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Crustose lichen communities on rocks exhibit fascinating spatial mosaics resembling political maps of nations or
municipalities. Although the establishment and development of biological populations are important themes in ecology,
our understanding of the formation of such patterns on the rocks is still in its infancy. Here, we present a novel model of the
concurrent growth, establishment and interaction of lichens. We introduce an inverse technique based on Monte Carlo
simulations to test our model on field samples of lichen communities. We derive an expression for the time needed for a
community to cover a surface and predict the historical spatial dynamics of field samples. Lichens are frequently used for
dating the time of exposure of rocks in glacial deposits, lake retreats or rock falls. We suggest our method as a way to
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Introduction

Lichens are composite organisms of fungi and algae (mycobionts
and photobionts) living in a symbiotic relationship [1] possibly
including bacterial microsymbionts [2]. This form of relationship
is believed to be as old as 600 million years [3]. The photobiont,
commonly a unicellular green alga, 1s situated in a matrix of fungal
hyphae which keep the overall organism (the lichen thallus)
coherent and attached to the substrate. Lichens may reproduce by
propagules containing the intact symbiosis (e.g. soredia, isidia,
thallus fragments) or by asexual fungal conidia or sexually
generated fungal spores which need to link up with an alga in
nature to re-establish the symbiosis [4]. With the exception of a
few parasitic lichen species, lichens do not establish themselves on
top of pre-existing lichen individuals. Lichens exhibit many growth
forms but one major group dominating rock surface habitats are
the crustose lichens, thalli closely attached to the substrate,
growing radially outwards from the point of establishment
(nucleation). Crustose lichens have indeterminate growth, i.e. they
grow until they meet other lichens or some other kind of
environmental obstacle. When a crustose lichen meets another, a
contact boundary is formed, and if the lichens are competitively
equal these boundaries may remain stable over time. The slow
growth of crustose lichens have however so far been a major
obstacle to obtaining data on the temporal dynamics of such
borders and possible intra- or interspecific competitive hierarchies.

The collective growth of adjacent crustose lichens form a
complex pattern with similarities to the patterns formed by
Voronoi tessellations of space, see Fig. 1, and this model has been
used to analyze interactions in some foliose lichens where thalli
can overgrow each other and effectively compete for light [5,6]. In
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crustose lichens the map pattern formed is the result of a
dynamical process where individual species compete for unoccu-
pied surface to establish themselves, grow and reproduce. Here we
propose a model of the full dynamics of lichen communities and
test it on numerical simulations and field samples of lichens.

Results

Growth model

On sufficiently smooth surfaces, lichens grow radially from their
points of establishment and may after some possible transient for
small radii [7,8] be assumed to have radii proportional to their
age. This is consistent with population growth and spreading
models such as Fisher’s equation where, although the dynamics
might be rather complicated [9], populations spread with
characteristic velocities. During the growth of existing lichens,
new individuals nucleate in the uncovered space from diaspores
dispersed by nearby or remote lichens and where lichens meet,
networks of contact boundaries start to form (marked by black
lines in Fig. 1B). Our model is formulated in terms of the
competition for unoccupied space and an expression will be
derived for the time it takes to reach full coverage. For that
purpose, we first consider the dynamics of lichens located on a
long strip, i.e. the growth is confined to one dimension. The
uncovered space between two lichens with growth velocities v; and
v will contract at an overall velocity v; 4+ v2. However, as seen in
Fig. 2, the contraction is further accelerated by the introduction of
a new lichen with growth velocity v3 in the gap, that is the gap is
divided in two regions which again will contract with the new
velocities v; +v3 and v, +v3. We now consider the simultaneous
evolution of many such gaps on the long strip. The average
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Figure 1. Photographs of lichen communities. A) Photograph of a partially covered rock which has been exposed for approximately 60 years
(when a nearby road was built). The diameter of the lens cap is approximately 6 cm. B) Picture of a rock completely covered by lichens. Both rocks
have been located in an open pine forest at 700 m altitude in Oppland, Norway.

