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Abstract

This study reports the first record of the biofouling mussel Mytella strigata (Hanley,
1843) in Beibu Gulf, China. Phylogenetic analysis based on the mitochondrial DNA
cytochrome ¢ oxidase gene sequences demonstrated a close relationship between
mussels in Chinese seas and those in Singapore, Venezuela, India, the USA, the
Philippines, Brazil, Colombia, Ecuador, and Trinidad. The results of multiple
species delimitations showed that the mussel was Mytella strigata. Analysis of the
haplotype network indicated that the American brackish water mussel may have
invaded China from Colombia or other Asian waters through ships docked in ports
or biofouling on the hulls. Mussels attach to oyster shells in large quantities. The
minimum shell length of mussels collected in Guangxi Province was 23.9 mm,
which exceeded the minimum length for sexual reproduction. The identification of
Mytella strigata in Beibu Gulf represents the sixth record of this species from the
Indo-Pacific region. In addition, the mussel was also found have invaded Fujian
Province. Alien marine species may cause many negative effects and have the
potential to harm the invaded ecosystems. Therefore, the distribution of this species
within Chinese waters and potential damage caused by this mussel to the ecosystem
and economy must be determined. The findings of this study will also provide a
reference for formulating management policies for invasive species.

Key words: invasive species, biofouling mussel, Chinese waters, haplotype network,
species delimitation

Introduction

Alien species are biological species that have never been distributed within
a local area but were subsequently directly or indirectly introduced by
humans. A suitable environment includes the absence of natural enemies,
and invasive organisms compete fiercely with local organisms through
rapid reproduction, thereby depriving endemic species of living space and
food resources and eventually excluding and eliminating competing local
species, which destroys the local ecological balance (Roy et al. 2014). With
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the acceleration of globalization, an increase in shipping, aquaculture, and
other activities has introduced species that were previously isolated for
hundreds of millions of years to various seas worldwide, thus increasing
the frequency of biological invasions (Walters et al. 2010). At present, more
than 84% of marine ecological regions (ecoregions) are threatened by
invasive species, and sharp declines in the biodiversity of various marine
ecosystems have been caused by biological invasions (Bax et al. 2003;
Molnar et al. 2008). China has a long coastline, numerous ports, a high
population density, and frequent human activities, which provide favorable
conditions for the introduction, colonization, and naturalization of many
invasive organisms (Song et al. 2015).

In marine, brackish, and freshwater ecosystems, sessile suspended
feeders, namely, bivalve mollusks, such as dreissenids and muytilids, are
considered the most important invasive organisms (Aldridge et al. 2008),
such as in Chinese Seas. For example, the notorious Mytilopsis sallei
(Récluz, 1849), which was previously native to the tropical waters of
Central America, invaded Fiji Island through the Panama Canal and then
successively invaded Japan, Taiwan, and Fujian Province. It has now
spread to most coastal areas of the South China Sea and has become the
main invasive species in offshore waters (Cai et al. 2014; Gaonkar et al.
2010; Tan and Morton 2006; Wong et al. 2011). Mytilus galloprovincialis
Lamarck, 1819 was successfully introduced into China, Japan, Australia,
North America, and South Africa from the Mediterranean Sea in the early
20th century through shipping or farming (Anderson et al. 2002; Branch
and Steffani 2004; Lee and Morton 1985; McDonald et al. 1991). Currently,
Mpytilus galloprovincialis is distributed along the coast of China, mainly in
the Yellow Sea and Bohai Sea.

Mpytella strigata (Hanley, 1843) is another notorious invasive biofouling
mussel, and it was reported to have invaded Taiwan (Huang et al. 2021).
The native distribution of these mussels includes the Atlantic coast of
South America and the Pacific coast of Central and South America from
Mexico to Ecuador (Boehs et al. 2004; Boudreaux and Walters 2006; Keen
1971; Szefer et al. 1998). It has been recorded as an invasive species in
Florida (Boudreaux and Walters 2006). In the Indo-Pacific, it has invaded
Luzon Island, the Philippines (Rice et al. 2016; Vallejo et al. 2017a), Johor
Strait, Singapore (Lim et al. 2018), the inner Gulf of Thailand (Sanpanich
and Wells 2019), brackish water in Cochin, India (Jayachandran et al.
2019) and the southwestern coast of Taiwan Island, China (Huang et al.
2021). Researchers have pointed out that Mytella strigata may harm local
ecological environments and economic shellfish farming. Due to the frequent
occurrence of biological invasions, alien species that have invaded or may
invade Chinese seas must be identified.

During a sampling trip to Guangxi Province in 2021, an unknown
mussel species attached to oysters was found, and it was also found in
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mangrove forests and mud flats near mangroves. Based on morphological
and molecular evidence, this mussel was identified as Mpytella strigata
(Hanley, 1843), which was previously reported to have invaded Taiwan
(Huang et al. 2021). The finding of this species on the coast of Guangxi
Province represents its sixth record from the Indo-Pacific region. The present
study aimed to report the invasion of Mytella strigata into the Beibu Gulf,
South China. We preliminarily analyzed the origin of the invasive population
based on the haplotype network. The findings of this study provide a

reference for formulating management policies for invasive species.

