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General introduction

Pollination, the transfer of pollen grains to the stigma of the plant
gynoecium is a crucial step in the sexual reproduction of flowering
plants. The majority of flowering plants rely on animals for the transfer
of pollen (Nabhan & Buchmann, 1997; Renner, 1988). Because flower vis-
itors gain no direct benefit by pollinating flowers, rewards must lure
them. The most common way plants attract animals to visit their flow-
ers 1s by providing food such as nectar, pollen or oils. While searching
for these rewards in the flower, pollen from the flower’s anthers may
stick to the body of the animal. When the animal visits subsequent
flowers in search of more rewards, pollen from its body may adhere to
the stigma of these flowers and again, new pollen may stick to the body
of the animal.

Flowers differ tremendously in colour, scent, size and shape; and
they are visited by an equally diverse morphological and taxonomic array
of animals. The most common flower visitors are insects belonging to the
orders Hymenoptera, Lepidoptera, Diptera and Coleoptera. But several
species of birds, bats, and other mammals also regularly visit and polli-
nate flowers. A common and longstanding view in pollination biology is
that plants should specialize on a small subset of these visitors in order
to ensure effective pollination. And indeed, despite the huge morpholog-
ical and taxonomical diversity of potential interaction partners, flowers
show trait combinations that seem to reflect the morphology, behaviour
and physiology of certain pollinator types (e.g. Faegri & van der Pijl, 1979).
For example, red coloured, odourless flowers with deeply hidden and
dilute nectar seem to be adapted to hummingbirds or perching birds;
blue coloured bilaterally symmetric flowers with moderately hidden and
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relatively concentrated nectar combined with a pleasant odour are
thought to be adapted to bees. These typical trait combinations (termed
‘pollination syndromes’ in the literature) are found across diverse taxo-
nomic groups of plants and seem to be a result of specialization and con-
vergent evolution.

The prevalence of plants specializing on one taxonomical group of
animals has been questioned, however, because community-level stud-
ies reveal that most plant species are visited by species belonging to dif-
ferent animal orders or even classes (Herrera, 1996; Waser et al., 1996) and
pollination syndromes are not as distinct as they seem to appear
(Ollerton & Watts, 2000). Moreover, the concept of pollination syndromes
depicts only the taxonomic variation among pollinators. Within a taxo-
nomic group there might be a much greater variation in size and behav-
lour than among taxonomic groups. For example, flowers that show the
typical hawkmoth syndrome (pale coloured flowers with a strong, heavy-
sweet perfume which open at night in combination with narrow nectar
tubes with ample nectar) differ in the depth at which the nectar is hid-
den in the flower from a few millimetres up to several centimetres, and
hawkmoths differ to the same extent in the length of their mouthparts
(Agosta & Janzen, 2005; Haber & Frankie, 1989). But not only field studies
question the prevalence of specialization, there are also theoretical
doubts that specialization should always be promoted in nature. Because
relying on one species or type of pollinator causes variable reproductive
success across years, plants might do better to generalize, so long as pol-
linator population sizes vary independently (Waser et al., 1996). In such
cases, a plant may be at an advantage if it attracts several species or
types of pollinators, ensuring sufficient pollen transfer every year.

Doubts about the significance of specialization in plant-pollinator
interactions and about the existence of discrete pollination syndromes
have resulted in a renewed interest in how important and common spe-
cialization actually is, and what kind of traits really determine who vis-
its whom (Waser & Ollerton, 2006). The essential first steps for this re-
evaluation are an objective quantification of the degree of generalization
and specialization and the search for trait combinations that can explain
the whole set of interactions in flower visitation webs, rather than
explaining only restricted portions of such webs. As an indicator of the
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degree of generalization a large number of studies follow a pragmatic
approach and count the number of species that interact with each other,
l.e. the number of visitor species observed on a plant species and the
number of plant species visited by a flower visitor species (e.g. Dupont et
al., 2003; Jordano, 1987; Moldenke, 1975; Olesen & Jordano, 2002; Ollerton
& Cranmer, 2002; Vazquez & Aizen, 2003). I follow this approach even
though it has some drawbacks. Because of the large number of species
normally encountered in community-level studies it is often not possible
to distinguish whether flower visitors are pollinators or visit flowers
without pollen transfer (flower larceny; e.g. Irwin et al., 2001), or whether
flower visitors are effective or non-effective in their pollen transfer. Yet
community studies are a first essential step in the analysis of generaliza-
tion and specialization.