doi:10.1371/journal.pone.0012820.g001

number of gaps of size x per unit length at a time ¢ is given by the
function u(x,#). We assume that lichens nucleate in the unoccupied
space at a rate f§ (in units of [time] [length] ) and grow
approximately by an average velocity /2 (m units  of
[length]/[time]), i.e. our model contains two parameters only.
The simplification of using the same velocity for all lichens is
justified as long as the intra-species variability is sufficiently small.
We then arrive at the following integro-differential equation for
the evolution in time of u(x,?),

Gu(x,t)
ot

6u(x t)

— Bxu(x, t)+2/3j u(x',H)dx’. (1)

The first term on the right hand side describes the continuous
shrinking of gaps, the second term describes the number of gaps of
size x which are divided by the nucleation of new lichens and the
last term describes the number of gaps of size x produced from the
division of gaps of size X' > x. In general, a gap of size X' >x can
by the nucleation of a lichen provide a gap of size X in two ways
which explains the factor 2 in the equation. Population balance
equations similar to Eq. (1) have been used to describe a wide
range of phenomena, including the dynamics of microtubules [10],
size distribution of « helices [11] and grain growth [12]. Starting
with one big gap of size Uy, Eq. (1) has a solution on the form

Nucleation

> el

Figure 2. Model of lichen growth and establishment. New
lichens are nucleated in the space between existing lichens at a rate f.
The ongoing nucleation greatly accelerates the overall rate at which the
unoccupied space is being covered.
doi:10.1371/journal.pone.0012820.g002
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u(x,t)= Up(B0)? exp (— pix — i /2). )

Here we are interested in knowing the time it takes to cover fully
an area, which is the same as knowing the time it takes for the
unoccupied area to vanish. The total gap size U(¢) follows from an
mtegration of the distribution over all gap sizes
U= J," xu(x,t)dx= Uy exp (—afr*/2).

From this equation we find that a given coverage U*/Uj (in
percent of initial gap size) of the strip is reached at a time #;p given
by the expression

o= %log(Uo/U*)- (3)

From Eq. (2) we also find an expression for the average size £ of a
lichen, which is the length of the system divided by the total
number of lichens introduced. The number of lichens follows from
an integration over time of fU(#)/Up and the reciprocal of this
integral is the average size, £=1/(2a)/(nf})

If the dynamics is now happening on a two dlmensmnal surface,
the nucleation rate f will have units of [length] ™ [tlme] and by
dimensional analysis it is predicted from the one-dimensional analysis
that the time to reach a given coverage U* /Uy where Up and U*
now denote initial and final areas in units of [length] ) is given by

13
z2D=( ﬂlog(Uo/U*) . (4)

Similarly, the total area is expected to evolve according to an
equation on the form

A=A [1— exp(— 2Bt [2)]. (5)

We have tested the forms of Egs. (4) and (5) by numerical simulations
(see Figs. 3 and 4) using two versions of an off-lattice growth model. In
both simulations, it has been assumed that new lichens nucleate in the
unoccupied space U(?) at a rate f§ such that the expected number of
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Figure 3. Scaling of the time needed to cover an area. The
characteristic time #,p (in arbitrary units) is shown on double
logarithmic axes and as function of 2. The points and corresponding
error bars are computed using the particle production model outlined
in the Materials and Methods section. The straight line is the behavior
predicted from the model Eq. (4).
doi:10.1371/journal.pone.0012820.9003
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Figure 4. Evolution of the area covered by a lichen community.
We compare the predicted evolution of covered area in the field sample
shown in Fig. 1A with the model Eq. (5) marked by the line. Each point
represents the total area covered at the time of nucleation of a new
lichen and is computed from the Monte Carlo simulations. The points
are averaged over 7 different runs of the algorithm on the same sample
using random initial configurations and the corresponding error bars
(standard deviation) are shown at representative points.
doi:10.1371/journal.pone.0012820.9g004
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lichens introduced at any given time is fU(¢). In one simulation the
lichens expand uniformly from their point of nucleation with
velocities vy which are species-dependent. Locally, the growth
continues in the unoccupied space and stops when another lichen
boundary is met. The other simulation is inspired by an off-lattice
Eden growth model [13]. Here a lichen consists of a number of
particles that multiply at a rate o/2. The particle production occurs
only in the empty space, i.e. new particles will not overlap with
preexisting particles and the growth will be limited to the perimeter of
the lichens. More details on the algorithm is provided in the Materials
and Methods section.

