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MORPHOLOGICAL VARIABILITY OF SEEDS AND FRUITS OF
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The paper reports a morphological study of fruits and seeds of Ruscus hypoglossum L., a species interesting as
an ornamental plant. Initially, the length, width and weight of fruits as well as seeds were measured in 14 natu-
ral populations growing in Croatia. The length/width ratios of fruits and seeds were calculated, as well as the
fruit/seed ratios of length, width and weight. Interannual differences in the analyzed traits over three years were
compared in two populations. The most promising populations for further selection for ornamental use were the
Bilogora population with the largest fruits (length 12.30 mm, width 11.56 mm, weight 0.75 g) and the
Strahinsc¢ica population with the roundest fruits (length/width 1.04). The average number of seeds per fruit for
the populations was 1.40. Variability between the three years was minor for fruit traits but significant for seed

traits.
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INTRODUCTION

Ruscus hypoglossum is an evergreen, dioecious and
rhizomatous perennial with a simple, suberect or
slightly spreading stem, growing up to 40 cm high. It
is a species of southeastern and eastern Central
Europe, found in northwestern Italy, Austria,
Bulgaria, former Czechoslovakia, Greece, Hungary,
former Yugoslavia, Romania, Crimea and the
European part of Turkey (Yeo, 1980). The species
reaches the northern limit of its geographical range in
southwestern Slovakia in the Malé Karpaty Mits.
(Halada and Erdelska, 2005). Of the countries of for-
mer Czechoslovakia and former Yugoslavia, Ruscus
hypoglossum inhabits Slovakia, Slovenia, Croatia,
Bosnia and Herzegovina, Serbia and Macedonia.

It is a vulnerable species and protected by law
in many countries in its area of natural distribution
(Niklfeld and Schratt-Ehrendorfer, 1999;
Rakonzcaj, 1990; Regula-Bevilaqua, 1994; Vangjeli
et al., 1995; Shelyag-Sosonko, 1996; Halada and
Ferakova, 1999). In Croatia it was first listed as vul-
nerable (Regula-Bevilaqua, 1994), but the more
recent Red List of threatened plants and animals of
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Croatia classifies it as a near-threatened taxa
(Nikoli¢ and Topié¢, 2004).

R. hypoglossum is naturally distributed in the
continental and Mediterranean region of Croatia. It
grows mainly in mesophytic mountain forests of
common beech (Fagus sylvatica L.) and less in
thermophilic forests (Regula-Bevilaqua, 1994). It is
a very attractive but very rare ornamental species in
parks and gardens in Croatia. There is no commer-
cial production of R. hypoglossum in Croatia, and it
is not imported either, so the demand is satisfied by
collecting the species in the wild.

The aim of this research was to examine the
morphological variability of fruits and seeds of
R. hypoglossum in Croatia as a first step for selec-
tion for ornamental purposes.

MATERIAL AND METHODS
STUDY SITE

According to Képpen's (1936) classification, the cli-
mate of the western part of the study area (popula-
tions VJ and VGD) is of climatic type Cfsb"x": mod-
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TABLE 1. Location and altitude of studied Ruscus hypoglossum L. populations”

Population (Abbreviation) Latitude; Longitude (ﬁi uati(.if) anlzlligl(gie;rifi ts mﬁ};gg?fg;f ds
Vrbovsko - Japlenica (VJ) 45°20' N; 15°01' E 706 10 14
Vrbovsko — Gluhe Drage (VGD) 45°20' N; 15°01'E 726 100 100
Skupica (8) 45°29' N; 15°32' E 110 10 16
Zumberak (Z) 45°47' N; 15°40' E 479 100 100
Vrhovcak (V) 45°48' N; 15°42' E 190 100 100
Falscak (F) 45°40' N; 15°45' E 151 100 100
Strahinscica — Gorjak (SG) 46°11'N; 15°54' E 382 100 100
Medvednica (M) 45°54' N; 15°55' E 261 100 100
Gornji Dragonozec (GD) 45°38' N; 15°56' E 206 100 100
Persinovec (Pe) 45°39' N; 15°58'E 107 100 100
Kalnik (K) 46°07' N; 16°35' E 255 100 100
Bilogora (B) 45°57' N; 17°00' E 224 100 100
Papuk (Pa) 45°30'N; 17°47'E 790 19 25
Oriovac (O) 45°12'N; 17°52' E 135 100 100

