Amaga expatria, specimen MNHN JL146 from Martinique. (A) Living specimen, photo-
graph by Clément Dromer; scale: the diameter of the coin is 24 mm; anterior tip is left. (B) Preserved
specimen, photograph by Jean-Lou Justine. This specimen was used for anatomy.

Full-size K&l DOT: 10.7717/peerj.10098/fig-3

two species. The mitogenome is also colinear with those of Bipalium kewense, but not with
those of Platydemus manokwari and Parakontikia ventrolineata. For three genes, atp6,
cox2 and ND3, it was not possible to determine the start codon. The first methionine of the
predicted proteins occurs at position 72/224 for atp6, 112/260 for cox2 and 44/112 for
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Figure 4 Amaga expatria from Martinique, living specimens. (A) Photograph by Cedric Rareg; (B and
C) Photograph by Régis Delannoye; (C) Scale in mm; (D) Photograph by Mathieu Coulis, specimen
MNHN JL305. Anterior tip is left for all specimens. Full-size K&l DOT: 10.7717/peerj.10098/fig-4

ND3. It is worth mentioning that the impossibility to evidence a start codon for these genes
was observed with O. nungara, but not for example with B. kewense, Pl. manokwari or
Pa. ventrolineata. Unlike O. nungara, however, no overlap between the ND4L and ND4
genes was evidenced.

In the tree representing a maximum likelihood phylogeny of amino acid sequences of
protein coding genes, A. expatria is the sister-group of O. nungara (Fig. 8).

Detection of an alien DNA

After assembly, sequences linked with contaminating DNA were identified. Three
contigs of 3,080 bp, 7,274 bp and 15,202 bp were retrieved. Megablast analyses were
performed on the NCBI portal. The best results are listed thereafter. The 3,080 bp fragment
displayed a 99.66% of identity with the 18S ribosomal genes of sequences identified

as the molluscs Subulina striatella (Rang, 1831) (MN022690), Lissachatina fulica
(MN022692) and Achatina fulica (Férussac, 1821) (KU365375). The 7274 bp fragment
showed a 99.97% of identity with the internal transcribed spacer 2 of a sequence identified
as Subulina octona (Bruguiére, 1789) (MF444887). The longest fragment appeared to be a
nearly complete mitochondrial genome. The coxI gene was extracted from it, and it
showed a 97.86% of identity with S. octona (JX988065).

DISCUSSION

New records
Amaga expatria was described on the basis of two specimens from Bermuda, the holotype,
collected in 1988, and a paratype, collected in 1963 (Jones ¢ Sterrer, 2005). The species has
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Figure 5 Amaga expatria from Guadeloupe, living specimens in the field. (A) Photograph by Pierre
and Claude Guezennec (anterior tip is left); (B and C) photographs by Laurent Charles, (B) specimen
MNHN JL216, (C) MNHN JL217; the prey snail is Helicina platychila; (D) photograph by Mathieu
Coulis, specimen MNHN JL310; (E-G) photographs by Guy van Laere, (E and F) specimen MNHN
JL319, (E) dorsal side, (F) showing ventral side, (G) specimen with damaged posterior part.

Full-size K&l DOT: 10.7717/peerj.10098/fig-5

not been recorded since, but was mentioned in a book on molluscs of Martinique
(Delannoye et al., 2015). These were originally identified by one of us (JL]) and are also
included in the present study. Our study has ten times more records than the original
description, with 6 records from Guadeloupe and 14 records from Martinique (Table 1).
This exemplifies again the power of citizen science for recording land flatworms (Justine
et al., 2018b, 2019).