Predicting the dynamical history

Fig. 1B shows a rock covered with a community of N =319
lichens and M =7 species. The species have been identified and
are in Fig. 5A marked by synthetic colors. The corresponding
names are given in Table 1. We now introduce a technique for
estimating the dynamical history of a general community.

The final pattern of a community is determined by the
nucleation points (X;,);), nucleation times, #;, and growth rates,
v, of different lichen species, where the subscript i€{1,2,...,N}
runs over the number N of individuals and s over the number M
of species s€{1,2,....,M}. For simplicity, we shall neglect the
influence of variations in the local environment and assume that
the growth rates only vary from species to species and not within
one species. For realistic population sizes of the lichens it quickly
becomes intractable to determine the initial conditions by brute
force and we shall therefore implement a Monte Carlo method.
The error of our estimate of the initial conditions is calculated by
summing the mismatch in coverage of individual lichens {Q,»},{V:l
computed by Monte Carlo simulations and the original coverage
{Q2#}N | In our algorithm €; is given by the set of pixels that
constitute a fully developed individual. Our method is implement-
ed as follows, first we seed the algorithm by a guess of the initial
condition. From the seed data, we then generate the correspond-
ing lichen pattern and compare it with the real pattern. The
mismatch in coverage of the individual lichens is computed and
used to update the estimate of the initial conditions. During the
update, noise is added to the estimate in order for the algorithm
not to get stuck in a suboptimal configuration. Finally, with the
updated estimate the algorithm starts over again.

The nucleation sites, nucleation times and growth rates of
individual lichens in a natural sample e.g. the one shown in Fig. 5A
can be estimated using the aforementioned Monte Carlo method.
The growth velocities are estimated relative to the fastest growing
species in the community and therefore to get the real velocities
the predictions have to be scaled with a known velocity for one of
the species. One way to find real velocities is to identify species on
partially covered rocks such as the one shown in Fig. 1B. Here we
take a typical velocity to be approximately 0.1 mm/year
(consistent with growth rates reported in [8]) and thus arrive at
an estimated coverage time of 240430 (s.d) years for the sample
shown in Fig. 5A. In Fig. 5B we have used the estimated
parameters for the individual lichens to run the forward dynamics.
The difference between the model prediction and the real pattern
1s shown in Fig. 5C, where the black and white regions are regions
where the predicted coverage is erroneous respectively correct.
The mismatch is approximately 10% and can to a large extent be
accounted for by the natural fluctuations in the contact boundaries
which our method cannot resolve. Four stages of the temporal
evolution leading to Fig. 5B are shown in Fig. 6. It is observed that
initially almost none of the adjacent individuals are in contact and
only at times when most of the lichens are nucleated do we start to
see contours of the final boundary network. In Fig. 4 the predicted
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Figure 5. Quality of the prediction of the dynamical history. Panel A), synthetic image of a part of the pattern in Fig. 1B 12 x 9 cm?. Panel B),
the model prediction of pattern A). Panel C), comparison between prediction and observation.

doi:10.1371/journal.pone.0012820.g005

coverage in time of the real sample is compared to the model
prediction, Eq. (5).

Even though our model only has two parameters and one
parameter is fixed by the average velocity, we find that it fits the
temporal evolution of the area coverage very well. Using the
coverage time computed by the Monte Carlo simulation, we are
able to estimate the nucleation rate f§ by Eq. (5), i.e. for the sample
considered here, we find that historically there has been

approximately 50-100 new lichens forming per meter? per year.