Materials and methods

Samples were collected from a seafood market in Guangxi Province, China,
as well as from the wild in October 2021. All specimens were stored in 75%
alcohol for morphological examination and molecular analysis. The shells
were observed under a Zeiss SteREO Discovery.V12 stereo microscope
(Zeiss, Wetzlar, Germany) and photos were taken using a Canon EOS6D
camera. Since Mytella strigata has double uniparental inheritance (Alves et
al. 2012; de Souza et al. 2015), we did not extract DNA from the gonad
tissue to avoid confusion. Genomic DNA was extracted from the foot of
the mussels using the DNeasy Blood & Tissue kit (QIAGEN, Germany)
according to the manufacturer’s instructions and frozen at —20 °C.

The mitochondrial DNA (mtDNA) cytochrome ¢ oxidase subunit I (COI)
region was amplified using universal primers LCO1490 and HCO2198
(Folmer et al. 1994). The PCR mix consisted of 12.5 puL of 2x Es
TagqMasterMix (Dye) (Cwbio, China), 1.0 uL of each primer (5.0 pM), and
2 pL crude DNA, and then water was added to a volume of 25 pL. The
amplification conditions consisted of an initial denaturation for 5 min at
95 °C, followed by 35 cycles of denaturation at 95 °C for 30 s, annealing at
46 °C for 30 s, and extension at 72 °C for 1 min, and a final extension at
72 °C for 10 min. Amplification products were detected using agarose gel
electrophoresis and sequenced by Sangon Biotech. The sequences were
uploaded and compared with the available sequences in GenBank using the
National Center for Biotechnology Information Basic Local Alignment
Search Tool (BLAST). All available Mytella strigata COI sequences were
retrieved from GenBank (Table 1, Figure 1). Two to five sequences from
each locality were randomly selected for the phylogenetic analysis. The
sequences of each region were aligned independently using MAFFT v.7
(Katoh and Standley 2013) with the G-INS-i and Q-INS-i algorithms for
the protein-coding and ribosomal regions. The best-fit evolutionary models
were selected using the Akaike information criterion, as implemented in
jModeltest2 (Darriba et al. 2012). Phylogenetic trees were constructed
based on the maximum likelihood (ML) and neighbor-joining (NJ) methods
using MEGA X with bootstrap values for 2000 replicates (Kumar et al. 2018).
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Table 1. Mytella strigata (= Mytella charruana) mt-COI sequences used to construct the TCS haplotype network.

GenBank Accession No. Location Abbreviation Reference

KX776480, KX499630 Philippines Phi Rice et al. (2016)
KP013759-KP013804, JQ685156-JQ685157, Brazil Bra Alves et al. (2012); Calazans et al.
MF075049-MF075069, MF075071-MF075072 (2017); de Souza et al. (2015)
MF075035-MF075048 Uruguay Uru Calazans et al. (2017)
EU917165-EU917175, MF075008—MF075034 Colombia Col Calazans et al. (2017); Gillis et al. (2009)
EU917142-EU917163 Ecuador Ecu Gillis et al. (2009)
11%1;2(7)4713?0-1\/[1:074963, (B0 (P SOE TN USA USA  Calazans et al. (2017); Gillis et al. (2009)
xﬁ;g%ﬁ:ﬁgég%zg: ﬁgég;g?;ﬁMNMSZ%’ India Ind Jayachandran et al. (2019)
MF075073-MF075107 Trinidad Trin Calazans et al. (2017)
MG736074-MG736082 Singapore Sin Lim et al. (2018)
8%131%8(1)_01\4194202’ (GBS IERR 0L IRE IR, Venezuela Ven Lodeiros et al. (2021)
MW020358, MW020361, MW020364 Taiwan ™ Huang et al. (2021)
0Q430715-0Q430719 Guangxi Prov. GX This study

180°W 90°W 0° '90°E 180°E

Figure 1. Distribution of Mytella strigata populations analyzed in this study.

Bayesian inference (BI) analysis was performed using MrBayes v.3.2.7, with
three parallel runs of five million generations each, sampling every 1000
generations, and burn-in set to 25% (Huelsenbeck et al. 2001).

Multiple species delimitation methods were performed to examine
whether this mussel is the same species as Mytella strigata from other
regions. COI data were analyzed using the program Automated Barcode
Gap Discovery (ABGD; Puillandre et al. 2012). Single gene trees were
analyzed by applying the Bayesian implementation of the Poisson Tree
Processes model (bPTP; Zhang et al. 2013) at the web server of the Heidelberg
Institute for Theoretical Studies, Germany (http://species.h-its.org/). The
general mixed Yule coalescent model (GMYC; Pons et al. 2006) was used
to determine the species of analyzed individuals according to ultrametric
time trees derived from single-locus data.

To infer the invasive path of mussels off the coast of China, a TCS
haplotype network was constructed based on the mtCOI sequences listed
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Figure 2. Shells of Mytella strigata collected along the coast of Guangxi, China, in 2021.
Photos by Yanan Yu.

in Table 1 (Clement et al. 2000). Identification of haplotypes, grouping of
individuals by population, and the generation of the file to be run in
Arlequin v.3.5.2.2 (Excoffier and Lischer 2010) were carried out using
DNASp v.6 (Rozas et al. 2003). Networks were constructed using PopART
v.1.7 (Leigh and Bryant 2015).

