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ABSTRACT

Using samples from bycaught finless porpoises, cytochrome b sequences were analysed and phylogenetic trees were constructed. The aims were
to: (1) determine genetic divergences within the genus Neophocaena; (2) examine interspecific divergences between N. asiaeorientalis and N.
phocaenoides; and (3) examine intraspecific divergence between N.a. asiaeorientalis and N.a. sunameri. For this purpose, complete cytochrome b
sequences for 12 N.a. sunameri specimens, collected from fishery markets at Pohang in southeastern Korea, were obtained, and these sequences
were compared to the corresponding partial (402bp) and complete (1,140bp) sequences of Neophocaena, obtained from GenBank. From a maximum
likelihood tree with the partial sequences of the two Neophocaena species, two clades were detected, corresponding to the two species, with average
genetic distance of 1.64%, four fixed site differences (1.00%), and a Gst value of 0.64, although we did not examine the specimens from Southeast
Asia and contiguous South China Sea. Furthermore, from the complete sequences, we recognised a lack of genetic divergence between the two
subspecies of N. asiaeorientalis, with a Gst value of 0.06 and two pairs of identical sequences between them, indicating that our results do not
support current subspecies classification. Thus, we newly found that our cytochrome b sequencing results are useful for the examination of
interspecific and intraspecific divergences in Neohpocaena, although further genetic analyses with additional specimens of Neophocaena across its
distributional range are necessary to confirm the findings in this study.

KEYWORDS: GENETICS; TAXONOMY; BYCATCH; SEA OF JAPAN; ARABIAN SEA; INDIAN SEA; EAST CHINA SEA; NORTHERN
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introns (Ju et al., 2012). Although Li et al. (2011) obtained

cytochrome b sequences of N.a. sunameri from the Yellow

Sea, they did not perform any further genetic analyses with

these cytochrome b sequences. Thus cytochrome b
sequences and phylogenetic trees have not been used to

determine genetic divergences within the genus

Neophocaena.

Regarding evolutionary rates, the cytochrome b gene

varies at a slower rate than the control region (Lopez et al.,
1997), and the use of DNA barcoding approaches with

mtDNA cytochrome b sequences was demonstrated in the

discrimination between the two mongoose species of the

genus Herpestes (Bennett, 2011) and among delphinid

cetacean species (Amaral et al., 2007a). Thus, it is valuable

to examine whether or not population subdivisions between

finless porpoises are revealed by examining the

‘conservative’ cytochrome b gene sequences and

conventional phylogenetic trees.

In this study, 12 N.a. sunameri specimens were used. They

were collected from fishery markets at Pohang in

southeastern Korea and their complete cytochrome b
sequences were obtained. These sequences were compared

to the corresponding partial (402bp) and complete (1,140bp)

sequences of Neophocaena, obtained from GenBank, in

order to examine interspecific divergence between two

species of Neophocaena (N. asiaeorientalis and N.
phocaenoides) and intraspecific divergence between two
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INTRODUCTION

Mead and Brownell (2005) noted that the geographic

distribution of the finless porpoise (Neophocaena
phocaenoides Cuvier, 1829) extends from the Indo-Pacific

Ocean to Japan, including coastal waters and some rivers,

and they recognised three subspecies (N.p. phocaenoides,

N.p. asiaeorientalis, and N.p. sunameri). However, Pilleri

and Gihr (1975) had previously reported that the genus

Neophocaena comprises three distinct species, N.
phocaenoides, N. asiaeorientalis, and N. sunameri. Jefferson

and Wang (2011) reclassified finless porpoises as two distinct

species from the review on the previous studies of finless

porpoises with morphological and molecular characters: the

Indo-Pacific finless porpoise, N. phocaenoides; and the

narrow-ridged finless porpoise, N. asiaeorientalis, with two

subspecies (Yangtze finless porpoise, N.a. asiaeorientalis,

and East Asian finless porpoise, N.a. sunameri).
Molecular genetic studies for taxonomic reconsideration

have become widespread during the past decade and

mitochondrial DNA (mtDNA) is a sensitive genetic marker

suitable for studies of closely related taxa or populations of

a variety of species (Sunnucks, 2000). To examine

population subdivisions of Neophocaena, F-statistics were

utilised on the basis of the mtDNA control region (Yang et
al., 2008; Yoshida et al., 2001), nuclear microsatellites and

mtDNA control region (Li et al., 2011; Wang et al., 2008),

nuclear microsatellites (Chen et al., 2010), and nuclear
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subspecies of N. asiaeorientalis (N.a. asiaeorientalis and

N.a. sunameri).