"Fruits were collected by permission of the Ministry of Culture of the Republic of Croatia.

erately warm, rainy and without a dry period.
Precipitation is marked by two maximums, in early
spring and late autumn. The climate of the north-
western part of the study area (populations S, Z, V, F,
SG, M, GD, Pe, K, and B) is of climatic type Cfwb"x":
moderately warm, rainy, without a dry period, and
with precipitation uniformly distributed throughout
the year. The least rain falls in the cold part of the
year. The climate of the eastern part of the studied
area (populations Pa and O) is of climatic type
Cfwb"x": temperate, rainy, and with one pronounced
precipitation maximum. The summers are warm,
without a dry period, and precipitation gradually
decreases towards the east. There is a significant
influence of cold easterly winds in the winter period.

Mesozoic limestones and dolomites with out-
crops of silicate and silicate-carbonate clastites
dominate in habitats of R. hypoglossum in the west-
ern part of the researched area. Cambisol on lime-
stone and luvisol prevails on these substrates.
Easily weathered substrates predominate in the
soils of the north and northwest regions. They are
mostly various unconsolidated clastites, marls,
sandstones and metamorphic rocks. Eutric or dys-
tric cambisol and luvisol prevail on these substrates.

PLANT MATERIAL

Fruits were collected in 2005 from 14 randomly
selected populations within the natural distribution
area of R. hypoglossum in Croatia (Tab. 1). Length,
width and weight of fruits and seeds were measured.
The length/width ratios were calculated for fruits
and seeds, as well as the fruit/seed ratios for length,
width and weight. A higher ratio indicates narrower
fruits (or seeds), while lower ratios indicate rounder
fruits (or seeds). The fruits/seeds used for analysis

of interannual variability were collected from popu-
lations V and F. The number of analyzed fruits from
population F was 100 (2005), 57 (2006) and 100
(2007), while from V population the number was
100 (2005), 40 (2006) and 100 (2007).

DATA ANALYSIS

Descriptive statistics were done for all traits. The
results were evaluated using the unweighted pair-
group method with arithmetic means (UPGMA) with
Euclidean distance (D). UPGMA generally yields the
most accurate results for classification purposes.
Before cluster analysis each variable was standardized
(Sneath and Sokal, 1973; Hartigan, 1975; Mook et al.,
1992; Miller and Miller, 2000). Differences between
populations were analyzed by the general linear mod-
els (GLM) procedure and Scheffé's post-hoc test at
p < 0.05. Between-year differences in yield were ana-
lyzed by GLM using a nested design (years nested in
populations) of ANOVA and Scheffé's post-hoc test at
P < 0.05. The statistical analyses employed Statistica 7
(StatSoft Inc., Tulsa, OK, USA).

RESULTS

Figure 1 gives descriptive statistics for the analyzed
fruit and seed traits of R. hypoglossum, which are
the most important characters for further selection
for ornamental purposes.

Fruits were largest (length 12.30 mm, width
11.56 mm) and heaviest (0.75 g) in population B,
and smallest (length 9.89 mm, width 8.55 mm) and
lightest (0.46 g) in population Pa. Population SG had
the roundest fruits (length/width 1.04), while popu-
lations M and Pa had the narrowest ones
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Fig. 1. Descriptive statistics for the most important traits
of Ruscus hypoglossum fruits and seeds. For abbrevia-
tions see Table 1.

(length/width 1.15). The most variable trait was fruit
weight (CV = 31.75%), and the least variable was
fruit width (CV = 11.65%).

VGD

1 2 3 4 5 6
Euclidean distance
Fig. 2. UPGMA dendrogram of 14 Croatian wild populations
of Ruscus hypoglossum. For abbreviations see Table 1.

