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Abstract Direction-dependence, or anisotropy, of spatial
distribution patterns of vegetation is rarely explored due to
neglect of this ecological phenomenon and the paucity of
methods dealing with this issue. This paper proposes a
new approach to anisotropy analysis of spatial distribution
patterns of plant populations on the basis of the data resam-
pling technique (DRT) combined with Ripley’s L index.
Using the ArcView Geographic Information System (GIS)
platform, a case study was carried out by selecting the popula-
tion of Pinus massoniana from a needle- and broad-leaved
mixed forest community in the Heishiding Nature Reserve,
Guangdong Province. Results showed that the spatial pattern
of the P. massoniana population was typically anisotropic
with different patterns in different directions. The DRT was
found to be an effective approach to the anisotropy analysis
of spatial patterns of plant populations. By employing resam-
pling sub-datasets from the original dataset in different direc-
tions, we could overcome the difficulty in the direct use of
current non-angular methods of pattern analysis.

Keywords population, spatial distribution pattern, anisot-
ropy analysis, data resampling technique, Ripley’s L index

1 Introduction

The spatial distribution pattern that many ecological datasets
have rendered reveal both scale dependence and direction
dependence (directionality, or anisotropy), with the former
referring to changing characteristics at multiple scales, and
the latter, different patterns in different directions. Numerous
researches on vegetation pattern have been carried out with
emphasis on its scale dependence, which roughly fall into two
aspects: one is to develop multi-scale pattern analysis
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methods for solving scale dependent problems, and the other
is to probe scale effects or to analyze spatial patterns at
multiple scales (Wang and Yu, 2005).

The scale dependence of spatial patterns is increasingly
recognized by modern ecologists, and quantitative research
on spatial heterogeneity at multiple scales is considered as the
first step towards exploring relationships between pattern and
process (Wu et al., 2002). However, the direction dependence
(directionality), or anisotropy, of spatial patterns has received
little attention (Rosenberg, 2004). Related studies are still
rare (Rosenberg, 2004; Wu et al., 2002).

Although the effects of changing direction on pattern anal-
ysis have long been recognized in vegetation analysis when
using blocked quadrant variance methods and geostatistical
analysis of anisotropy, few researches have been carried out
that directly and systematically address the question of how
changing directions affect pattern analysis (Wu et al., 2002).
The underlying reasons are probably the neglected situation
of direction dependence, and the paucity of applicable meth-
ods for anisotropy analysis. With its semivariance that is
closely related to direction, geostatistical analysis method,
which was mainly utilized for analysis of anisotropic spatial
heterogeneity of plant populations, can also be adapted in
anisotropic spatial pattern analysis for exploring relationships
between direction and pattern. Rosenberg (2004) proposed
that wavelet analysis and his adapted angular wavelet analy-
sis can be used for detecting anisotropic spatial patterns.
However, neither geostatistical analysis nor wavelet analysis
can be simply applied to ecological field datasets, and some-
times a professional software package (e.g. geostatistical
analysis software) is indispensable.

The objective of this paper was to present a new approach
for anisotropy analysis of spatial distribution patterns by
employing a data resampling technique (DRT) combining
with Ripley’s L index, which was carried out on the ArcView
Geographic Information System (GIS) software package
by selecting the Pinus massoniana population in a needle-
broadleaved mixed forest in the Heishiding Nature Reserve of
Guangdong as a case study.



2 Study site and methods

2.1 Study site

The study site is located in the Heishiding Nature Reserve,
Guangdong Province. For its detailed descriptions and
vegetation classification scheme, refer to Yu et al. (2000).

At the northwest site of Jiagiaokeng, Shimentang village
of the Heishiding Nature Reserve (23°26'N, 111°53'E), a
64 m x 64 m sample plot was set up, and each tree or shrub
species with the diameter at breast height (DBH) greater than
1 cm was surveyed, and items recorded include species name,
DBH, height, crown width and coordinates within the plot.
The community concerned was a P. massoniana dominated
needle-broadleaved mixed forest type, the most widespread
needle-broadleaved mixed forest type in the Heishiding
Nature Reserve (Yu et al., 2000). Its forest physiognomy was
typical of a needle-broadleaved mixed forest type, with the
upper layer dominated by P. massoniana, and the middle
and lower layers by both P. massoniana and broadleaved tree
species.