MATERIALS AND METHODS

For this analysis, 12 specimens (specimen nos. 2507-09,

2511, 2513-15, 2538-40, 2542, and 2548) of N.a. sunameri
were collected from fishery markets at Pohang in

southeastern Korea. They were caught from the Sea of Japan

(East Sea) as bycatch in 2013, as given in Table 1. A map

detailing the distributional range of the two species of

Neophocaena, with the collection site of N. asiaeorientalis
sunameri at Pohang in south-eastern Korea is shown in Fig.

1. Small pieces of muscle tissue were taken and preserved

in a deep freezer.

From muscle samples, total cellular DNA was extracted

using a Genomic DNA extraction kit (Intron, Daejeon,

Korea). The cytochrome b gene was PCR-amplified using

the primers CB-out1 and CB-out2 (Cassens et al., 2000).

PCR thermal cycle for cytochrome b sequence was as

follows: 94°C for 5 minutes; 94°C for 1 minute, 55°C for 

1 minute, 72°C for 1 minute (32 cycles); and 72°C for 

5 minutes. To remove primer and unincorporated

nucleotides, the amplified product was purified using a DNA

PrepMate kit with a silica-based matrix (Intron Co.). The

purified PCR products were analysed with an automated

DNA Sequencer (Perkin Elmer 377) at Bioneer Co. (Seoul,

Korea).

The complete sequences (1,140 bp) of the cytochrome b
gene were obtained from 12 N.a. sunameri in Korea, and

these sequences were compared to the corresponding ten

complete sequences of two subspecies in N. asiaeorientalis,

obtained from GenBank, as given in Table 2. In addition,

from the cytochrome b complete sequences of N.
asiaeorientalis, obtained from this study and GenBank,

cytochrome b partial sequences (402 bp; site nos. 12-413)

were obtained and analysed together with the corresponding

five partial sequences of N. phocaenoides, obtained from

GenBank, as listed in Table 2.

Sequence alignment, detection of parsimonious

informative sites, model selection, calculation of nucleotide

distances, tree constructions with 1,000 bootstrapped

replications, and estimation of coefficient of evolutionary

differentiation (Gst) were conducted using MEGA5 (Tamura

et al., 2011). The Jukes-Cantor (JC) model, which showed

the lowest Bayesian information criterion scores, was

selected by the program, and maximum likelihood trees were

constructed. Fin whale, Balaenoptera physalus (NC001321)

and common dolphin, Delphinus delphis (AF084084) were

used as outgroups.

RESULTS

Nine cytochrome b complete haplotypes were obtained from

12 N.a. sunameri specimens, as shown in Table 1, and these

nine haplotypes were deposited under the accession numbers

from KJ472895 to KJ472903. Within 19 haplotypes of N.
asiaeorientalis (9 haplotypes from this study and 10

haplotypes from GenBank), 31 sites (2.72%) were variable,
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Fig. 1. A map covering the distributional range of two species of genus Neophocaena, with collection site of N. asiaeorientalis
sunameri at Pohang in southeastern Korea. N. phocaenoides ranges from the Arabian Sea to the South China Sea, whereas
N.a. asiaeorientalis is found in the Yangtze River, and N.a. sunameri inhabits in East China Sea, Yellow Sea, and the waters
of Korea and Japan, including the Sea of Japan (East Sea).

 
Table 1 

Specimen number and cytochrome b complete haplotypes of 12 

Neophocaena asiaeorientalis sunameri specimens, collected from fishery 

markets at Pohang in southeastern Korea. Among the 12 sequences nine 

haplotypes were identified. 

Specimen number Cytochrome b complete haplotype 

2507 CB01Korea 

2508, 2513, 1538, and 2548 CB02Korea 

2509 CB03Korea 

2511 CB04Korea 

2514 CB05Korea 

2515 CB06Korea 

2539 CB07Korea 

2540 CB08Korea 
2542 CB09Korea 



and 16 sites (1.40%) were parsimonious informative. The

average JC distance among nine haplotypes of N.a. sunameri
from Korea was 0.44%.