Discussion

In general, the spatial evolution of crustose lichen communities
is controlled by species specific growth rates and a rate for how
often new lichens are established in unoccupied areas. We find
that on the scale of 10 cm an isotropic nucleation rate provides a
very good fit to field samples. In other words, the establishment of
new lichens is not dominated by spores dispersed by nearest
neighbors. In general, dispersal mechanisms such as wind and
water flows operate over long distances and can account for
floristic affinities between even remote landmasses [14].

Table 1. List of species presented in Fig. 5A and
corresponding growth velocities relative to the fastest
growing species.

Species Color Relative velocity
Bellemerea alpina (Sommerf.) Clauzade & Roux yellow 0.80

Bellemerea cinereorufescens (Ach.) Clauzade &  cyan 1.00

Roux

Rhizocarpon geographicum (L.) DC. purple 0.55

Rhizocarpon polycarpum (Hepp) Th. Fr. grey 0.98

Lecanora polytropa (Hoffm.) Rabenh. red 0.63

Lecanora intricata (Ach.) Ach. green  0.71

Aspicilia sp. blue 0.86

In the Monte Carlo simulations the velocities are always computed relative to
the fastest growing species and therefore in order to achieve the real velocities,
we must calibrate the values in the table with a known velocity of at least one
species.

doi:10.1371/journal.pone.0012820.t001
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Although crustose lichens, if undisturbed in their growth, cover
areas proportional to the square of their age, we find that the
uncovered area retracts super-exponentially in time due to the
establishment of new lichens. In lichenometric dating, the age of a
community is usually estimated by measuring the diameters of
individual lichens [15] or doing statistics over multiple lichens
[16], however, in densely populated communities this will
systematically underestimate the age by not taking into account
the formation of stationary contact boundaries. In fact, we show
that the time needed to reach a given coverage is a non-trivial
function of both the vegetative propagation and the establishment
of new lichens. If there were no nucleation, the coverage time
would simply be inversely proportional to the growth velocity.
That being said, the competitive advantage of being able to
nucleate in remote areas is clearly emphasized by the resulting
acceleration, predicted by Eq. (4), of coverage with time.

Materials and Methods

In the Monte Carlo method, the spatial configuration of a given
lichen community is computed from the estimated nucleation
points (x;,y;), nucleation times, f;, and growth rates, vy of the
individual lichens in the following way. First we create a map using
a square lattice with a resolution identical to that of the image of
the lichen community. Then the evolution of the community is
followed locally by letting each point on the map represent the
shortest time it takes for lichens nearby to reach that point. We
only track the time needed to reach points which are less than 5
lattice units away from existing lichens (in that way, we follow a
method similar to the principles of Huygens wave propagation,
where the lichen front represents the wave front and the distance
map represents the secondary point waves). We update the
evolution of the lichens iteratively, with the condition that the front
cannot move more than one lattice unit in one iteration. When the
local front of a lichen passes an unoccupied lattice point it is
marked as part of the lichen. Other lichens reaching the same
lattice point, but at a later time, will not change the state of the
grid point, and the lichen front advancement in that direction is
halted. The nucleation of new lichens at later stages in the
evolution is simply represented by a local marking of a lattice
point.

In addition to the algorithm used in the Monte Carlo
simulation, we have implemented an off-lattice stochastic com-
puter model mnspired by the Eden growth model. In this model,
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Figure 6. Snapshots of the temporal evolution of a lichen community. The evolution is estimated from applying the inverse method
outlined in the text to a real sample of lichens. The snapshots are taken at A) 30%, B) 40%, C) 60% and D) 80% of the time needed for total coverage.

doi:10.1371/journal.pone.0012820.9006

lichens are made up of small non-overlapping spherical particles
with a radius d. At time #=0, we place a seed particle at a point in
space (where space here refers to a square of unit size and with
periodic boundary conditions). New particles are then introduced
at random points in the neighborhood of the seed particle (at at
distance 29) and at a given rate (equivalent to the growth velocity).
The introduced particles all act as new seed particles and multiply
with the same rate as the mother particle. A particle can only
multiply if there is an empty site next to it that is, a new particle
does not overlap with any of the existing particles. In addition to
the particle production, we also nucleate new seed particles with a
rate f§ at random positions in space. The family of particles
growing from different nucleation sites are marked with different
colors and may have different multiplication rates. If a nucleation

References
1. Nash TH, IIT (2008) Lichen Biology, 2nd ed. Cambridge: Cambridge University

Press.