Seed length ranged from 4.72 mm in population
K to 7.06 mm in population B, and seed width
ranged from 4.74 mm in population VGD to 7.80
mm in population B. Seeds were heaviest (0.26 g) in
population GD and lightest (0.10 g) in population
VJ. The most variable trait was seed weight (CV =
35.34%), while the least variable was seed length
(CV = 16.84%). Seed traits were generally more
variable than fruit traits.

The number of seeds per fruit ranged from 1.36
(VGD, S, Z, GD, Pa, O) to 1.52 (M). The calculated
ratio ranged from 0.42 (K) to 0.61 (S) for seed/fruit
length; from 0.50 (VGD and S) to 0.70 (Z) for
seed/fruit width; and from 0.19 (V) to 0.42 (GD) for
seed/fruit weight.

The ANOVA results for interpopulational vari-
ability of the analyzed traits are shown in Table 2
(fruit) and Table 3 (seeds). Population B differed sig-
nificantly in fruit length, width and weight from
most other populations (Tab. 2). Interpopulational
variability was generally greater for seed traits than
for fruit traits. The majority of populations showed
significant differences for all analyzed seed traits
(Tab. 3).

UPGMA of the analyzed fruit and seed traits
separated the R. hypoglossum populations as
shown in Figure 2. The most dissimilar populations
are F and B, which form one cluster at Euclidean
distance 2.03. Fruits and seeds are the largest in
these two populations. At Euclidean distance 5.79
this cluster is connected to the group of the remain-
ing populations. The most similar populations are
VJ and Pe (D = 1.53).

Analysis of fruit traits over three years showed
minor between-year variability in two populations
during that period (Tab. 4). Differences for fruit
characteristics were significant only between F 2005
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TABLE 2. Between-population variability for fruit length (A), width (B), weight (C), and length/width ratio (D). Asterisk
next to letter indicates significance at p<0.05. For abbreviations see Table 1.

f:gl’;ln vJ  VGD s z \% F sSG M aD Pe K B Pa O
vJ

VGD  ABCD

S ABCD ABCD

z ABCD ABCD ARCD

v ABCD A*B*CD ABC'D AB*CD

F ABC*D A*B*C*D ABCD A*B*C*D ABCD

sa ABCD AB*C*D ABCD ABCD ABCD AB*C*D

M ABCD ABCD* ABCD ARCD AB*C*D AB*C*D* AR*CD*

ap ABC*D A*B*CD ABCD AB*C'D ABC'D ABCD ABC*D AB*CD

Pe ABCD ABCD ABCD ABCD AB“<CD AB*C*D ABCD* ABCD ABC*D

K ABCD A*B*CD ARCD ABCD ABCD ABCD ABCD ABCD  ABC™D

B AB'CD A*B*CD ABCD A®B*C*D AB*C*'D ABCD AB*C*D A*B*C*D* A*B*CD A*B*C*D AB*C*D

Pa ABCD ABCD AB*CD AB*CD AB*CD AB'C*D AB*CD ABCD ABR*CD AB*CD AB*CD AB*CD

o ABCD ABCD ABCD ABCD ABCD AB*C*D ABC*D ABC'D ABCD ABCD ABCHD AB*C*D AB*CD

TABLE 3. Between-population variability for seed length (A), width (B), weight (C), and length/width ratio (D). Asterisk
next to letter indicates significance at p<0.05. For abbreviations see Table 1.