A maximum likelihood tree with 19 cytochrome b
complete haplotypes of N. asiaeorientalis from four regions

in East Asia is shown in Fig. 2, and the 19 haplotypes from

East China Sea, Yellow Sea (China), the Yangtze River, and

Sea of Japan formed one clade (Gp 1), with within group

average JC distance of 0.57% and a Gst value of 0.06. In

addition, one haplotype (HM137098) of N.a. asiaeorientalis
from the Yangtze River was identical to one haplotype

(CB02Korea) of N.a. sunameri from the Sea of Japan, and

another haplotype (HM137092) of N.a. asiaeorientalis from

the Yangtze River was identical to another haplotype

(HQ108397) of N.a. sunameri from the Yellow Sea.

Additionally, HQ108415 from the Yellow Sea was identical

to CB04Korea from the Sea of Japan and HQ108420 from

the Yellow Sea was identical to CB08Korea from the Sea of

Japan.

Another maximum likelihood tree with 24 cytochrome b
partial haplotypes (402bp) of two Neohpocaena species from

the Arabian Sea, Indian Sea, East China Sea, Yellow Sea,

and Sea of Japan is shown in Fig. 3, and two clades (Gps 1

and 2) were recognised: the 19 haplotypes of N.

J. CETACEAN RES. MANAGE. 13(3): 195–199, 2013 197

Table 2 

GenBank identification of 15 cytochrome b haplotypes in the genus Neophocaena, used in this study. The ten haplotypes of N. 

asiaeorientalis were complete1 (1,140bp) sequences and five haplotypes of N. phocaenoides were partial2 (402bp) sequences. 

Species name Locality Accession number (complete1 or partial2 cytochrome b haplotype) 

N. a. asiaeorientalis    Yangzte River HM1370841, HM1370921, HM1370981, and HM1371001  

N. a. sunameri           Yellow Sea HQ1083951, HQ1083971, HQ1084151, HQ1084191, and HQ1084201   

 East China Sea NC0214611 

N. phocaenoides         Indian Sea EF2034422, EF2034442, and EF2034382  

 Arabian Sea DQ3646922 and DQ3646912 

Fig. 2. A maximum likelihood tree with 19 cytochrome b complete haplotypes (1,140 bp) of N.asiaeorientalis. Nine haplotypes
of N.a. sunameri from Korea were obtained in this study, as given in Table 1 and 10 haplotypes of N. asiaeorientalis were
obtained from GenBank, as listed in Table 2. The tree was constructed with 1,000 bootstrapped replications, and the
bootstrap values >50% are reported at the internodes. Location name follows haplotype name or accession number in each
haplotype, obtained from this study and GenBank. Fin whales, B. physalus (NC001321) and common dolphins, Delphinus
delphis (AF084084) were used as outgroups.



asiaeorientalis from the four regions of East China Sea,

Yellow Sea, the Yangtze River, and Sea of Japan (Gp 1) were

distinct from the five haplotypes of N. phocaenoides from

the Indian and Arabian Seas (Gp 2), with average JC distance

of 1.64%, and four fixed site differences (1.00%) at site

numbers. 60, 145, 261, and 408, and a Gst value of 0.64.

DISCUSSION

Jefferson and Wang (2011) reported that the sharing of

mtDNA control region haplotypes and nuclear DNA alleles

between the two species of finless porpoises was a common

result amongst the previous molecular studies with the genus

Neophocaena. Li et al. (2011) and Ju et al. (2012) could not

find any obvious groupings in the two species of finless

porpoises from conventional phylogenetic trees based on

nuclear intron, microsatellite and mtDNA control region

sequences, so they distinguished between the two species by

using F-statistics. Additionally, Wang et al. (2008) noted that

the shared DNA in Neophocaena was due to insufficient time

since divergence to allow complete lineage sorting that

would result in fixed genetic differences.

From our study based on cytochrome b partial sequences

(Fig. 3), it was found that Neophocaena comprises two

clades (Gps 1 and 2), corresponding to the two species of N.
asiaeorientalis and N. phocaenoides, with average JC

distance of 1.64%, four fixed site differences (1.00%), and a

Gst value of 0.64, although the specimens from Southeast

Asia and the contiguous South China Sea were not

examined.