2. Grube M, Cardinale M, de Castro JJV, Mueller H, Berg G (2009) Species-
specific structural and functional diversity of bacterial communities in lichen
symbioses. ISME Journal 3: 1105-1115.

3. Yuan X, Xiao S, Taylor TN (2005) Lichen-like symbiosis 600 million years ago.
Science 308: 1017-1020.

4. Bowler PA, Rundel PW (1975) Reproductive Strategies in Lichens. Botanical
Journal of the Linnean Society 70: 325-340.

5. Sletvold N, Hestmark G (1999) A comparative test of the predictive power of
neighbourhood models in natural populations of Lasallia pustulata. Canadian
Journal of Botany 77: 1655-1661.

6. Ramstad S, Hestmark G (2000) Effective neighbourhoods for a saxicolous lichen.
Mycological Research 108: 198-204.

7. Benedict JB (2008) Experiments on Lichen Growth, III. The Shape of the Age-
Size Curve. Arctic, Antarctic, and Alpine Research 40: 15-26.

8. Armstrong R, Bradwell T (2010) Growth of crustose lichens: a review. Geogr
Ann Ser A-Phys Geogr 92: 3-17.

9. van Saarloos W (2003) Front propagation into unstable states. Phys Rep 386:
29-222.

@ PLoS ONE | www.plosone.org

site is chosen on top of existing particles it is disregarded, i.e. the
average number of nucleation events in a time step is proportional
to the unoccupied area. Locally we construct a map of nearby
particles, such that when new particles are introduced, we only
have to check for available space between local particles. The data
in Fig. 3 were generated using 6 =0.0001.

Author Contributions

Conceived and designed the experiments: E] AN GH ET JM. Performed
the experiments: EJ] AN GH ET JM. Analyzed the data: EJ AN GH ET
JM. Contributed reagents/materials/analysis tools: E] AN GH ET JM.
Wrote the paper: E] AN GH ET JM.

10. Flyvbjerg H, Holy TE, Leibler S (1994) Stochastic Dynamics of Microtubules: A
Model for Caps and Catastrophes. Phys Rev Lett 73: 2372-2375.

11. Ferkinghoff-Borg J, Jensen MH, Mathiesen J, Olesen P, Sneppen K (2003)
Competition between diffusion and fragmentation: An important evolutionary
process of nature. Phys Rev Lett 91: 266103.

12. Mathiesen J, Ferkinghoff-Borg J, Jensen MH, Levinsen M, Olesen P, et al. (2004)
Dynamics of Crystal Formation in the Greenland NorthGRIP Ice Core.
J Glaciology 50: 325-328.

13. Kuennen E, Wang CY (2008) Off-lattice radial Eden cluster growth in two and
three dimensions. J Stat Mech 05: P05014.

14. Munoz J, Felicisimo A, Cabezas F, Burgaz A, Martinez I (2004) Wind as a Long-
Distance Dispersal Vehicle in the Southern Hemisphere. Science 304:
1144-1147.

15. Bradwell T (2009) Lichenometric dating: a commentary, in the light of some
recent statistical studies. Geogr Ann Ser A-Phys Geogr 91: 61-69.

16. Jomelli V, Grancher D, Naveau P, Cooley D, Brunstein D (2007) Assessment
study of lichenometric methods for dating surfaces. Geomorphology 86:
131-143.

September 2010 | Volume 5 | Issue 9 | 12820




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 300
  /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 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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


