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Abstract The dispersal of gametes and larvae plays a key
role in the population dynamics of sessile marine inverte-
brates. Species with internal fertilisation are often associ-
ated with very localised larval dispersal, which may cause
small-scale patterns of neutral genetic variation. This study
on the brooding coral Seriatopora hystrix from the Red Sea
focused on the smallest possible scale: Two S. hystrix
stands (~ 100 colonies each) near Dahab were completely
sampled, mapped and analysed at five microsatellite
markers. The sexual mode of reproduction, the likely
occurrence of selfing and the level of immigration were in
agreement with previous studies on this species. Contrary
to previous findings, both stands were in Hardy—Weinberg
proportions. Also, no evidence for spatially restricted larval
dispersal within the sampled areas was found. Differences
between this and previous studies on S. hystrix could
reflect variation in life history or varying environmental
conditions, which opens intriguing questions for future
research.
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Introduction

In sessile marine invertebrates, scales of larval dispersal
play a fundamental role in determining population dynam-
ics. Small-scale dispersal increases the chance of inbreeding
and promotes genetic divergence among populations due to
selection and/or genetic drift. Species with internal fertil-
isation have often been associated with the occurrence of
localised larval dispersal and pronounced neutral genetic
variation on surprisingly small spatial scales. Few popula-
tion genetic studies, however, focused on scales of deci-
metres to metres (e.g., Calder6n et al. 2007).

Seriatopora hystrix is a hermaphroditic, brooding coral
distributed from the Red Sea to the Western Pacific (Veron
2000). It reproduces largely sexually but can pursue a
mixed mating strategy of outcrossing and selfing (Sherman
2008). Large heterozygote deficits within local stands of
colonies (Ayre and Dufty 1994; Ayre and Hughes 2000;
Underwood et al. 2007; Sherman 2008) and isolation by
distance effects on limited spatial scales of <20 km (Maier
et al. 2005) or even below tens of metres (Underwood et al.
2007) imply very localised larval dispersal. Nevertheless,
at least some of the well-provisioned larvae are expected to
travel far, and assignment tests have successfully identified
immigrants (Underwood et al. 2007). Taken together, these
findings suggest that the population genetic structure of
S. hystrix is shaped by processes that act on a broad range
of spatial scales. Identifying these processes should shed
light on a coral life history and its variability across a vast
distribution range. Previous studies on S. hystrix focused
on scales from tens of metres to hundreds of kilometres.
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The present study was intended as a first step to understand
fine-scale patterns of genetic structure on scales from
decimetres to metres.

Two S. hystrix stands from the Red Sea (~ 100 colonies
each) were analysed using five microsatellites in order to
(1) determine whether these sites are internally structured,
and (2) examine the role of four processes that could cause
such structure, i.e., immigration, clonal reproduction, sel-
fing and small-scale larval dispersal.

Materials and methods
Sample collection

Seriatopora hystrix was sampled in 2002 from two locations
in the Dahab region, Egypt, separated by ~ 8.0 km (Fig. 1).
House Reef 2 (HR2, 28°29'24.4" N, 34°30'58.1” E) and
Golden Blocks (GB, 28°26'18.9" N, 34°27'46.6” E) were
situated on the reef slope at 21 and 13 m depth, respectively.
The sampled areas were ~ 600 m’ (HR2) and ~200 m>
(GB) in size. From all colonies, branch tips of approximately
1 cm length were collected (HR2: n = 107; GB: n = 110)
and the position of each colony was mapped via x- and
y-coordinates. DNA was preserved as described in Maier
et al. (2005).

Genotyping

DNA was extracted following Maier et al. (2001). Geno-
types were scored at five species-specific microsatellite
loci: Sh2-002, Sh3-004 and Sh4-001 (Underwood et al.
2006, 2007) as well as Sh2.15 and Sh4.24 (Maier et al.
2005). Allelic variation was analysed on a MegaBACE
1000, scored with MegaBACE Genetic Profiler v2.2 (GE
Healthcare) and checked manually.

Statistical analysis

Allele frequencies, observed (H,) and expected (H.) het-
erozygosities as well as Fig (f, Weir and Cockerham 1984)
were calculated in FSTAT version 2.9.3 (Goudet 2001) and
GENEPOP web version 3.4 (Raymond and Rousset 1995).
Tests for Hardy—Weinberg equilibrium (HWE) and linkage
disequilibria were performed in FSTAT, based on 1,000 and
600 permutations, respectively. FSTAT was also used to
calculate Fgr (0, Weir and Cockerham 1984) and Rst (p,
Goodman 1997). Significance of Fst was estimated using
Fisher’s exact test in GENEPOP (1,000 dememorizations,
100 batches, 1,000 iterations per batch). The software
FREENA (Chapuis and Estoup 2007) was used to check
the robustness of results in the light of potential null alleles.