Results

Identification and description of the shell

The maximum shell length of mussels collected in Guangxi Province was
40.9 mm (Figures 2, 3A, B). The shells of this species are cuneiform, equivalve,
inequilateral, nutbrown, or black, and small individuals have bluish-brown
shells. The shell surfaces are coarse with conspicuous commarginal lines
that are coarser near to umbo. The dorsal margin is straight and slightly
curved, with a depressed umbo, whereas the ventral margin is slightly
concave but longer than the dorsal margin. The interior of the shell is dark
purple and glazed with a pitted resilial ridge below the ligamental channel
in the dorsal margin. Two strong lateral teeth are located near the umbo
area in the ventral margin. The anterior adductor scars are small and
inconspicuous, situated near the anteroventral margin, and the posterior
adductor scars are round, large, and continuous, with elongated pedal
retractor scars. The pallial sinus is a curved line towards the adductor scar,
which is a unique characteristic of Mpytella strigata compared to other
mussels. Based on this morphological identification, we confirmed that this
mussel was Mpytella strigata, which was previously reported to have
invaded Taiwan (Huang et al. 2021).

Yu et al. (2023), Biolnvasions Records 12(1): 196-207, https://doi.org/10.3391/bir.2023.12.1.16 200


https://doi.org/10.3391/bir.2023.12.1.16
https://www.invasivesnet.org

"WASW[SNH Mytella strigata identified in Beibu Gulf

Figure 3. Invasive mussel Mytella strigata observed in Jinhai Bay, Beihai, Guangxi Province
(A and B), and Tong’an Beach, Xiamen, Fujian Province (C and D). Photos by Mengling Liu
and Yi Liu.

According to the photos provided by Dr. Yi Liu, the mussel also occurred
in large quantities along the coast of Fujian Province (Figure 3C, D), at the
Yunxiao National Mangrove Reserve, and along the beaches of Xiamen.

Phylogenetic analysis of the COI sequences

The nucleotide BLAST results showed 99-100% similarity with the Mytella
strigata COI sequences recently reported from Singapore, India, and Taiwan.
Sequences from Perna viridis (Linnaeus, 1758) belonging to the family
Mytilidae were selected as an outgroup. The best-fitted evolutionary models
were selected as HKY+I using the Akaike information criterion implemented
in jModeltest2. The evolutionary relationship of the mussels was depicted
on a phylogenetic tree constructed using mtDNA COI sequences based on
the ML, NJ, and BI methods. All these trees showed very similar topologies
(Figure 4). All species delimitation results indicated that the mussel was
Mpytella strigata. Phylogenetic analysis demonstrated that all sequences of
Mpytella strigata clustered into two clades (Clade A and Clade B). Clade A
revealed a close relationship between mussels in Chinese seas, Singapore,
Venezuela, India, the USA, the Philippines, Brazil, Colombia, Ecuador, and
Trinidad. The largest genetic distance between all sequences of Mytella strigata
was 0.0757. The mean distance between clades A and B was 0.0695.

Haplotype patterns and network

A haplotype analysis of Mytella strigata was performed based on 279 COI
sequences from the USA, Brazil (Bra), Colombia (Col), Uruguay (Uru),
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GX1 Mytella strigata
GX4 Mytella strigata
TW7 MWO020358 Mpytella strigata
TW1 MWO020364 Mytella strigata
Ven3 OM194201 Mpytella strigata
Ven2 OM194202 Mpytella strigata
a
Q
]
<

Sin6 MG736074 Mytella strigata
Phi3 KX776480 Mytella strigata
GX5 Mpytella strigata
Coll EU917175 Mpytella strigata
GX2 Mytella strigata
Ind2 MN165296 Mytella strigata
Ind3 MN165295 Mytella strigata

0.99/79/58| | Sin7 MG736075 Mpytella strigata ﬂ:;
TW4 MWO020361 Mytella strigata =
GX3 Mytella strigata =
Phi4 KX499630 Mytella strigata O
4 Col-2 EU917174 Mpytella strigata
Bra3 KP013802 Mytella strigata
Bra52 MF075127 Mytella strigata
USA2 EU917180 Mytella strigata
Trinl MFO075107 Mpytella strigata
Trin3 MFO075105 Mpytella strigata
0.62/99/99 USA1 FJ940721 Mytella strigata
Ecul EU917163 Mytella strigata
Ecu2 EU917162 Mpytella strigata
Urul MF075048 Mytella strigata
Uru2 MF075047 Mytella strigata
Bral5 KP013790 Mytella strigata
Bral2 KPO013793 Mytella strigata g
0.77/100/99| Bra22 KP013783 Mpytella strigata =
| : Bra25 KP013780 Mytella strigata =
Trinl0 MF075098 Mytella strigata O
Trin12 MF075096 Mpytella strigata
0.64/100/100 — seq8 Perna viridis

seq6 Perna viridis
seq7 Perna viridis

bPTP [N
GMYC [

Figure 4. Phylogenic tree based on the mt-COI gene showing the phylogenetic relationship
between Mytella strigata samples and the outgroup Perna viridis. Bayesian posterior probability,
maximum likelihood, and neighbor joining bootstrap scores (left, middle, and right, respectively)
are shown above the branch. The results of three species delimitation methods are shown on the
right of figure (each gray rectangle represents one species).