2.2 Methods

2.2.1 Point map

Point map is a kind of scatter map that treats plant individuals
as points, with locations determined by coordinates within
sample plot, which visualizes population distribution patterns
intuitively, and thus is an auxiliary tool for quantitative
ecological research (Wang and Yu, 2005). Point map helped
carry out qualitative visual analyses of population distribution
patterns, and the roughly appraised outlook of anisotropic
distribution pattern on the technical platform of the
ArcView GIS software package, the input coordinate datasets
of which were also the data source for quantitative anisotropy
analyses of population distribution patterns.

The number of individuals of P. massoniana in the
sampled plot was 172, and the point map of it is illustrated in
Fig. 1. From Fig. 1, it could be visually determined that there
were different numbers of individuals in different directions,
and thus, the population P. massoniana demonstrated a
somewhat anisotropic distribution pattern.

2.2.2  Data resampling technique

Comparisons of sampling techniques, especially those
involved in same plot but different analysis methods, or
different plot areas, were usually constrained by insufficient
manpower and material resources. The DRT is a kind of
technique that extracts sub-datasets from original source
datasets (e.g. surveyed dataset of a plot) according to a set
of predefined professional specifications on such computer
platforms as the GIS.

Although the application of computer technology in the
process of vegetation sampling was rather limited, researches
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Fig.1 Mapped point pattern of Pinus massoniana population

indicated that it was applicable and promising (Yu et al.,
1998). DRT based on plot dataset increases the reusability
of original basic datasets, and helps to reveal much more
ecological information and explore the in-depth ecological
nature of studied objects. At the same time, DRT decreases
costs in manpower and material resources. Compared with
computer-based simulated sampling technique (Yu et al.,
1998), DRT is in nature alike.

For a square plot, its rectangular sub-plots can be deter-
mined in different directions, typically in those directions
shown in Fig. 2. The angles from the horizontal direction till
the longer edges of D1, D2, D3 and D4 are 45°, 135°, 90° and
0°, respectively, and D1 or D2 is laid parallel to the rectan-
gle’s corresponding diagonal, D3 to the vertical, and D4 to the
horizontal, with all central coordinates at the center of the
square plot.

Hereafter, the resampling ratio is defined as the ratio of the
number of individuals in the sub-plot to that of the original
plot. The resampling ratios of P. massoniana population in
four typical directions as those defined in Fig. 2 are listed in
Table 1.
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Fig.2 Sketch maps for resampling in four typical directions

Table 1 Resampling ratio of Pinus massoniana in Heishiding Nature
Reserve, Guangdong Province

Resampling D1 Resampling D2 Resampling D3~ Resampling D4
NOI RR /% NOI RR/% NOI RR/% NOI RR/%
79 459 74 43.0 64 37.2 74 43.0

NOI: Number of Individuals; RR: Resampling Ratio
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2.2.3 Ripley’s L index
Ripley’s K(d) function has been widely applied to study

spatial distribution patterns of plant populations. Ripley
defined the estimator K(d) as (Ripley, 1977)

non 5 (d
Kd)y=4YY ”n(z)

i=1 j=1

Lj=1,2,..ni#j,dy<d (1)

where A is the plot area and 7 is the number of individuals
within the plot, d is the current distance scale, and dj, is the
distance between individual pair i and j, ,(d) = 1 (if d;<d)
or d,(d) = 0 (if d;>d).

Besag (1977) suggested using L(d) instead of K(d) to
linearize the expected values and stabilize the variance.
Under the assumption of a Poisson distribution, the expected
value of L(d) is 0, with the calculation equation as

L(d) = @ —d ©)

The figurative d—L(d) relations can be employed in
detecting spatial distribution patterns at multiple scales. If
L(d)<0 (i.e. less than the expected value of a Poisson
distribution), a uniform distribution pattern is assumed; or if
L(d)>0 (i.e. greater than the expected value of a Poisson
distribution), a clumped distribution pattern is assumed,;
otherwise, an assumption of a random distribution pattern
cannot be rejected.

When a clumped distribution is detected, such information
as intensity and scale of a clump can be further inferred from
the figurative d—L(d) relations (Stamp and Lucas, 1990;
Zhang, 1998). The clump intensity is indicated by the scale at
which the maximum deviation from confidence envelopes
appears, and the clump scale, by a circle with a radius of the
scale indicating clump intensity.