In order to identify immigrants, the population exclusion
method implemented in GeneClass2 (Piry et al. 2004) was
applied. For each colony, the likelihood that it originated
within its sampling site was calculated using the partial
Bayesian criterion of Rannala and Mountain (1997) and
compared to the distribution of likelihoods of 10* simu-
lated genotypes, generated using a Monte Carlo algorithm
(Paetkau et al. 2004). In order to compensate for the limited
power of this data set to identify migrants (unknown source
populations, small number of loci), the low stringency
criterion of o = 0.05 (95% exclusion probability) was
applied. From the resulting estimate of Nm, the expected
Type I error (N*o) was subtracted to obtain a reliable
minimum, as suggested by Paetkau et al. (2004).

As a descriptive statistic, the ratio of the observed
number of distinct genotypes (Ny) over the sample size (N)
was computed. In order to test for asexual reproduction, the
probability of finding the observed number of identical
multilocus genotypes (MLG) under the null hypothesis of
purely sexual, biparental reproduction was assessed using a
simulation approach described in Calderén et al. (2007),
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based on 100,000 replicates, keeping sample size, allele
frequencies and heterozygosities as observed.

In order to test whether colonies were more closely
related than expected under panmixia, pairwise relatedness
(R, Queller and Goodnight 1989) was calculated in
IDENTIX (Belkhir et al. 2002). The mean and variance of
R were compared to the expected distribution under the
null hypothesis of panmixia, based on 1,000 permutations
of single-locus genotypes. Autocorrelation analyses in
SPAGEDI version 1.2 (Hardy and Vekemans 2002) were
used to test whether R decreased with increasing distance.
In order to avoid bias from potential clonal replicates,
identical MLG were removed from analyses of relatedness
(randomly keeping one per group).

Results and discussion

A total of 217 S. hystrix colonies were analysed (Table 1).
Tests for linkage disequilibria were consistent with inde-
pendent segregation of marker loci. The null-corrected data
set generated almost identical differentiation estimates
(Fst: 0.0346 vs. 0.0349) and supported all of the conclu-
sions of this study. The mean deviations from HWE per site
were small (Fig = 0.034 and 0.041, Table 1) and non-
significant. This is in contrast to all previous studies on
S. hystrix which reported large heterozygote deficits based
on allozymes (Ayre and Dufty 1994; Ayre and Hughes
2000; Sherman 2008) and microsatellites (Maier et al.
2005; Underwood et al. 2007). These were attributed to
factors such as restricted dispersal of sperm and larvae,
inbreeding (including selfing) and Wahlund effects. In

contrast, the present findings were consistent with free
mixing of gametes and larvae within the sampled areas. In
the only other study on S. hystrix from the Red Sea (Maier
et al. 2005), null alleles presumably contributed to the
observed large heterozygote deficits. Thus, it is presently
unknown whether (approximate) Hardy—Weinberg pro-
portions are common in this region.

Assignment tests in GeneClass2 identified 13 (HR2) and
16 (GB) colonies as immigrants. After subtracting the
expected Type I error (cf. Materials and Methods), the
minimum estimate of Nm was seven (6.5%) for HR2 and 10
(9.1%) for GB. The true values may well be twice as large
as the inferred minimum (Paetkau et al. 2004). Note that
between one and five S. hystrix colonies per site were
identified as immigrants (6% overall, uncorrected,
P < 0.05) at the Scotts Reef in northern Western Australia
(Underwood et al. 2007). Especially given the reduced
power of immigrant detection in this study (five loci vs.
eight used by Underwood et al. 2007), the comparison
implies a relatively greater influx of immigrants into HR2
and GB. This may be due to more numerous and larger
source populations along the Dahab coast. The small Scott
Reef is in a remote location 270 km from the mainland,
and most of its S. hystrix populations had not yet recovered
from a catastrophic bleaching event six years prior to
genetic sampling. Moreover, the comparatively simpler
shape of the Dahab shoreline may facilitate the transport of
larvae through coastal waters (Johnson and Black 2006).