()
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Figure 5. TCS haplotype network constructed using mt-COI sequences shows the relationship between natural and introduced
Mpytella strigata populations in the world. The lengths of the lines connecting the circles are not drawn to scale. The overall
frequency of each unique haplotype used in the analysis is indicated by the size of the circle. The colors of the circles indicate the
areas in which the haplotypes were present (consistent with the colors in Figure 3), while the black circles indicate inferred or
missing haplotypes.

Ecuador (Ecu), Trinidad (Trin), Venezuela (Ven), the Philippines (Phi),
India (Ind), Singapore (Sin), Taiwan (TW) and Guangxi Province (GX)
(Table 1, Figure 1). All sequences were divided into 12 groups according to
their geographical distribution (Table 1). A total of 72 distinct mt-COI
haplotypes (Hap_1-Hap_72, N = 74) were identified. The TCS haplotype
network indicated that all haplotypes clustered into two haplogroups
(Figure 5). The grouping of haplotypes was consistent with the phylogenetic
tree clades. Haplogroup A contained Brazilian, Trinidadian, and Uruguayan
individuals, and haplogroup B contained all geographic regions, except for
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Uruguay. Haplogroup A was separated from haplogroup B by the presence
of 19 mutations. In addition, the Brazilian population had high genetic
diversity, with 41 haplotypes. The GX haplotypes occurred in Hap_1,
Hap_48, and Hap_50. Among them, GX shared three haplotypes with Col
(Hap_1, Hap_48, Hap_50), two haplotypes with TW, Sin, Ind, Ven (Hap_1,
Hap_50), and USA (Hap_1, Hap_48), and one haplotype with Phi (Hap_1).
Each of the three shared haplotypes was separated by a single mutation.

Discussion

The curved pallial line can be used as a unique feature for distinguishing
Mpytella strigata from other mussel species (Mediodia et al. 2017). After
morphological identification and species delimitation, we confirmed that
this mussel was the invasive species Mytella strigata. Stenyakina et al.
(2010) performed analyses of gonad morphology, gametogenesis, and sex
ratios and found that Mytella strigata could be reproductively mature even
at 12.5 mm in length. The minimum shell length of mussels collected in
Beibu Gulf was 23.9 mm, which exceeded the minimum length of sexually
reproductive individuals. This suggests that the population of Mytella strigata
is fully established and already reproducing in China. This is not surprising
because the regions around Chinese seas have a long coastline, numerous
ports, high population density, and frequent human activities, thus providing
tavorable conditions for the introduction, colonization, and naturalization
of invasive organisms (Song et al. 2015).

Mussels are native to both the Pacific and Atlantic coasts of tropical
America (Keen 1971). The invasive nature of this species outside its native
range was first reported in 1986 when a large population of Mytella strigata
was observed inside seawater intake pipes at a power plant in Florida
(Harry 1987). Since then, Mytella strigata has been reported to have
gradually invaded the United States, the Philippines, Singapore, India,
Thailand, and Taiwan (Fabiosa et al. 2021; Huang et al. 2021; Jayachandran
et al. 2019; Lim et al. 2018; Sanpanich and Wells 2019; Vallejo et al. 2017b).
Calazans et al. (2017) showed that all matrilinear haplotypes from invasive
populations in the southeastern USA were attributable to Colombian
haplotypes. In addition, a haplotype network analysis between populations
suggested that mussels in the Philippines and Singapore originated from
the Caribbean coast of South America (Lim et al. 2018; Rice et al. 2016). In
this study, GX shared haplotypes with all Asian populations (Figure 5),
thus revealing frequent genetic exchange between populations in the Indo-
Pacific region. The haplotype network showed that all GX haplotypes were
shared with Col. According to the TCS haplotype network, we inferred that
Mpytella strigata might have invaded China from Colombian or other Asian
waters. In addition, the phylogenetic tree and haplotype network showed
that Mytella strigata could be clustered into two groups, which may be due
to genetic divergence caused by distance isolation.
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Why does Mytella strigata invade other seas so frequently and rapidly?
Oliveira et al. (2005) suggested that Mytella strigata has a planktonic larval
stage that remains in the water column for 10-15 days before settlement,
thus allowing for a high level of dispersal ability. Mussels can tolerate a
wide range of salinities between 2 and 40 psu and have the capacity to
invade a wide variety of saline environments with significant freshwater or
marine input (Rice et al. 2016). In addition, this species can withstand
long-distance travel in ballast water (Yip et al. 2021). Undoubtedly, these
traits have enabled this mussel to become an important invasive species in
several regions of the world. Lim et al. (2018) suggested that the invasion of
Mpytella strigata into Singapore was mediated by ballast water discharge
from ships or biofouling on the hulls of shipping boats. These characteristics
allow Mpytella strigata to invade other areas frequently and rapidly. In
addition, Beibu Bay is well developed for maritime applications, which
provide convenient conditions for species invasion. Thus, we inferred that
Mpytella strigata invaded the Chinese coast through ships docked in ports
or biofouling on the hulls. Unfortunately, direct identification of the
pathways and frequencies of invasion would require detailed and frequent
examinations of ballast water and ship hulls, which are difficult to sample
adequately, even under optimal circumstances (Wong et al. 2011).