Two problems come along with the application of Ripley’s
K(d) function in population distribution pattern analyses. One
is edge effects correction, and the other is significance tests.
Tang et al. (2003) believed that the method of edge effects
correction is the key problem in applying Ripley’s K(d)
function. Four comprehensive cases were summarized. The

equation for K(d) can be now calculated as (Tang et al.,
2003)

non le(d)
2

K(d)y=4YY

i=1 j=1

Lj=1,2,..ni#j,dy<d (3)
n

where w;(d), the weighting factor for edge effects correction,
is equal to the inverse of the proportion of the circumference
of the circle with center at i and radius d; lying within the plot,
and other symbols are the same as those defined in Eq. (1).
Either analytical methods or the Monte Carlo simulation
technique can be applied to significance tests of Ripley’s L
index. Because all the researchers in China are using Monte
Carlo techniques (Hou and Han, 1997; Zhang, 1998; Tang
et al., 2003; Zhang and Meng, 2004), this paper used the

analytical method, taking 1.424%%/N as the critical value for
estimating 95% confidence envelopes (Stamp and Lucas,
1990).

2.2.4 Technical approach

Technically, anisotropy analyses of population distribution
patterns can be carried out in one of two broad approaches
(Rosenberg, 2004). First is the method-driven approach,
which directly employs those methods that include a
direction-related parameter, such as the geostatistical analysis
method for direction-related problems. Second is the
sampling-driven approach, which employs traditional analy-
sis methods on datasets sampled in different directions, and
then summarizes results in different directions for anisotropic
distribution pattern analyses.

This paper took the second approach. First the sub-datasets
in different directions were resampled through DRT, and then
Ripley’s L index was employed for analyses of distribution
patterns in different directions, at multiple scales.

The sub-datasets were resampled through DRT in four
typical directions as those shown in Fig. 2, and K(d) was eval-
uated according to Eq. (3) with the edge effects correction
method of Tang et al. (2003), and then Ripley’s L index was
employed according to Eq. (2) in four typical directions for
the anisotropy analyses of distribution patterns of the popula-
tion of P. massoniana. The key step for the analysis process
was the resampling of sub-datasets in different directions
through DRT.

2.2.5 Anisotropy analyses extension on ArcView GIS

Anisotropy analyses were automatically carried out through
the extension of anisotropy analyses on ArcView GIS
platform developed by the authors. The core functionality of
the extension of anisotropy analyses includes two parts:

(1) Data Resampling: This part implements such data
preparations for the second part as specification determining
for sub-plot, coordinates extracting from original dataset
according to the specification, and data transforming for
calculations. The rectangular sub-plot for resampling in this
paper was 50 m in length, and 40 m in width, which was
the biggest within the original 64 m x 64 m square plot. The
original community survey datasets were resampled in four
typical directions as those shown in Fig. 2 for constructing
sub-datasets for the P. massoniana population.

(2) Ripley’s L index analyses: This part accomplishes
anisotropy analyses of population distribution patterns
following the methods described in the preceding sections.

3 Results

The curves of Ripley’s L index in four typical directions
(Fig. 3) demonstrated that, the spatial distribution pattern of
the P. massoniana population was typically anisotropic, with
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Fig. 3 Ripley’s L curve for anisotropic pattern analysis of Pinus massoniana (Pm)

different patterns in different directions, and similar patterns
in symmetrical directions.

The resampling ratio of the P. massoniana population
ranged from 43% to 46% (Table 1), about half of the indi-
viduals distributed in four typical directions. Judging from
Fig. 3, in directions D3 and D4, the curves of Ripley’s L index
fell within the 95% confidence envelope, indicating a signifi-
cant random distribution pattern at a scale range from 2-20 m.
While in symmetrical directions D1 and D2, the population of
P. massoniana was clumped at the scale ranges of 2-16 m and
4—-14 m, respectively; and exhibited maximal deviation from
the confidence envelope at a scale of 8 m, indicating maximal
clump intensity at this scale, and a clump scale of 200 m? or
sO.

4 Discussion

4.1 Anisotropic distribution pattern of plant population
Environmental factors such as soil nutrients distribution, pre-
vailing wind direction, and animal dispersal patterns, can all
exhibit direction dependence; and pattern forming processes
can be strongly direction dependent and are not necessarily
isotropic (Keitt, 2000). Therefore, the anisotropic distribution
pattern is a comprehensive manifestation of both environ-
mental spatial heterogeneity and the biological characteristics
of the population, and anisotropy is the primary characteristic
of population distribution pattern.