Popu-
R VGD S Z \ F SG M GD Pe K B Pa O
lation
vJ
VGD ABCD
S ABCD ABCD
Z AB*CD AB*CD* A*B*CD*
\% ABCD AB*CD* A*BC*D* AB*CD*
F A*B*C*D A*B*C*D* AB*CD* A*B*C*D A*B*C*D
SG ABCD AB*C*D* ABCD* ABCD* A*BC*D A*B*C*D
M ABCD A*B*C*D* A*B*CD* A*BCD AB*C*D* A*B*C*D* A*BCD*
GD A*BC*D A*B*C*D ABC*D A*B*C*D* A*BC*D* AB*CD* A*B*C*D* A*B*C*D*
Pe ABCD AB*CD* A*BCD* AB*CD* ABCD A*B*C*D ABCD A*B*CD* A*BC*D*
K ABCD* A*B*CD* A*B*CD* A*BCD A*B*CD* A*B*C*D* A*BCD* ABCD A*B*C*D* A*B*CD*
B A*B*C*D A*B*C*D* AB*CD* A*B*C*D A*B*C*D ABCD A*B*C*D A*B*C*D* A*B*CD* A*B*C*D A*B*C*D*
Pa ABCD AB*CD* A*BCD* AB*CD ABCD A*B*C*D A*BCD ABCD A*BC*D* ABCD ABCD A*B*C*D
O ABC*D A*B*C*D ABCD A*B*C*D* A*BC*D* A*B*C*D* AB*C*D* A*B*C*D* ABC*D A*BC*D* A*B*C*D* A*B*C*D* A*BCD*

and F 2006. Fruit showed stability of traits during
the three-year period, but seed traits were more
variable. For seed weight, all differences were signif-
icant except between F 2005 and F 2007.

DISCUSSION

In general, wild populations of R. hypoglossum were
shown to vary more in seed traits than in fruit
traits. It was the same with interannual variability:
fruit traits proved more stable than seed traits over
the three-year period. Both between populations
and between years, fruit and seed weight varied
more than fruit and seed dimensions. Since seed

weight is generally considered the least plastic of
plant traits (Harper, 1970), the high variability of
seed weight (CV = 35.34%) was unexpected.
Turnbull et al. (2006) reported much lower (CV =
25%) average variability of seed weight for 63
species reviewed from the literature. Generative
organs, including seeds, are organs with relatively
constant features (Szkudlarz, 2003), but in our
research we found variability in both fruit and seed
characteristics, with seed traits demonstrating
larger interpopulational and interannual variabili-
ty. Interpopulational variability of seed and fruit
traits has also been reported in different species
(Ngulube et al., 1997; Ali Ghars et al., 2006;
Goulart et al., 2006). In accord with our results,
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TABLE 4. p values from Scheffé post-hoc test for interan-
nual differences in fruit and seed traits during three years
in two populations (V and F) of R. hypoglossum. Asterisks
indicate significance at p < 0.05

Population ;5005 v o006 F2005  F 2006
/Year

Fruit length

V 2005

V 2006 0.9782

V 2007 0.8513 0.5029

F 2006 0.1083

F 2007 0.9998 0.0632
Fruit width

V 2005

V 2006 0.9948

V 2007 0.6788 0.4615

F 2006 0.0370*

F 2007 0.9262 0.2592
Fruit weight

V 2005

V 2006 0.9996

V 2007 0.4225 0.8034

F 2006 0.6992

F 2007 0.7015 0.1023
Seed length

V 2005

V 2006 0.0000*

V 2007 0.0000* 0.0000*

F 2006 0.5747

F 2007 0.9975 0.8200
Seed width

V 2005

V 2006 1.0000

V 2007 0.2970 0.1944

F 2006 0.0000*

F 2007 0.0000* 1.0000
Seed weight

V 2005

V 2006 0.0000*

V 2007 0.0000* 0.0000*

F 2006 0.0473*

F 2007 1.0000 0.0290*

Bednorz (2007) also noted higher variability of size
and shape traits in seeds than in fruits. Seed
weight, which in our study varied the most, was
probably influenced by the environment of the
maternal plants, which together with internal vari-
ables affects seed weight (Krannitz, 1997). Other
reports on fruit and seed trait variability in R.
hypoglossum are lacking, but the data we collected
here are in accord with data on diameter range
(1-2 cm for fruit and 6-8 mm for seed) given by
Halada and Erdelska (2005).