The nuclear genes vary at a slower rate than mtDNA

sequences (Steppan et al., 2005), and the mtDNA

cytochrome b gene is more conservative than the mtDNA

control region (Lopez et al., 1997). The variability of

microsatellites is often so high that it is possible to address
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Fig. 3. A maximum likelihood tree with 24 cytochrome b partial (402 bp) haplotypes of two species in the genus Neophocaena.
Nine haplotypes of N.a. sunameri from Korea were obtained from this study, as given in Table 1, and ten haplotypes of N.
asiaeorientalis and five haplotypes of N. phocaenoides were obtained from GenBank, as listed in Table 2. Fin whales, B.
physalus (NC001321) and common dolphins Delphinus delphis (AF084084) were used as outgroups.



issues such as discrimination at the individual level (Wan et
al., 2004). In addition, the cytochrome b gene was used as

one of the barcoding genes (Bennett, 2011) and it has several

advantages when compared to the control region in

phylogenetic analysis of the genus Delphinus (Amaral et. al.,
2007b). Furthermore, the Gst value is equivalent to the Fst

value (Halliburton, 2004), and the Fst value above 0.25

indicates ‘very great’ genetic differentiation and between

them, whereas differentiation is negligible when Fst is as

small as 0.05 or even less (Wright, 1978).

Cytochrome b sequences were used (not analysed by

former researchers to discriminate the two species of

Neophocaena) and two genetically distinct species were

found (Fig. 3; Gps 1 and 2), indicating that the cytochrome

b gene is a useful marker to distinguish the two species.

However, further genetic analyses with specimens

throughout the distribution range of the two species

(especially the specimens from Southeastern Asia and

contiguous South China Sea) are necessary to confirm our

findings. It was also considered that complete lineage sorting

has occurred in the cytochrome b gene of the two

Neophocaena species, because the time after divergence was

long enough to result in fixed genetic differences between

the two species.

In morphological and molecular studies of the East Asian

finless porpoise, N.a. sunameri, Jefferson and Wang (2011)

noted that the Yangtze River finless porpoise, N.a.
asiaeorientalis, is distinct from it, although they noted that

obvious distinction between the two subspecies was not

revealed by previous analyses. Li et al. (2011) and Ju et al.
(2012) used F-statistics with microsatellite, mtDNA control

region, and nuclear intron markers to distinguish between

two subspecies of N. asiaeorientalis. However, Yang et al.
(2002) noted that the differentiation between the Yangtze and

Yellow Sea populations was not significant from the control

region analysis.

In this study, based on cytochrome b complete sequences

of N. asiaeorientalis (Fig. 2), a lack of genetic divergence

was found between N.a. asiaeorientalis from the Yangtze

River (Gp 1, in part) and N.a. sunameri from the East China

Sea, Yellow Sea, and Sea of Japan (Gp 1, the rest), with a Gst

value of 0.06 and two pairs of identical sequences between

them. Huelsenbeck et al. (1996) reported that a classification

should be the product of all available characters distributed

as widely and evenly as possible over the organisms studied.

Jefferson and Wang (2011) noted that there is still some

uncertainty about N.a. asiaeorientalis’ isolation in the

Yangtze River proper, and Pilleri and Gihr (1975) reported

that finless porpoises from Japan and China have been

considered as the same subspecies in a previous

morphometric analysis. 

The sequencing results presented here do not support the

current classification, recognising two subspecies within N.
asiaeorinetalis. In future, genetic analyses with more

specimens of Neophocaena across its distribution range are

needed to confirm the findings of this study. 

REFERENCES

Amaral, A.R., Sequeira, M., Martinez-Cedeira, J. and Coelho, M.M. 2007a.
A first approach to the usefulness of cytochrome oxidase I barcodes in
the identification of closely related delphinid cetacean species. Mar.
Freshw. Res. 58(6): 505–10.

Amaral, A.C., Sequeira, M., Martinez-Cedeira, J. and Coelho, M.M. 2007b.
New insights on population genetic structure of Delphinus delphis from
the northeast Atlantic and phylogenetic relationships within the genus
inferred from two mitochondrial markers. Mar. Biol. 151: 1967–76.

Bennett, C.E., Wilson, B.S., and Desalle, R., 2011. DNA barcoding of an
invasive mammal species, the small Indian mongoose (Hespestes
javanicus) in the Caribbean and Hawaiian islands. Mitochondrial DNA
22: 12–18.