Justine et al. (2020), PeerdJ, DOI 10.7717/peerj.10098 M jo9n7
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Figure 6 Amaga expatria, specimen MNHN JL146 from Martinique, anatomy. Anatomy of the
copulatory apparatus, anterior to the right: (A and B) respectively an HLS section and a diagrammatic
reconstruction through the copulatory apparatus to the same scale; (C) posterior of the female ducts
showing the junction of the ovovitelline ducts; (D) anterior of the male ducts showing the junction of the
sperm ducts, both with copious stored sperm (cyanophylic) with the ventral end of the vertical sperm
duct. Abbreviations: ed, ejaculatory duct; jod, junction of the ovovitelline ducts; jsd, junction of the sperm
ducts and the vertical sperm duct; od, ovovitelline duct; p, penis; sd, sperm duct; shg, shell gland; vsd,
vertical sperm duct. Scales: (A and B) 2 mm; (C and D) 500 pm.

Full-size K&] DOT: 10.7717/peerj.10098/fig-6
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Figure 7 Amaga expatria, map of the mitochondrial genome. The mitogenome is 14,962 bp long and
contains 12 protein coding genes, two ribosomal RNA genes and 22 transfer RNA genes. For three genes,
atp6, cox2 and ND3, it was not possible to determine the start codon.

Full-size Kal DOL: 10.7717/peerj.10098/fig-7

Maps (Figs. 1 and 2) show that the species is widely spread in both Martinique and
Guadeloupe. In Guadeloupe, most records were from Basse Terre and a single record
(Sainte-Anne) was from Grande Terre, and in Martinique, most records were from the
North of the island, with only one in the South, in Sainte-Luce. This suggests that the
species is more abundant in, but not exclusive to, the parts of the islands with higher
rainfalls (Basse Terre in Guadeloupe and the North in Martinique).

Anatomy and morphology

The copulatory apparatus of the Martinique specimen (Fig. 6) is essentially the same as the
type specimen of A. expatria from Bermuda (NHMUK.2002.10.16.1). The afferent male
ducts have a similar structure, with two sperm ducts discharging into a ventro-dorsal
duct which in turn opens into the ejaculatory duct and blunt penis via a sinuous duct.

Justine et al. (2020), PeerdJ, DOI 10.7717/peerj.10098 1117
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Figure 8 Maximum likelihood tree of mitogenome proteins. Mitogenome proteins were obtained
from concatenated amino-acid sequences of all mitochondrial protein coding genes of Amaga expatria
and other Platyhelminthes obtained using the MtArt model of evolution after 100 bootstrap replications.
The tree with the best likelihood is shown (-62178.796969).

Full-size K&l DOT: 10.7717/peerj.10098/fig-8

The duct wall is thickened in the same position about half way between the vertical
duct and penis. We are confident of the identification of the Martinique specimen
(MNHN JL146) as A. expatria. Given this and the similarity of the external characteristics
of the specimens from Martinique, Guadeloupe and Bermuda, we are confident that all
specimens are A. expatria.

Diet
Analysis of prey DNA is an efficient method to determine the diet of land planarians
(Cuevas-Caballé, Riutort ¢ Alvarez-Presas, 2019). All BLAST analyses of the contaminant
DNA in a specimen of A. expatria identified it as belonging to the Gastropoda, and
it is likely that the prey was a specimen of Subulina octona, or a closely related species.
Subulina octona is a tropical terrestrial snail, with a cosmopolitan distribution; this mollusc
is indeed present in Martinique where it is considered recently introduced (Anonymous,
2020).

The original description of A. expatria included no direct observation about the diet,
but Jones e Sterrer (2005), on the basis of the presence of a plicate pharynx, wrote “it
is likely that earthworms are the sole or principal prey of A. expatria”. The observations
by Frangois Meurgey (predation on snails of the genera Helicina, Pleurodonte and
earthworms) and Laurent Charles (predation on Helicina platychila) reported here, and
the finding of the sequence of a terrestrial mollusc in the gut, indicate a generalist diet,
including both molluscs and earthworms. This diet might be one of the reasons of the
success of the species to invade various islands in the Caribbean.
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Molecular barcoding