In most cases, marine alien species may cause many negative effects and
have the potential to harm local ecosystems because these alien species
compete with native organisms and disrupt the ecological balance of the
associated water bodies. Moreover, invasive organisms interbreed with
indigenous organisms, resulting in genetic contamination, their mass
reproduction affects fishery production and causes biofouling or corrosion,
and they may introduce pathogenic microorganisms (Molnar et al. 2008;
Xu et al. 2006; Zhang et al. 2020). Although Mytella strigata is sold in
Thailand and has been trialed as a potential food source for rock lobsters
(Sanpanich and Wells 2019), it currently has no economic benefit in most
countries. During sampling, we found that mussels were attached to oyster
shells in large quantities. This indicated that Mytella strigata could exert a
negative impact on oyster farming. In addition, mussels were also found to
occur in large quantities along the coast of Fujian Province (Figure 2), at
the Yunxiao National Mangrove Reserve, and on the beaches of Xiamen.
Therefore, the distribution of this species within Chinese waters must be
determined and whether it has caused damage to the ecosystem and
economy should be studied. The correct identification of invasive species is
the first step for mitigating the associated ecological and economic damage
(Huang et al. 2021). The findings of this study provide a reference for
formulating management policies for invasive species. Furthermore, the
frequent occurrence of biological invasions necessitates the formulation of

monitoring, surveillance, and impact mitigation measures.

Yu et al. (2023), Biolnvasions Records 12(1): 196-207, https://doi.org/10.3391/bir.2023.12.1.16 204


https://doi.org/10.3391/bir.2023.12.1.16
https://www.invasivesnet.org

)

&

INVASIVESNET

Mytella strigata identified in Beibu Gulf

Acknowledgements

We are grateful to Mr. Yi Liu of the Putian Green Sprout Coastal Wetlands Research Center,
for providing ecological photographs and relevant information on invasive species in Fujian
Province. We also would like to thank all the anonymous reviewers of this manuscript.

Funding declaration

This work was supported by International Science Partnership Program of the Chinese
Academy of Sciences (133137KYSB20200002) and the Strategic Priority Research Program of
the Chinese Academy of Sciences (XDB42000000).

Author’s contribution

Junlong Zhang: research conceptualization, funding provision, writing — review and editing;
Yanan Yu: sample design and methodology, data analysis and interpretation, writing — original
draft, review, and editing; Qi Gao: morphological study, writing — original draft; Mengling Liu:
sample collection, morphological study, writing — original draft; Jingqi Li: molecular
experiments; Shuo Wang: writing — review and editing. All authors contributed critically to the
drafts and gave final approval for publication.

References

Aldridge DC, Salazar M, Serna A, Cock J (2008) Density-dependent effects of a new invasive
false mussel, Mytilopsis trautwineana (Tryon 1866), on shrimp, Litopenaeus vannamei
(Boone 1931), aquaculture in Colombia. Agquaculture 281: 34—42, hitps://doi.org/10.1016/
j-aquaculture.2008.05.022

Alves F, Beasley C, Hoeh W, Rocha R, Simone L, Tagliaro C (2012) Detection of mitochondrial
DNA heteroplasmy suggests a doubly uniparental inheritance pattern in the mussel Mytella
charruana. Revista Brasileira de Biociéncias 10(2): 176—185

Anderson AS, Bilodeau AL, Gilg M, Hilbish TJ (2002) Routes of introduction of the Mediterranean
mussel (Mytilus galloprovincialis) to Puget Sound and Hood Canal. Journal of Shellfish
Research 21: 75-79

Bax N, Williamson A, Aguero M, Gonzalez E, Geeves W (2003) Marine invasive alien species:
a threat to global biodiversity. Marine Policy 27: 313-323, https://doi.org/10.1016/S0308-
597X(03)00041-1

Boehs G, Absher TM, Cruz-Kaled A (2004) Composition and distribution of benthic molluscs
on intertidal flats of Paranagua Bay (Parana, Brazil). Scientia Marina 68: 537-543,
https://doi.org/10.3989/scimar.2004.68n4537

Boudreaux ML, Walters L (2006) Mytella charruana (Bivalvia: Mytilidae): A new, invasive
bivalve in Mosquito Lagoon, Florida. Nautilus 120(1): 34-36

Branch G, Steffani C (2004) Can we predict the effects of alien species? A case-history of the
invasion of South Africa by Mytilus galloprovincialis (Lamarck). Journal of Experimental
Marine Biology and Ecology 300: 189215, https://doi.org/10.1016/j.jembe.2003.12.007

Cai LZ, Hwang JS, Dahms HU, Fu SJ, Zhuo Y, Guo T (2014) Effect of the invasive bivalve
Mpytilopsis sallei on the macrofaunal fouling community and the environment of Yundang
Lagoon, Xiamen, China. Hydrobiologia 741: 101-111, https://doi.org/10.1007/s10750-014-2012-4