While the source populations of the immigrants remain
unknown, data from a previous study help to determine
plausible minimum dispersal distances. For seven sites in
the Dahab region (max. distance between sites: 20 km),

Table 1 Genetic variation at

. . .. Locus Overall
five microsatellite loci in
Seriatopora hystrix Sh2-002 Sh3-004 Sh4-001 Sh2.15 Sh4.24
HR2 (n = 107)

Na 5 4 9 14 31

Npa 1 0 3 3 11

H, 0.514 0.514 0.570 0.757 0.858
n Sample sizes, Ny number of H. 0.507 0.497 0.605 0.805 0911
alleles, Np number of private Fis ~0.015 ~0.033 0.058 0.060 0.058 0.034
alleles, H, observed GB (n = 110
heterozygosity, H, expected (n = )
heterozygosity, Fis inbreeding Na 5 5 9 16 31
coefficient (Weir and Npa 1 1 3 5 11
Cockerham 1984) H, 0.509 0361 0.536 0.806 0.798
Significant values were H, 0.446 0359 0.555 0.834 0.945
determined after sequential By
Bonferroni corrections Fis —0.142 —0.007 0.033 0.034 0.155 0.041
* Indicates significance at a Total
nominal o-level of 0.05, Na 6 5 12 19 42
P < 0.0042 Repeat motiv? (CA)5 (AAC), (CAAT)0 (CA) g (CA)5,
* Number of repeats are given Allele size (bp) 128-155 154-166 130-160 215-331 178-298

for the cloned allele
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Table 2 Estimates of Fgr (0. Weir and Cockerham 1984) and Rgr (p,

normalised across loci according to Goodman 1997)

Locus Fgr Rst

Sh2-002 0.015 —0.003
Sh3-004 0.108 0.311
Sh4-001 0.012 0.031
Sh2.15 0.027 —0.004
Sh4.24 0.029 0.167
Total 0.035* (0.012) 0.109

Standard error (s.e.) for 0 is based on jackknifing over loci

* P < 0.0001 according to Fisher’s exact test in GENEPOP. No test
for significance was carried out on Rgt

Maier et al. (2005) found a mean Fgr of 0.094. Eight out of
21 pairwise comparisons yielded Fgt estimates greater than
0.1 (min. pairwise distance within this subset: 6.3 km). At
that level of differentiation, the power of assignment tests
to detect immigrants approaches one for the set of markers
used here (Paetkau et al. 2004). Immigrants that are
detectable by the present approach may therefore have
originated within the Dahab region. However, it is unlikely
that any exchange of migrants between HR2 and GB would
have been picked up: differentiation between both sites was
low if highly significant (Fst = 0.035, P < 0.0001). The
corresponding Rst value was 0.109 (Table 2). While the
inferred immigrants appear to be randomly located within
site HR2, those at site GB lie mostly on a line that runs
diagonally through the study site (Fig. 2). This curious
pattern is presently unexplained. It does not match any
features of the substrate such as a ridge or a trough.

At HR2, no repetition of MLG occurred (N/N = 1). At
GB, five groups of colonies with identical MLG were
found, each group consisting of two colonies. No identical
MLG were shared between both sites. Thus, genotypic
structure at HR2 was consistent with purely sexual, bipa-
rental reproduction. Under that assumption, the observed
repetition of MLG at GB was highly improbable
(P < 1077), but can be explained by selfing (see below).
Members of a given putative clone did not occupy closely
neighbouring locations but were scattered across the study
site (Fig. 2b). In agreement with all previous studies on
S. hystrix (Ayre and Resing 1986; Ayre and Dufty 1994;
Ayre and Hughes 2000; Maier et al. 2005; Underwood
et al. 2007; Sherman 2008), the analysis shows that
reproduction was largely if not entirely sexual.

Neither mean nor variance of pairwise relatedness (R)
was significantly higher than expected under panmixia at
HR2 (Table 3). At GB, the mean of R was consistent with
panmixia whereas the variance of R was significantly
increased. The latter could be due to immigrants that are
only distantly related to local colonies. However, removal
of presumptive immigrants did not change the results
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Fig. 2 Location of colonies within the sampled areas, a HR2 and b
GB. Inferred immigrants are marked with black symbols whereas
putative clonal replicates (open symbols) are denoted with identical
numbers. Note that each set of immigrants contains more colonies
than the estimated minimum number referred to in the text

Table 3 Mean (R,,ca,) and variance (R,,,) of pairwise relatedness (R,
Queller and Goodnight 1989)

All colonies Without immigrants

Rmean RVill" Rmean Rvur
Site
HR2 —0.006 0.071 —0.007 0.075
GB —0.013 0.071" —-0.019 0.077*