One specimen from Martinique was characterised for morphology, histology, and
barcoding and thus represents the first attempt at a molecular characterization of the
species. Specimens from Martinique and Guadeloupe provided identical sequences,
therefore unequivocally demonstrating that the same species is present on both islands,
and, from morphology and anatomy, is A. expatria. The absence of genetic divergence
between our sequenced specimens suggests that the species was recently introduced

into the two islands from a single population. The COI sequence closest to A. expatria
found by BLAST was O. nungara, with a significant difference of 12%. This suggests that
the COI sequences can be used for barcoding A. expatria, but this should be validated
in the future by a comparative study with sequences of other species of Amaga, which are
currently not available.

Mitochondrial genome and multigene phylogeny

In the maximum likelihood multigene phylogeny, the clade including A. expatria and
O. nungara has a strong node support of 100, which is congruent with their position
in the same Geoplaninae sub-family (Fig. 8). It clearly discriminates them from the
Bipaliinae B. kewense, the Caenoplaninae Pa. ventrolineata and the Rhynchodeminae
PL. manokwari.

Among the features conserved between the mitogenomes of A. expatria and O. nungara,
we would like to emphasize the conserved absence of canonical start codons for the
three genes atp6, cox2 and ND3. Instead, the first amino-acids evidenced from the putative
proteins are always a leucine. This leucine is always coded by a TTG codon, except for
A. expatria where it is replaced by TTA. While no such thing has been evidenced
among the recently sequenced mitogenomes of B. kewense, Pl. manokwari and Pa.
ventrolineata (Gastineau ¢ Justine, 2020; Gastineau et al., 2019, 2020), similar features
have also been observed among several Dugesiidae such as Dugesia japonica AB618487,
Dugesia ryukyuensis AB618488 (both in Sakai & Sakaizumi (2012)), Girardia sp.
KP090061 and Schmidtea mediterranea NC_022448 and KM821047 (both in Ross et al.,
2016). The possibility that TTG could act as an alternative start codon was already
suggested by Ross ef al. (2016). Based on our data, we may suggest that TTA could also be
considered. Addressing properly this question might require N-terminal sequencing of
these proteins.

We note that Amaga and Obama belong to the subfamily Geoplaninae, whereas
Platydemus and Parakontikia are members of the Rhynchodeminae and Bipalium is a
member of the Bipaliinae. This possible variation of the genetic code could thus be limited
to a single subfamily within the Geoplanidae, the Geoplaninae.

CONCLUSION

Our study shows that a relatively large land flatworm species is common in two islands
of the Caribbean, and, with 20 new records, adds ten times the previous number of records
of the species, which were from a single location, Bermuda, an island located in the
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Northeast Atlantic Ocean. Jones ¢ Sterrer (2005) hypothesized that the species originated
from continental South America and was recently introduced in the Bermuda. Our genetic
results show that COI sequences from Martinique and Guadeloupe were identical and
thus suggest that the introduction is recent in these islands. It remains that the locality
of origin of the species in South America is still unknown. The species preys on molluscs
and earthworms and might be a threat to the biodiversity of soil animals, especially
molluscs which include endemic and rare species in the Caribbean islands (Delannoye
et al., 2015). However, no proliferation was recorded and the threat may be minor,

but it might also be that A. expatria is only in the first stages of invasion and that it will
become an invading species in the future; similarly, recent observations have shown
that the highly invasive species Platydemus manokwari is now invading Guadeloupe
(Justine & Winsor, 2020). The presence of A. expatria in two islands of the Caribbean
suggests that it might be present in other islands, and perhaps in continental North
America.