The case study of this paper showed that, the distribution
pattern of the P. massoniana population was anisotropic,
with different distribution patterns in four different typical
directions. Its causal factors were possibly the biological

characteristics of P. massoniana, and its surrounding environ-
mental factors the soil nutrients distribution patterns. The
Heishiding Nature Reserve is located in the southern subtrop-
ical region, and forest communities within this region are
generally in a trend of successional process from the forest
of P. massoniana to the evergreen broadleaved forest. The
forest community embracing the sample plot was a needle-
broadleaved mixed forest dominated by a population P
massoniana. It was midway of the successional stages, where
P. massoniana was declining, while other broadleaved tree
species such as Castanopsis nigrescens, and Itea chinensis
were gradually occupying much more space in the upper
layer of the community. The spatial heterogeneity of habitats
resulted in differences in regeneration conditions for the seed-
lings of P. massoniana, a strong heliophytic tree species,
which in turn made possible differences in the position and
quantity of random individual deaths, and eventually brought
about differences in distribution patterns in different direc-
tions, or anisotropic distribution patterns. However, further
validating researches are needed.

The results also showed that the curves in four typical
directions could be roughly grouped into two, i.e. D1 and
D2 in one group, and D3 and D4 in the other (Fig. 3). This
suggests that the population might exhibit symmetrical
distribution patterns, with similar distribution patterns in
symmetrical directions. The presence of anisotropy proved
that spatial heterogeneity within the studied region, and the
symmetry of spatial heterogeneity should be the most
probable causal factor for an anisotropic distribution pattern,
though further research is necessary for validating the truths,
or quantifying the symmetry.

Using several different landscapes in North America, Wu
et al. (2002) found that, generally, most landscape metrics
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showed large differences at smaller extents among the
four directions, i.e. northwest = southeast, southwest >
northeast, southeast = northwest and northeast = southwest,
indicating anisotropy at the landscape level, and that those
differences became smaller and eventually disappeared as the
overlapped area continued to increase.

Wu et al. (2002) also found pronounced anisotropy in
landscape metrics in their North America study, with four
response curves forming two groups: NW = SE and SW -
NE as one group, and SE - NW and NE - SW as the other,
with curves within a group resembling each other rather
closely. They believed this was indicative of the relatively
symmetric landscape pattern, because the response curves
of all metrics should be identical if landscape patterns were
isotropic, i.e. same pattern in different directions.

At the population level, spatial distribution pattern means
the arrangement of individuals of a population in a given time
and space. Numerous methods have been proposed for deter-
mining whether a population distribution falls into one of
the three common recognized types, i.e. random, uniform or
clumped pattern. Actually, most traditional studies assumed
an isotropic distribution pattern, supposing either no differ-
ences in different directions or those possible differences
could be neglected. This assumption certainly decreased the
rationality of the conclusions arrived at. Both theoretical
analyses and practical research showed that the habitats
and the pattern-forming ecological processes are generally
anisotropic. Therefore, results of pattern analysis through
traditional methods could be otherwise called mixed pattern,
or overall pattern, since it was isotropy-assumed.

Scale dependence and direction dependence are two
important spatial attributes of population distribution pattern,
therefore the multi-scale analyses and anisotropy analyses of
these two attributes are two important fields in population
distribution pattern research. Anisotropy analyses help lead to
an in-depth understanding of the characteristics of population
distribution patterns and its relations with environmental
factors, and are fundamental to research on the relationships
between population distribution patterns and its principal
controlling ecological processes. With the newly defined
paradigm of spatial autocorrelation in ecology, anisotropy
is also an important factor for constructing new ecological
models (Lichstein et al., 2002). For its capability of separat-
ing characters related to temporal scales from those related to
spatial scales, anisotropy analyses also help construct more
accurate pattern-process analysis models (Keitt, 2000). With
increasingly deepened researches of pattern analyses, the
aspect of anisotropy of pattern analyses will receive deserved
emphasis.

4.2 Methods of anisotropy analyses

Exclusive professional methods of anisotropy analyses have
not been devised yet. Existing methods of pattern analysis
do not include direction-related parameters, thus cannot be
employed directly in anisotropy analyses. As to methods

borrowed from other disciplines, such as semivariance in
geostatistics, or adapted from existing methods for anisotropy
analyses, their practical applications are rather restricted.
Therefore, developing professional methods of anisotropy
analyses is of great methodological importance, and deserves
further research.

By employing DRT and resampling sub-datasets in differ-
ent directions, this paper carried out anisotropy analyses of
the distribution pattern for the P. massonian population, pre-
cluding the problem of absent direction-related parameters in
existing methods of pattern analysis. The technical approach
is fairly practicable, and is an effective tool in the anisotropy
analyses of population distribution patterns. DRT is a new
form of application of computer-based vegetation resampling
technique, which simplifies data preparations for anisotropy
analyses through resampling sub-datasets in different direc-
tions. DRT extracts much more ecological information from
original basic datasets, enhances reusability of the basic data-
sets, and decreases costs in manpower and material resources
in field work.