Cassens, I., Tiedemann, R., Suchentrunk, F. and Hartl, G.B. 2000.
Mitochondrial DNA variation in the European otter (Lutra lutra) and the
use of spatial autocorrelation analysis in conservation. J. Hered. 91(1):
31–35.

Chen, L., Bruford, M.W., Xu, S., Zhou, K. and Yang, G. 2010. Microsatellite
variation and significant population genetic structure of endangered
finless porpoises (Neophocaena phocaenoides) in Chinese coastal waters
and the Yangtze River. Marine Biology Research 157: 1,453–62.

Halliburton, R. 2004. Introduction to Population Genetics. Pearson
Education Inc., New Jersey. 325pp.

Huelsenbeck, J., Bull, J.J. and Cunningham, C. 1996. Combining data in
phylogenetic analysis. TREE 11: 152–7.

Jefferson, T.A. and Wang, J.Y. 2011. Revision of the taxonomy of finless
porpoises (genus Neophocaena): the existence of two species. Journal of
Marine Animals and their Ecology 4(1): 3–16.

Ju, J., Yang, M., Xu, S., Zhou, K. and Yang, G. 2012. High level population
differentiation of finless porpoises (Neophocaena phocaenoides) in
Chinese waters revealed by sequence variability of four nuclear introns.
Mol. Biol. Rep. 39: 7,755–62.

Li, X., Liu, Y., Tzika, A.C., Zhu, Q., Doninck, K. and Milinkovitch, M.C.
2011. Analyses of global and local population stratification of finless
porpoises Neophocaena phocaenoides in Chinese waters. Mar. Biol. 158:
1,791–804.

Lopez, J.V., Culver, M., Stephens, C., Johnson, W.E. and O’Brien, S.J. 1997.
Rates of nuclear and cytoplasmic mitochondrial DNA sequence
divergence in mammals. Mol. Biol. Evol. 14: 277–86.

Mead, J.G. and Brownell, R.L. 2005. Order Cetacea. pp.735–6. In: Wilson,
D.E. and Reeder, D.M. (eds). Mammal Species of the World: a Taxonomic
and Geographic Reference. Johns Hopkins University Press, Baltimore.

Pilleri, G. and Gihr, M. 1975. On the taxonomy and ecology of the finless
black porpoise, (Neophocaena) (Cetacea, Delphinidae). Mammalia 39:
657–73.

Steppan, S.J., Adkins, R.M., Spinks, P.Q. and Hale, C. 2005. Multigene
phylogeny of the Old world mice, Murinae, reveals distinct geographic
lineages and the declining utility of mitochondrial genes compared to
nuclear genes. Mol. Phylogenet. Evol. 37: 370–88.

Sunnucks, P. 2000. Efficient genetic markers for population biology. TREE
15: 199–203.

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M. and Kumar, S.
2011. MEGA5: Molecular evolutionary genetic analysis using maximum
likelihood, evolutionary distance, and maximum parsimony methods.
Mol. Biol. Evol.: 2,731–9.

Wan, Q., Wu, H., Fujihara, T. and Fang, S. 2004. Which genetic marker for
which conservation genetic issue? Electrophoresis 25: 2,165–76.

Wang, J.Y., Frasier, T.R., Yang, S.C. and White, B.N. 2008. Detecting recent
speciation events: the case of the finless porpoise (genus Neophocaena).
Heredity 101: 145–55.

Wright, S. 1978. Evolution and Genetics of Population: Variability Among
and Within Natural Populations. Vol. 4. University of Chicago Press,
Chicago.

Yang, G., Ren, W., Zhou, K., Liu, S., Ji, G., Yan, J. and Wang, L. 2002.
Population genetic structure of finless porpoises, (Neophocaena
phocaenoides), in Chinese waters, inferred from mitochondrial control
regional sequences. Mar. Mammal Sci. 18(2): 336–47.

Yang, G., Li, G., Bruford, M.W., Wei, F. and Zhou, K. 2008. Mitochondrial
phylogeography of population history of finless porpoises in Sino-
Japanese waters. Biol. J. Linn. Soc. 95: 193–204.

Yoshida, H., Yoshioka, M., Shirakihara, M. and Chow, S. 2001. Population
structure of finless porpoise (Neophocaena phocaenoides) in coastal
waters of Japan based on mitochondrial DNA sequences. J. Mammal. 82:
123–30.

J. CETACEAN RES. MANAGE. 13(3): 195–199, 2013 199





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 400
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