ACKNOWLEDGEMENTS

A complete French translation of the article is available as a Supplemental File / Une
traduction francaise intégrale de l'article est disponible comme fichier supplémentaire:
Le Plathelminthe terrestre Amaga expatria (Geoplanidae) en Guadeloupe et Martinique:
nouveaux signalements et caractérisation moléculaire, dont le mitogénome complet.
We are grateful to all non-professionals and professionals who provided records and
specimens; they are listed in Table 1. All individuals listed in Table 1 kindly agreed to
have their photographs published in this paper. Fran¢ois Meurgey and Laurent Charles
kindly communicated some field observations; Laurent Charles provided information
about the status of Subulina octona; they both agreed to have their information
communicated here. Leigh Winsor (James Cook University, Australia) kindly helped in
identifying specimens on photograph at early stages of this work.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by an “Action Thématique du Muséum—ATM?” grant from
the Muséum National d’Histoire Naturelle, Paris, France. The funders had no role in
study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Muséum National d’Histoire Naturelle, Paris, France.

Competing Interests
Jean-Lou Justine is an Academic Editor for Peer].

Justine et al. (2020), Peerd, DOI 10.7717/peerj.10098 14/17


http://dx.doi.org/10.7717/peerj.10098/supp-4
http://dx.doi.org/10.7717/peerj.10098
https://peerj.com/

Peer/

Author Contributions

e Jean-Lou Justine conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
paper, and approved the final draft.

e Delphine Gey conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
paper, and approved the final draft.

o Jessica Thévenot analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the paper, and approved the final draft.

e Romain Gastineau conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
paper, and approved the final draft.

e Hugh D. Jones conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
paper, and approved the final draft.

DNA Deposition

The following information was supplied regarding the deposition of DNA sequences:
All new sequences are available at GenBank: MT602619-MT602626, MT527191,

MT860713 and MT860719.

Data Availability
The following information was supplied regarding data availability:

All data are available in the Supplemental Files and from GenBank:
MT602619-MT602626. The complete mitogenome is available at GenBank: MT527191.
SSU and LSU partial sequences are available at GenBank: MT860713 and MT860719.

All specimens have been deposited in the official collection of the Muséum National
d’Histoire Naturelle (MNHN), Paris, France, under registration numbers MNHN JL146,
MNHN JL216, MNHN JL217, MNHN JL262, MNHN JL289, MNHN JL305, MNHN
JL310 and MNHN JL319.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.10098#supplemental-information.

REFERENCES

Alvarez-Presas M, Carbayo F, Rozas J, Riutort M. 2011. Land planarians (Platyhelminthes) as a
model organism for fine-scale phylogeographic studies: understanding patterns of biodiversity
in the Brazilian Atlantic forest hotspot. Journal of Evolutionary Biology 24(4):887-896
DOI 10.1111/j.1420-9101.2010.02220.x.

Abascal F, Posada D, Zardoya R. 2007. MtArt: a new model of amino acid replacement for
Arthropoda. Molecular Biology and Evolution 24(1):1-5 DOI 10.1093/molbev/msl136.

Justine et al. (2020), PeerdJ, DOI 10.7717/peerj.10098 15117


http://www.ncbi.nlm.nih.gov/nuccore/MT602619
http://www.ncbi.nlm.nih.gov/nuccore/MT602626
http://www.ncbi.nlm.nih.gov/nuccore/MT527191
http://www.ncbi.nlm.nih.gov/nuccore/MT860713
http://www.ncbi.nlm.nih.gov/nuccore/MT860719
http://dx.doi.org/10.7717/peerj.10098#supplemental-information
http://www.ncbi.nlm.nih.gov/nuccore/MT602619
http://www.ncbi.nlm.nih.gov/nuccore/MT602626
http://www.ncbi.nlm.nih.gov/nuccore/MT527191
http://www.ncbi.nlm.nih.gov/nuccore/MT860713
http://www.ncbi.nlm.nih.gov/nuccore/MT860719
http://dx.doi.org/10.7717/peerj.10098#supplemental-information
http://dx.doi.org/10.7717/peerj.10098#supplemental-information
http://dx.doi.org/10.1111/j.1420-9101.2010.02220.x
http://dx.doi.org/10.1093/molbev/msl136
http://dx.doi.org/10.7717/peerj.10098
https://peerj.com/

Peer/

Anonymous. 2020. La Liste rouge des espéces menacées en France. Faune de Martinique. Comité
frangais de 'UICN, OFB & MNHN. Available at https://inpn.mnhn.fr/docs/LR_FCE/Fascicule_
liste_rouge_faune_martinique_2020_04_vf.pdf (accessed 14 May 2020).

Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS, Lesin VM,
Nikolenko SI, Pham S, Prjibelski AD. 2012. SPAdes: a new genome assembly algorithm and its
applications to single-cell sequencing. Journal of Computational Biology 19(5):455-477
DOI 10.1089/cmb.2012.0021.

Bernt M, Donath A, Jiihling F, Externbrink F, Florentz C, Fritzsch G, Piitz J, Middendorf M,
Stadler PF. 2013. MITOS: improved de novo metazoan mitochondrial genome annotation.
Molecular Phylogenetics and Evolution 69(2):313-319 DOI 10.1016/j.ympev.2012.08.023.

Bowles J, Blair D, McManus DP. 1995. A molecular phylogeny of the human schistosomes.
Molecular Phylogenetics and Evolution 4(2):103-109 DOI 10.1006/mpev.1995.1011.

Carbayo F, Alvarez-Presas M, Jones HD, Riutort M. 2016. The true identity of Obama
(Platyhelminthes: Geoplanidae) flatworm spreading across Europe. Zoological Journal of the
Linnean Society 177(1):5-28 DOI 10.1111/20j.12358.

Cuevas-Caballé C, Riutort M, Alvarez-Presas M. 2019. Diet assessment of two land planarian
species using high-throughput sequencing data. Scientific Reports 9(1):8679
DOI 10.1038/s41598-019-44952-3.

Delannoye R, Charles L, Pointier J-P, Massemin D. 2015. Mollusques continentaux de la
Martinique. Paris: Muséum national d’Histoire naturelle.

Gastineau R, Justine J-L. 2020. Complete mitogenome of the invasive land flatworm Parakontikia
ventrolineata, the second Geoplanidae (Platyhelminthes) to display an unusually long cox2 gene.
Mitochondrial DNA Part B 5(3):2115-2116 DOI 10.1080/23802359.2020.1765709.

Gastineau R, Justine J-L, Lemieux C, Turmel M, Witkowski A. 2019. Complete mitogenome of
the giant invasive hammerhead flatworm Bipalium kewense. Mitochondrial DNA Part B
4(1):1343-1344 DOI 10.1080/23802359.2019.1596768.

Gastineau R, Lemieux C, Turmel M, Justine J-L. 2020. Complete mitogenome of the invasive land
flatworm Platydemus manokwari. Mitochondrial DNA Part B 5(2):1689-1690
DOI 10.1080/23802359.2020.1748532.

Gordon D, Abajian C, Green P. 1998. Consed: a graphical tool for sequence finishing.
Genome Research 8(3):195-202 DOI 10.1101/gr.8.3.195.

Grau JH, Sluys R, Froehlich EM, Carbayo F. 2012. Reflections on the genus Amaga Ogren and
Kawakatsu 1990, and description of a new genus of land planarian (Platyhelminthes: Tricladida:
Geoplanidae). Journal of Natural History 46(25-26):1529-1546
DOI 10.1080/00222933.2012.691996.

Jones HD, Sterrer W. 2005. Terrestrial planarians (Platyhelminthes, with three new species) and
nemertines of Bermuda. Zootaxa 1001(1):31-58 DOI 10.11646/zootaxa.1001.1.3.

Justine J-L. 2019. Plathelminthes terrestres invasifs—Blog (in French). Available at
https://sites.google.com/site/jljjustine/plathelminthe-terrestre-invasif.