ANOVA showed less interpopulational variabili-
ty for the fruit length/width ratio than for fruit
length, width and weight (Tab. 2). This is to be
expected, since the environment has a greater effect
on plant organ dimensions than on organ shape.
Shape characters give a much better representation
of the phylogenetic and genetic relations between liv-
ing organisms (Reyment, 1985).

Cluster analysis showed that the geographically
nearest populations, VJ and VGD, had somewhat dif-
ferent morphological fruit and seed characteristics.
Possible explanations for these differences could be
the small number of analyzed fruits in VJ population
and/or micro-habitat characteristics. VJ is a very
small population (a few dozen plants) situated on a
small plain. Population VGD is situated in a depres-
sion several kilometers from the VJ population. The
seeds of R. hypoglossum from population VJ were
the lightest, in accord with findings from Buide
(2004), who found that seeds of Silene acutifolia
from the smallest and more isolated population were
the lightest. Both population size and the level of
genetic relatedness among individuals influence
maternal reproductive success (Elam et al., 2006). In
the same way as small population size probably
influenced the fruit/seed characteristics in popula-
tion VJ, the poor health of population Pe (a relative-
ly large population) presumably influenced its ana-
lyzed traits, resulting in high similarity between these
two otherwise rather distant populations.

Annual precipitation decreases towards the east
of Croatia, indicating a certain connection between
morphological traits and the geographical distribu-
tion of R. hypoglossum. However, the UPGMA den-
drogram showed no connection between geographic
position and cluster formation. For example, VGD
(annual precipitation ~1470 mm) and O (annual
precipitation ~700 mm) are less separated than the
westernmost (VJ and VGD) or easternmost (Pa and
O) populations. Nor is there any evident connection
between the analyzed traits and altitude. For exam-
ple, populations VJ and Pa grow at the highest alti-
tude (Tab. 1) but are rather distant according to
UPGMA.

Our results showed considerable variability of
the analyzed morphological traits among wild popu-
lations of R. hypoglossum in Croatia. The high vari-
ability and interannual stability of fruit traits dis-
played by the populations will enable the most inter-
esting populations to be selected for breeding of
ornamental plants. Supporting that effort, the
recorded variability of seed traits will provide the
basis for future research on the influence of seed
size on germination success in this endangered
ornamental species. Popularization of cultivated
varieties of the plant in Croatia should help conserve
it in the wild.



96

ACKNOWLEDGEMENTS

The research was supported by the Ministry of
Sciences, Education and Sport of the Republic of
Croatia (project no. TP-178/85, "Protection of
Ruscus hypoglossum L. through introduction into
cultivation," and project "Micromorphological and
chemotaxonomic researches on some species of
family Lamiaceae"), and by the City Council of
Samobor, Zagreb County, and the City Office for
Agriculture and Forestry.

REFERENCES

ALl GHARS M, DEBEZ A, SMaAoul A, ZARROUK M, GRIGNON C, and
ABDELLY C. 2006. Variability of fruit and seed-oil charac-
teristics in Tunisian accessions of the halophyte Cakile
maritima (Brassicaceae). In: Khan MA, and Weber DJ
[eds.], Ecophysiology of High Salinity Tolerant Plants,
55-67. Springer, Dordrecht.

BEDNORz L. 2007. Morphological variability of fruits and seeds
of Sorbus torminalis in Poland. Dendrobiology 57: 3-14.

BumpE ML. 2004. Intra-inflorescence variation in floral traits
and reproductive success of the hermaphrodite Silene
acutifolia. Annals of Botany 94: 441-448.

ELam DR, RiDLEY CE, GoobpELL K, and ELLSTRAND NC. 2006.
Population size and relatedness affect fitness of a self-
incompatible invasive plant. Proceedings of the National
Academy of Sciences of the United States of America
104: 549-552.

GoULART MF, PIREs LEmos FiLHo J, and LovaTto MB. 2006.
Variability in fruit and seed morphology among and with-
in populations of Plathymenia (Leguminosae-
Mimosoideae) in areas of the Cerrado, the Atlantic for-
est, and transitional sites. Plant Biology 8: 112-9.