4.3 Ripley’s L index analysis

The method of Ripley’s L index analysis was first introduced
into home by Hou and Han (1997) and Zhang (1998), and
employed in vegetation pattern analysis. Hou and Han (1997)
pointed out that this method was capable of detecting
patterns, in that there was no information loss compared
with index-based methods that converted two dimensional
coordinates into either a one-dimensional plot index, or one-
dimensional distance index. When using Ripley’s L index in
analyzing population distribution patterns and inter-specific
relationships at multiple scales, Zhang (1998) found that this
method could detect population patterns and inter-specific
relationships at multiple scales with results that were plain
and intuitive, and that were better in accordance with actual-
ity. Point pattern analysis can detect clump scale, and reveal
more truthful characteristics of distribution patterns for a
population at finer scales, and thus is more effective than such
methods as Variance/Mean ratio, Morisita dispersion index or
nearest neighbor analysis. However, few researches applying
point pattern analysis have been reported (Zhang and Meng,
2004) at home. The underlying reasons are probably its
complex process of edge effects correction, or its daunting
Monte Carlo techniques for significance tests coming with
this method.

Therefore, when analyzing the anisotropic distribution
pattern of P. massoniana populations by employing Ripley’s
L index, this paper obtained its multi-scale characteristics
in different directions, and carried out synergic analyses of
direction dependence and scale dependence. The paper also
used an analytical method for determining the 95% confi-
dence envelopes so as to simplify the process of significance
tests.

Acknowledgements This paper was supported by the National Natural
Science Foundation of China (Grant No. 30370254).



References

Besag J (1977). Contribution to the discussion of Dr Ripley’s paper.
Journal of the Royal Statistical Society, Series B 39: 193195

Hou XY, Han J X (1997). Simulation analysis of spatial patterns of main
species in the Korean-pine broadleaved forest in Changbai Mountain.
Acta Phytoecologica Sinica, 21(3): 242-249 (in Chinese)

Keitt T H (2000). Spectral representation of neutral landscape.
Landscape Ecology, 15: 479-493

Lichstein J W, Simons T R, Shriner S A, Franzreb K E (2002). Spatial
autocorrelation and autoregressive models in ecology. Ecological
Monographs, 72: 445-463

Ripley B D (1977). Modelling spatial patterns. Journal of the Royal
Statistical Society. Series B 39: 172-212

Rosenberg M S (2004). Wavelet analysis for detecting anisotropy in
point patterns. Journal of Vegetation Science, 15: 277-284

Stamp N E, Lucas J R (1990). Spatial patterns and dispersal distances of
explosively dispersing plants in Florida sandhill vegetation. Journal
of Ecology, 78: 589—-600

Tang M P, Tang S Z, Lei X D, Zhang H R, Hong L X, Feng Y M (2003).
Edge correction of Ripley’s K(d) function on population spatial

361

pattern analysis. Acta Ecologica Sinica, 23(8): 1533-1538 (in
Chinese)

Wang BY, Yu S X (2005). Multi-scale analyses of population distribu-
tion patterns. Acta Phytoecologica Sinica, 29(2): 235-241 (in
Chinese)

Wu J, Shen W, Sun W, Tueller P T (2002). Empirical patterns of the
effects of changing scale on landscape metrics. Landscape Ecology,
17: 761-782

Yu S X, LiY, Wang Y F, Zhou C F (2000). The vegetation classification
and its digitized map of Heishiding Nature Reserve, Guangdong. 1.
The distribution of the vegetation type and formation. Acta Sciential-
rum Naturalium Universitatis Sunyatseni, 39(2): 61-66 (in Chinese)

YuS X, Zong G W, Chen ZY, Zang R G, Yang Y C (1998). Comparison
of ecological entropy with random and systematic sampling. Acta
Phytoecologica Sinica, 22(5): 473480 (in Chinese)

Zhang J T (1998). Analysis of spatial point pattern for plant species. Acta
Phytoecologica Sinica, 22(4): 344-349 (in Chinese)

Zhang ] T, Meng D P (2004). Spatial pattern analysis of individuals in
different age-classes of Larix principis-rupprechtii in Luya mountain
reserve, Shanxi, China. Acta Ecologica Sinica, 24(1): 35-40 (in
Chinese)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