Justine J-L, Lemarcis T, Gerlach J, Winsor L. 2018a. First report of the land planarian
Endeavouria septemlineata (Hyman, 1939) (Platyhelminthes, Tricladida, Continenticola,
Geoplanidae) in French Polynesia. Zootaxa 4450(2):297-300 DOI 10.11646/zootaxa.4450.2.10.

Justine JL, Winsor L. 2020. First record of presence of the invasive land flatworm Platydemus
manokwari (Platyhelminthes, Geoplanidae) in Guadeloupe. Preprints 2020:2020050023
DOI 10.20944/preprints202005.0023.v1.

Justine J-L, Winsor L, Barriére P, Fanai C, Gey D, Han AWK, La Quay-Velazquez G,

Lee BPY-H, Lefevre J-M, Meyer J-Y, Philippart D, Robinson DG, Thévenot J, Tsatsia F. 2015.

Justine et al. (2020), PeerdJ, DOI 10.7717/peerj.10098 16/17


https://inpn.mnhn.fr/docs/LR_FCE/Fascicule_liste_rouge_faune_martinique_2020_04_vf.pdf
https://inpn.mnhn.fr/docs/LR_FCE/Fascicule_liste_rouge_faune_martinique_2020_04_vf.pdf
http://dx.doi.org/10.1089/cmb.2012.0021
http://dx.doi.org/10.1016/j.ympev.2012.08.023
http://dx.doi.org/10.1006/mpev.1995.1011
http://dx.doi.org/10.1111/zoj.12358
http://dx.doi.org/10.1038/s41598-019-44952-3
http://dx.doi.org/10.1080/23802359.2020.1765709
http://dx.doi.org/10.1080/23802359.2019.1596768
http://dx.doi.org/10.1080/23802359.2020.1748532
http://dx.doi.org/10.1101/gr.8.3.195
http://dx.doi.org/10.1080/00222933.2012.691996
http://dx.doi.org/10.11646/zootaxa.1001.1.3
https://sites.google.com/site/jljjustine/plathelminthe-terrestre-invasif
http://dx.doi.org/10.11646/zootaxa.4450.2.10
http://dx.doi.org/10.20944/preprints202005.0023.v1
http://dx.doi.org/10.7717/peerj.10098
https://peerj.com/

Peer/

The invasive land planarian Platydemus manokwari (Platyhelminthes, Geoplanidae): records
from six new localities, including the first in the USA. Peer] 3(674):e1037
DOI 10.7717/peerj.1037.

Justine J-L, Winsor L, Gey D, Gros P, Thévenot J. 2014. The invasive New Guinea flatworm
Platydemus manokwari in France, the first record for Europe: time for action is now. Peer]
2(1890):297 DOI 10.7717/peer;j.297.

Justine J-L, Winsor L, Gey D, Gros P, Thévenot J. 2018. Giant worms chez moi! Hammerhead
flatworms (Platyhelminthes, Geoplanidae, Bipalium spp., Diversibipalium spp.) in metropolitan
France and overseas French territories. Peer] 6(4):e4672 DOI 10.7717/peerj.4672.

Justine J-L, Winsor L, Gey D, Gros P, Thévenot J. 2020. Obama chez moi! The invasion of
metropolitan France by the land planarian Obama nungara (Platyhelminthes, Geoplanidae).
Peer] 8(4):e8385 DOI 10.7717/peerj.8385.

Katoh K, Standley DM. 2013. MAFFT multiple sequence alignment software version 7:
improvements in performance and usability. Molecular Biology and Evolution 30(4):772-780
DOI 10.1093/molbev/mst010.

Kumar S, Stecher G, Tamura K. 2016. MEGA7: molecular evolutionary genetics analysis version
7.0 for bigger datasets. Molecular Biology and Evolution 33(7):1870-1874
DOI 10.1093/molbev/msw054.

Littlewood DT]J, Rohde K, Clough KA. 1997. Parasite speciation within or between host
species?—phylogenetic evidence from site-specific polystome monogeneans.
International Journal for Parasitology 27(11):1289-1297 DOI 10.1016/S0020-7519(97)00086-6.