Calazans CS, Walters LJ, Fernandes FC, Ferreira CEL, Hoffman EA (2017) Genetic structure
provides insights into the geographic origins and temporal change in the invasive charru
mussel (Sururu) in the southeastern United States. PLoS ONE 12: e0180619, https:/doi.org/
10.1371/journal.pone.0180619

Clement M, Posada D, Crandall KA (2000) TCS: a computer program to estimate gene
genealogies. Molecular Ecology 9: 1657-1659, https:/doi.org/10.1046/j.1365-294x.2000.01020.x

Darriba D, Taboada GL, Doallo R, Posada D (2012) jModelTest 2: more models, new heuristics
and parallel computing. Nature Methods 9: 772—772, https://doi.org/10.1038/nmeth.2109

de Souza TO, Alves FAdS, Beasley CR, de Simone LRL, Marques-Silva NdS, Santos-Neto
GdC, Tagliaro CH (2015) Population structure and identification of two matrilinear and one
patrilinear mitochondrial lineages in the mussel Mytella charruana. Estuarine, Coastal and
Shelf Science 156: 165—174, https://doi.org/10.1016/j.ecss.2014.11.009

Excoffier L, Lischer HE (2010) Arlequin suite ver 3.5: a new series of programs to perform
population genetics analyses under Linux and Windows. Molecular Ecology Resources 10:
564—567, https://doi.org/10.1111/j.1755-0998.2010.02847.x

Fabiosa M, Abao C, Fabiosa N, Uba KI (2021) First Record of the Invasive Mussel Mytella
strigata (Mollusca: Bivalvia: Mytilidae) in Panguil Bay, Southern Philippines. Journal of
Environment and Aquatic Resources 6: 3546, https://doi.org/10.4803 1/msunjear.2021.06.03

Yu et al. (2023), Biolnvasions Records 12(1): 196-207, https://doi.org/10.3391/bir.2023.12.1.16 205


https://doi.org/10.3391/bir.2023.12.1.16
https://www.invasivesnet.org
https://doi.org/10.1016/j.aquaculture.2008.05.022
https://doi.org/10.1016/j.aquaculture.2008.05.022
https://doi.org/10.1016/S0308-597X(03)00041-1
https://doi.org/10.1016/S0308-597X(03)00041-1
https://doi.org/10.3989/scimar.2004.68n4537
https://doi.org/10.1016/j.jembe.2003.12.007
https://doi.org/10.1007/s10750-014-2012-4
https://doi.org/10.1371/journal.pone.0180619
https://doi.org/10.1371/journal.pone.0180619
https://doi.org/10.1046/j.1365-294x.2000.01020.x
https://doi.org/10.1038/nmeth.2109
https://doi.org/10.1016/j.ecss.2014.11.009
https://doi.org/10.1111/j.1755-0998.2010.02847.x
https://doi.org/10.48031/msunjear.2021.06.03

7)

&

INVASIVESNET

Mytella strigata identified in Beibu Gulf

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R (1994) DNA primers for amplification of
mitochondrial cytochrome c oxidase subunit I from diverse metazoan invertebrates.
Molecular Marine Biology and Biotechnology 3(5): 294-299

Gaonkar C, Sawant S, Anil A, Krishnamurthy V, Harkantra S (2010) Changes in the occurrance
of hard substratum fauna: A case study from Mumbai harbour, India. Indian Journal of
Marine Sciences 39(1): 7484,

Gillis NK, Walters LJ, Fernandes FC, Hoffman EA (2009) Higher genetic diversity in
introduced than in native populations of the mussel Mytella charruana: evidence of
population admixture at introduction sites. Diversity and Distributions 15: 784795,
https://doi.org/10.1111/j.1472-4642.2009.00591.x

Harry GL (1987) Immigrant mussel settles in Northside generator. Shell-O-Gram 28: 7-9,
https://doi.org/10.1177/030639688702800402

Huang YC, Li ZK, Chen WL, Chan CC, Hsu HY, Lin YT, Huang YS, Han YS (2021) First
record of the invasive biofouling mussel Mytella strigata (Hanley, 1843) (Bivalvia:
Mytilidae) from clam ponds in Taiwan. Biolnvasions Records 10: 304-312, https:/doi.org/
10.3391/bir.2021.10.2.08

Huelsenbeck J, P J, Ronquist F, Fredrik (2001) MRBAYES: Bayesian inference of phylogenetic
trees. Bioinformatics 17: 754-755, https://doi.org/10.1093/bioinformatics/17.8.754

Jayachandran PR, Balakrishna Pillai A, Oliver G, Joseph H, M J, Harikrishnan K, Bijoy
Nandan S (2019) First record of an alien invasive biofouling mussel Mytella strigata
(Hanley, 1843) (Mollusca: Mytilidae) from Indian waters. Biolnvasions Records 8: 828-837,
https://doi.org/10.3391/bir.2019.8.4.11

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

Keen AM (1971) Sea shells of tropical west America; marine mollusks from Baja California to
Peru. Stanford University Press, Stanford, California, 1064 pp

Kumar S, Stecher G, Li M, Knyaz C, Tamura K (2018) MEGA X: Molecular Evolutionary
Genetics Analysis across Computing Platforms. Molecular Biology and Evolution 35:
1547-1549, https://doi.org/10.1093/molbev/msy096