* Indicates significance at a nominal a-level of 0.05, P < 0.013

(Table 3). In fact, the distribution was skewed to the right,
i.e., there was an excess of high relatedness values. This
suggests selfing as an alternative explanation for the
increased variance. A simulation of selfing among
observed GB genotypes showed that the largest observed
R values (R > 0.5) may represent pairs of selfed offspring
and their parent. All of these observations also hold for
HR2, albeit with no greater than expected variance in
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R. However, the small Fig estimates suggest selfing rates
(S) under 0.1 (assuming equilibrium conditions with each
individual producing a proportion S of selfed offspring,
Pollak 1987). In contrast, Sherman (2008) inferred on
average almost equal levels of outcrossing and selfing at
One Tree Island (GBR) based on the direct comparison of
adult and offspring genotypes.

Autocorrelation analyses did not reveal any association
between pairwise relatedness and spatial distance. At each
site, none of the correlation coefficients was significant,
while sample sizes were large (min. N = 225 pairs in the
seven smallest distance classes). An existing spatial auto-
correlation may be obscured by (a) thinning processes after
recruitment that weaken allelic aggregations, (b) overlap-
ping dispersal shadows of different maternal colonies that
reduce the relatedness among adjacent colonies (reviewed
in Asuka et al. 2005) or (c) the random settlement of
immigrants within a site. The latter point can be ruled out,
as the same results were obtained after removal of pre-
sumptive immigrants. As it stands, the data are consistent
with unrestricted larval dispersal (cf. Underwood et al.
2007) and random mating within sites, as shown by this
analysis and the prevailing Hardy—Weinberg proportions.
Thus, in S. hystrix, the smallest documented scale for
spatially restricted dispersal in the Dahab area is 20 km
(Maier et al. 2005).

Approximate panmixia as reported here is the exception
rather than the rule in S. hystrix populations and, more
generally, in marine invertebrates. The examination of four
underlying processes revealed both differences and simi-
larities in comparison with previous studies on S. hystrix.
While there was no detectable tendency of larvae to settle
near their parents, such a tendency may still exist yet be
obscured by external forces such as water currents. These
may also generate well-mixed samples of immigrants from
various sites that appear to arrive in a steady stream
without causing admixture effects. In keeping with previ-
ous studies, asexual reproduction played at most a marginal
role in either population. Finally, the data hint at a mixed
mating strategy of selfing and outcrossing but with a much
lower selfing rate than was found elsewhere (Sherman
2008).

Among the potential causes for the divergent genetic
structures of S. hystrix populations, there are a few on
which we can comment here. Approximate Hardy—Wein-
berg proportions are not restricted to the Red Sea but have
also been reported for several populations on the Great
Barrier Reef (Ayre and Dufty 1994; van Oppen et al.
2008). The present study contradicts the notion that pan-
mixia in S. hystrix is only found in lagoon habitats (Ayre
and Dufty 1994; van Oppen et al. 2008). Instead, HR2 and
GB are situated at the reef slope. Both sites may have been
populated for some time so that any admixture effects in

the colonising cohort would have been eroded by sub-
sequent random mating. If population turnover is generally
common in S. Aystrix, then ‘mature’ populations will
simply not be sampled very often. Life history differences
among populations, e.g., with regard to selfing rates, would
not be unexpected. Yet, the spatial scale of such variation is
presently unknown. Apportioning the observed population
differences to variation in either life history or abiotic
forces presents a challenge for future studies.

Acknowledgements This study was funded by the Minerva Foun-
dation and the Deutsche Forschungsgemeinschaft (NU 51/5 to BN
and RT). We thank all people who provided field assistance, espe-
cially M. Rehberg. X. Turon kindly adapted his programme to run the
simulations on clonality. We thank K.P. Lampert for fruitful discus-
sions and the anonymous reviewers for constructive comments.