HaLapa L, and FERAKOVA V. 1999. Ruscus hypoglossum L. In:
Cetovsky J, Ferakova V, Holub J, Maglocky S, and
Prochazka F [eds.], The Red Book of Threatened and
Rare Plant Species - Vascular Plants. Priroda,
Bratislava.

HaLapa L, and ErDELSkA O. 2005. Reproductive biology of
Ruscus hypoglossum L. in Slovakia. Acta Biologica
Cracoviensia Series Botanica 47: 213-217.

HarpER JL. 1970. The shapes and sizes of seeds. Annual
Review of Ecology and Systematics 1: 327-356.

HarTIGAN JA. 1975. Clustering Algorithms. Wiley, New York.

KoppEN W. 1936. Das Geographische System der Klimate.
Gebriider Borntraeger, Berlin.

Kremer et al.

KranNITZ PG. 1997. Seed weight variability of antelope bitter-
brush (Purschia tridentatata: Rosaceae). The American
Midland Naturalist 138: 306-321.

MILLER JN, and MiiLer JC. 2000. Statistics and
Chemometrics for Analytical Chemistry. Pearson
Education Limited, Essex.

Mook JH, HAECK J, VAN DER ToOORN J, and vaN TIENDEREN PH.
1992. Ecology of Plantago populations. In: Kuiper PJC
and Bos M [eds.], Plantago: A Multidisciplinary Study,
69-87. Springer-Verlag, Berlin.

NGULUBE MR, HAaLL JB, and MAGHEMBE JA. 1997. Fruit, seed
and seedling variation in Uapaca kirkiana from natural
populations in Malawi. Forest Ecology and
Management 98: 209-219.

NIKLFELD H, and ScCHRATT-EHRENDORFER L. 1999. Rote Liste
gefahrdeter Fern- und Blitenpflanzen (Pteridophyta und
Spermatophyta) Osterreichs. In: Niklfeld H [ed.], Rote
Listen Geféhrdeter Pflanzen Osterreichs. Griine Reihe
des Bundesministeriums fiir Umuwelt, Jugend und
Familie, Band 10. Wien.

NikoLi¢ T, and Topri¢ J. 2004. Vascular flora. In: Red List of
Threatened Plants and Animals of Croatia. State
Institute for Nature Protection. Zagreb.

RakONzcAJ Z. 1990. Hungarian Red Data Book. Akademiai
Kiado, Budapest.

REGULA-BEVILAQUA LJ. 1994. Ruscus hypoglossum L. In: Sugar I
led.], Red book of Croatian plant species, 446-447.
Department of environment protection, Zagreb.

REYMENT RA. 1985. Multivariate morphometrics and analysis
of shape. Mathematical Geology 17: 591-609.

SHELYAG-SOSONKO YR. 1996. Red Data Book of the Ukraine,
vol. 1: Vegetable Kingdom. Ukrainskaya Enciklopedia,
Kiev.

SNEATH PHA, and SokaL RR. 1973. Numerical Taxonomy —
The Principles and Practice of Numerical Classification.
W. H. Freeman and Company, San Francisco.

SzKUDLARZ P. 2003. Loiseleuria procumbens: differentiation
of the seed size of some chosen European populations.
Dendrobiology 50: 33-36.

TURNBULL LA, SANTAMARIA L, MARTORELL T, RaLLO J, and HEc-
TOR A. 2006. Seed size variability: from carob to carats.
Biology Letters 2: 397-400.

VancJeLl J, Ruct B, and MuLLay A. 1995. Red Book of
Threatened and Rare Plant Species of Albania.
Akademia e Shkencave e Republikés Sé Shqipérisé &
Instituti I Kérkimeve Biologjike Komiteti I Mbrojtjes Sé
Mjedist, Tirana.

YeO, PF. 1980. Ruscus L. In: Tutin TG, Heywood VH, Burges
NA, Moore DM, Valentine DH, Walters SM, and Webb
DA. [eds.], Flora Europaea, vol. 5, 73. Cambridge Univ.
Press, Cambridge.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages 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 <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