Lee S, Morton B (1985) The introduction of the Mediterranean mussel (Mytilus galloprovincialis)
into Hong Kong. Malacolgical Review 18: 107-109

Leigh JW, Bryant D (2015) popart: full-feature software for haplotype network construction.
Methods in Ecology and Evolution 6: 1110-1116, https://doi.org/10.1111/2041-210X.12410

Lim JY, Tay TS, Lim CS, Lee SSC, Teo SLM, Tan KS (2018) Mytella strigata (Bivalvia:
Mytilidae): an alien mussel recently introduced to Singapore and spreading rapidly.
Molluscan Research 38: 170—186, https://doi.org/10.1080/13235818.2018.1423858

Lodeiros C, Hernandez-Reyes D, Salazar JM, Rey-Méndez M, Gonzalez-Henriquez NJLAJoAR
(2021) First report of the mussel Mytella strigata (Hanley, 1843) in the Venezuelan
Caribbean from an invasion in a shrimp farm. Latin American Journal of Aquatic Research
49: 531-537, https://doi.org/10.3856/vol49-issue3-fulltext-2626

McDonald JH, Seed R, Koehn RK (1991) Allozymes and morphometric characters of three
species of Mytilus in the Northern and Southern Hemispheres. Marine Biology 111: 323-333,
https://doi.org/10.1007/BF01319403

Mediodia D, Santander-de Leon SM, Afiasco N, Baylon C (2017) Shell Morphology and
Anatomy of the Philippine Charru Mussel Mytella charruana (d’Orbigny 1842). Asian
Fisheries Science 30: 185—194, https://doi.org/10.33997/j.af5.2017.30.3.004

Molnar J, Gamboa R, Revenga C, Spalding M (2008) Assessing the global threat of invasive
species to marine biodiversity. Frontiers in Ecology and The Environment 6: 485-492,
https://doi.org/10.1890/070064

Oliveira M, Russo C, Lazoski C, Vianna P, Solé-Cava A (2005) Genetic variation and population
structure of two species of neo-tropical mud-mussels (Mytella spp). Genetics and Molecular
Research 4(2): 197-202

Pons J, Barraclough T, Goémez-Zurita J, Cardoso A, Duran D, Hazell S, Kamoun S, Sumlin W,
Vogler A (2006) Sequence-Based Species Delimitation for the DNA Taxonomy of
Undescribed Insects. Systematic Biology 55: 595-609, https://doi.org/10.1080/10635150600852011

Puillandre N, Lambert A, Brouillet S, Achaz G (2012) ABGD, Automatic Barcode Gap
Discovery for primary species delimitation. Molecular Ecology 21: 1864-1877,
https://doi.org/10.1111/j.1365-294X.2011.05239.x

Rice M, Rawson P, Salinas A, Rosario W (2016) Identification and Salinity Tolerance of the
Western Hemisphere Mussel Mytella charruana (d’Orbigny, 1842) in the Philippines.
Journal of Shellfish Research 35: 865—873, https://doi.org/10.2983/035.035.0415

Roy HE, Peyton J, Aldridge DC, Bantock T, Blackburn TM, Britton R, Clark P, Cook E,
Dehnen-Schmutz K, Dines T, Dobson M, Edwards F, Harrower C, Harvey MC, Minchin D,
Noble DG, Parrott D, Pocock MJO, Preston CD, Roy S, Salisbury A, Schonrogge K, Sewell J,
Shaw RH, Stebbing P, Stewart AJA, Walker KJ (2014) Horizon scanning for invasive alien
species with the potential to threaten biodiversity in Great Britain. Global Change Biology
20: 38593871, https://doi.org/10.1111/gcb.12603

Yu et al. (2023), Biolnvasions Records 12(1): 196-207, https://doi.org/10.3391/bir.2023.12.1.16 206


https://doi.org/10.3391/bir.2023.12.1.16
https://www.invasivesnet.org
https://doi.org/10.1111/j.1472-4642.2009.00591.x
https://doi.org/10.1177/030639688702800402
https://doi.org/10.3391/bir.2021.10.2.08
https://doi.org/10.3391/bir.2021.10.2.08
https://doi.org/10.1093/bioinformatics/17.8.754
https://doi.org/10.3391/bir.2019.8.4.11
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1111/2041-210X.12410
https://doi.org/10.1080/13235818.2018.1423858
https://doi.org/10.3856/vol49-issue3-fulltext-2626
https://doi.org/10.1007/BF01319403
https://doi.org/10.33997/j.afs.2017.30.3.004
https://doi.org/10.1890/070064
https://doi.org/10.1080/10635150600852011
https://doi.org/10.1111/j.1365-294X.2011.05239.x
https://doi.org/10.2983/035.035.0415
https://doi.org/10.1111/gcb.12603

)

"WASW[SNH Mytella strigata identified in Beibu Gulf

Rozas J, Sanchez-DelBarrio JC, Messeguer X, Rozas R (2003) DnaSP, DNA polymorphism
analyses by the coalescent and other methods. Bioinformatics 19: 24962497, https://doi.org/
10.1093/bioinformatics/btg359

Sanpanich K, Wells F (2019) Mytella strigata (Hanley, 1843) emerging as an invasive marine
threat in Southeast Asia. Biolnvasions Records 8: 343-356, https://doi.org/10.3391/bir.2019.
8.2.16