References

Asuka Y, Tomaru N, Munehara Y, Tani N, Tsumura Y, Yamamoto S
(2005) Half-sib family structure of Fagus crenata saplings in an
old-growth beech-dwarf bamboo forest. Mol Ecol 14:2565-2575

Ayre DJ, Dufty S (1994) Evidence for restricted gene flow in the
viviparous coral Seriatopora hystrix on Australia‘s Great Barrier
Reef. Evolution 48:1183-1201

Ayre DJ, Hughes TP (2000) Genotypic diversity and gene flow in
brooding and spawning corals along the Great Barrier Reef,
Australia. Evolution 54:1590-1605

Ayre DJ, Resing JM (1986) Sexual and asexual production of
planulae in reef corals. Mar Biol 90:187-190

Belkhir K, Castric V, Bonhomme F (2002) IDENTIX, a software to
test for relatedness in a population using permutation methods.
Mol Ecol Notes 2:611-614

Calderon I, Ortega N, Duran S, Becerro M, Pascual M, Turon X
(2007) Finding the relevant scale: clonality and genetic structure
in a marine invertebrate (Crambe crambe, Porifera). Mol Ecol
16:1799-1810

Chapuis M-P, Estoup A (2007) Microsatellite null alleles and
estimation of population differentiation. Mol Biol Evol 24:
621-631

Goodman SJ (1997) Rgr calc: a collection of computer programs for
calculating estimates of genetic differentiation from microsatel-
lite data and determining of their significance. Mol Ecol 6:
881-885

Goudet J (2001) FSTAT, a program to estimate and test gene
diversities and fixation indices (version 2.9.3.2), http://www2.
unil.ch/popgen/softwares/fstat.htm

Hardy OJ, Vekemans X (2002) SPAGeDi: a versatile computer
program to analyse spatial genetic structure at the individual or
population levels. Mol Ecol Notes 2:618-620

Johnson MS, Black R (2006) Islands increase genetic subdivision and
disrupt patterns of connectivity of intertidal snails in a complex
archipelago. Evolution 60:2498-2506

Maier E, Tollrian R, Niirnberger B (2001) Development of species-
specific markers in an organism with endosymbionts: microsat-
ellites in the scleractinian coral Seriatopora hystrix. Mol Ecol
Notes 1:157-159

Maier E, Tollrian R, Rinkevich B, Niirnberger B (2005) Isolation by
distance in the scleractinian coral Seriatopora hystrix from the
Red Sea. Mar Biol 147:1109-1120

Paetkau D, Slade R, Burden M, Estoup A (2004) Genetic assignment
methods for the direct, real-time estimation of migration rate: a

@ Springer


http://www2.unil.ch/popgen/softwares/fstat.htm
http://www2.unil.ch/popgen/softwares/fstat.htm

Coral Reefs

simulation-based exploration of accuracy and power. Mol Ecol
13:55-65

Piry S, Alapetite A, Cornuet J-M, Paetkau D, Baudouin L, Estoup A
(2004) GeneClass2: a software for genetic assignment and first-
generation migrant detection. J Hered 95:536-539

Pollak E (1987) On the theory of partially inbreeding finite
populations. I Partial selfing. Genetics 117:353-360

Queller DC, Goodnight KF (1989) Estimating relatedness using
genetic markers. Evolution 43:258-275

Rannala B, Mountain JL (1997) Detecting immigration by using
multilocus genotypes. Proc Natl Acad Sci USA 94:9197-9201

Raymond M, Rousset F (1995) GENEPOP (version 1.2): population
genetics software for exact tests and ecumenicism. J Hered
86:248-249

Sherman CDH (2008) Mating system variation in the hermaphroditic
brooding coral, Seriatopora hystrix. Heredity 100:296-303

@ Springer

Underwood JN, Souter PB, Ballment ER, Lutz AH, van Oppen MJH
(2006) Development of 10 polymorphic microsatellite markers
from herbicide-bleached tissues of the brooding pocilloporid
coral Seriatopora hystrix. Mol Ecol Notes 6:176-178

Underwood JN, Smith LD, van Oppen MJH, Gilmour JP (2007)
Multiple scales of genetic connectivity in a brooding coral on
isolated reefs following catastrophic bleaching. Mol Ecol 16:
771-784

van Oppen MJH, Lutz A, De’ath G, Peplow L, Kininmonth S (2008)
Genetic traces of recent long-distance dispersal in a predomi-
nantly self-recruiting coral. PLoS ONE 3(10):e3401. doi:
10.1371/journal.pone.0003401

Veron JEN (2000) Corals of the world, vol 2. Australian Institute of
Marine Science, Townsville

Weir BS, Cockerham CC (1984) Estimating F-statistics for the
analysis of population structure. Evolution 38:1358-1370


http://dx.doi.org/10.1371/journal.pone.0003401

	Fine-scale analysis of genetic structure in the brooding coral Seriatopora hystrix from the Red Sea
	Abstract
	Introduction
	Materials and methods
	Sample collection
	Genotyping
	Statistical analysis

	Results and discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