Lohse M, Drechsel O, Kahlau S, Bock R. 2013. OrganellarGenomeDRAW —a suite of tools for
generating physical maps of plastid and mitochondrial genomes and visualizing expression data
sets. Nucleic Acids Research 41(W1):W575-W581 DOI 10.1093/nar/gkt289.

Lowe TM, Chan PP. 2016. tRNAscan-SE On-line: integrating search and context for analysis of
transfer RNA genes. Nucleic Acids Research 44(W1):W54-W57 DOI 10.1093/nar/gkw413.
Lazaro EM, Sluys R, Pala M, Stocchino GA, Baguiia J, Riutort M. 2009. Molecular barcoding and
phylogeography of sexual and asexual freshwater planarians of the genus Dugesia in the Western

Mediterranean (Platyhelminthes, Tricladida, Dugesiidae). Molecular Phylogenetics and
Evolution 52(3):835-845 DOI 10.1016/j.ympev.2009.04.022.

Mateos E, Tud6 A, Alvarez-Presas M, Riutort M. 2013. Planaries terrestres exotiques a la
Garrotxa. Annals de la Delegacié de la Garrotxa de la Institucié Catalana d’Historia Natural
6:67-73.

Ogren RE, Kawakatsu M. 1990. Index to the species of the family Geoplanidae (Turbellaria,
Tricladida, Terricola)—part I: Geoplaninae. Bulletin of Fuji Women’s College 28:79-166.

Ross E, Blair D, Guerrero-Hernandez C, Alvarado AS. 2016. Comparative and transcriptome
analyses uncover key aspects of coding-and long noncoding RNAs in flatworm mitochondrial
genomes. G3: Genes, Genomes, Genetics 6:1191-1200 DOI 10.1534/g3.116.028175.

Sakai M, Sakaizumi M. 2012. The complete mitochondrial genome of Dugesia japonica
(Platyhelminthes; order Tricladida). Zoological Science 29(10):672-680 DOI 10.2108/zsj.29.672.

Sola E, Alvarez-Presas M, Frias-Lépez C, Littlewood DTJ, Rozas J, Riutort M. 2015.
Evolutionary analysis of mitogenomes from parasitic and free-living flatworms. PLOS ONE
10(3):e0120081 DOI 10.1371/journal.pone.0120081.

Stamatakis A. 2014. RAXML version 8: a tool for phylogenetic analysis and post-analysis of large
phylogenies. Bioinformatics 30(9):1312-1313 DOI 10.1093/bioinformatics/btu033.

Justine et al. (2020), PeerdJ, DOI 10.7717/peerj.10098 1717


http://dx.doi.org/10.7717/peerj.1037
http://dx.doi.org/10.7717/peerj.297
http://dx.doi.org/10.7717/peerj.4672
http://dx.doi.org/10.7717/peerj.8385
http://dx.doi.org/10.1093/molbev/mst010
http://dx.doi.org/10.1093/molbev/msw054
http://dx.doi.org/10.1016/S0020-7519(97)00086-6
http://dx.doi.org/10.1093/nar/gkt289
http://dx.doi.org/10.1093/nar/gkw413
http://dx.doi.org/10.1016/j.ympev.2009.04.022
http://dx.doi.org/10.1534/g3.116.028175
http://dx.doi.org/10.2108/zsj.29.672
http://dx.doi.org/10.1371/journal.pone.0120081
http://dx.doi.org/10.1093/bioinformatics/btu033
http://dx.doi.org/10.7717/peerj.10098
https://peerj.com/

	The land flatworm Amaga expatria (Geoplanidae) in Guadeloupe and Martinique: new reports and molecular characterization including complete mitogenome ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	flink6
	References



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /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 /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /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 false
  /MonoImageDownsampleType /Average
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