Song JW, Dong YH, Hai-Tao LI, Zhao Y (2015) Invasive shellfish and their impacts on
Chinese coastal waters. Journal of Biosafety 24: 177-183, https:/doi.org/10.3969/j.issn.2095-
1787.2015.03.001

Stenyakina A, Walters LJ, Hoffman EA, Calestani C (2010) Food availability and sex reversal
in Mytella charruana, an introduced bivalve in the southeastern United States. Molecular
Reproduction and Development 77: 222-230, https://doi.org/10.1002/mrd.21132

Szefer P, Geldon J, Ali A, Péez-Osuna F, Ruiz-Fernandes AC, Guerrero-Galvan S (1998)
Distribution and association of trace metals in soft tissue and byssus of Mytella strigata and
other benthal organisms from Mazatlan Harbour, Mangrove Lagoon of the northwest coast
of Mexico. Environment International 24: 359-374, https:/doi.org/10.1016/S0160-4120(98)00014-2

Tan KS, Morton B (2006) The invasive Caribbean bivalve Mytilopsis sallei (Dreissenidae)
introduced to Singapore and Johor Bahru, Malaysia. Raffles Bulletin of Zoology 54(2): 429-434

Vallejo B, Conejar-Espedido J, Manubag L (2017a) The Ecology of an Incipient Marine
Biological Invasion: The Charru Mussel Mytella charruana d’Orbignyi, 1846 (Bivalvia:
Mytilidae) in Manila Bay, Luzon, Philippines. Philippine Journal of Science 146: 483-492,
https://doi.org/10.13140/RG.2.2.27270.06723

Vallejo B, Conejar-Espedido J, Manubag L, Carlo K, Artiaga C, Damatac Al, Christian I,
Imperial V, Tyrll A, Itong, Fontanilla IK, Cao E (2017b) First record of the Charru mussel
Mytella charruana d’Orbignyi, 1846 (Bivalvia: Mytilidae) from Manila Bay, Luzon,
Philippines. Bioinvasions Records 6: 4955, https:/doi.org/10.3391/bir.2017.6.1.08

Walters L, Yuan W, Hoffman E, Schneider K (2010) Explore the survival threshold: a study of
the salinity tolerance of the non-native mussel Mytella charruana. Journal of Shellfish
Research 29: 415-422, https://doi.org/10.2983/035.029.0218

Wong YT, Meier R, Tan KS (2011) High haplotype variability in established Asian populations
of the invasive Caribbean bivalve Mytilopsis sallei (Dreissenidae). Biological Invasions 13:
341-348, https://doi.org/10.1007/s10530-010-9825-5

Xu H, Ding H, Li M, Qiang S, Guo J, Han Z, Huang Z, Sun H, He S, Wu H, Wan F (2006) The
distribution and economic losses of alien species invasion to China. Biological Invasions 8:
1495-1500, https://doi.org/10.1007/s10530-005-5841-2

Yip ZT, Lim CS, Tay YC, Tan Y, Beng SC, Tun KPP, Teo SL-M, Huang D (2021) Environmental
DNA detection of the invasive mussel Mytella strigata as a surveillance tool. Management
of Biological Invasions 12: 578-598, https://doi.org/10.3391/mbi.2021.12.3.05

Zhang J, Kapli P, Pavlidis P, Stamatakis A (2013) A general species delimitation method with
applications to phylogenetic placements. Bioinformatics 29: 2869-2876, https:/doi.org/10.
1093/bioinformatics/btt499

Zhang W, Li R, Chen X, Wang C, Gu Z, Mu C, Song W, Zhan P, Huang J (2020) Molecular
identification reveals hybrids of Mytilus coruscus * Mytilus galloprovincialis in mussel
hatcheries of China. Aquaculture International 28: 85-93, https://doi.org/10.1007/s10499-019-
00445-8

Yu et al. (2023), Biolnvasions Records 12(1): 196-207, https://doi.org/10.3391/bir.2023.12.1.16 207


https://doi.org/10.3391/bir.2023.12.1.16
https://www.invasivesnet.org
https://doi.org/10.1093/bioinformatics/btg359
https://doi.org/10.1093/bioinformatics/btg359
https://doi.org/10.3391/bir.2019.8.2.16
https://doi.org/10.3391/bir.2019.8.2.16
https://doi.org/10.3969/j.issn.2095-1787.2015.03.001
https://doi.org/10.3969/j.issn.2095-1787.2015.03.001
https://doi.org/10.1002/mrd.21132
https://doi.org/10.1016/S0160-4120(98)00014-2
https://doi.org/10.13140/RG.2.2.27270.06723
https://doi.org/10.3391/bir.2017.6.1.08
https://doi.org/10.2983/035.029.0218
https://doi.org/10.1007/s10530-010-9825-5
https://doi.org/10.1007/s10530-005-5841-2
https://doi.org/10.3391/mbi.2021.12.3.05
https://doi.org/10.1093/bioinformatics/btt499
https://doi.org/10.1093/bioinformatics/btt499
https://doi.org/10.1007/s10499-019-00445-8
https://doi.org/10.1007/s10499-019-00445-8


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /RUS <>

    /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.)

  >>

  /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