Since the publication of the two influential papers that questioning
the importance of specialization (Herrera, 1996; Waser et al., 1996) a grow-
ing number of studies during the last 10 years has studied interaction
patterns between flowers and flower visitors or reanalyzed existing com-
munity-level studies, with new mathematical and statistical approaches
with exciting results (Waser & Ollerton, 2006). For example, not so long
ago it was considered common sense (at least implicitly) that plant-pol-
linator interactions are symmetric (Vazquez & Aizen, 2004, and refer-
ences therein), i.e. generalists interact mainly with generalists and spe-
cialists with specialists (FiGure 1.1, top). However, community-level stud-
ies revealed that the interactions between plants and flower visitors are
mainly asymmetric (Bascompte et al., 2003; Lewinsohn et al., 2006;
Memmott et al., 2004a; Vazquez & Aizen, 2004), thus specialists interact
primarily with generalists, whereas generalists interact with specialists
and generalists (FIGURE 1.1, bottom).

Fairly little is still known about the factors leading to patterns of spe-
cialization and generalization at the community level (Jordano et al.,
2006; Vazquez & Aizen, 2004, 2006) or the potential consequences of these
patterns for species extinctions and the stability of whole plant-flower
visitor interaction webs (Ashworth et al., 2004; Memmott et al., 2004a).
There is also a lack of knowledge how the degree of generalization affects
the degree of morphological matching which should influence the per-
visit pollination efficiency of the visitors (Campbell et al., 1996; Johnson &
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Steiner, 1997; Nilsson, 1988; although see Wilson, 1995). In particular, the
impact of plant and visitor traits that may constrain the kind and num-
ber of potential interaction partners, and the frequency of these traits
across species and individuals in a local community, have rarely been
investigated (Jordano et al., 2006; Vazquez, 2005).

This thesis is an effort to evaluate the reasons for, and the impor-
tance and consequences of community-wide patterns of specialization
and generalization. My intent is to assess the potential influence of mor-
phology and abundance on the degree of ecological specialization and
generalization (i.e. the number of plant species visited or the number of
visitor species on a plant species), the asymmetry of interactions, the
extinction risk of species, and the degree of morphological matching
between plants and visitors. To do this I will compare the observed pat-
terns with expected patterns based on the result of simulation models
incorporating different combinations of the potential factors. The study
system is a species-rich Mediterranean plant-flower visitor community
in the southeast of Spain.
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Ficure 1.1 - Reciprocity of relationships between generalized and specialized plants and
visitors. An earlier view assuming ‘symmetric’ relationships (top) has been shown by
recent community-level studies to be incorrect; instead interactions are ‘asymmetric’
(bottom), with specialist plants and animals tending usually to associate with generalist

partners, although generalist plants and animals do also interact frequently.
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I concentrate on the role of morphological traits that potentially con-
strain the interactions between nectar-producing flowers and nectar-for-
aging visitors: the depth at which the nectar is concealed inside the
flower (which I refer to as ‘nectar holder depth’), the width of the nectar
hiding tube (which I refer to as ‘nectar holder width’), and the size of the
place where insects might alight on the flower as they feed (the ‘alight-
ing place’). The stronger the morphological restrictions a flower puts on
the morphology of its potential visitors, the smaller the range of flower
visitor traits that should be observed on a plant species and the more
morphologically specialized this species is. This is shown in FiGure 1.2 for
nectar depth and proboscis length. I hypothesize that the smaller the
expected morphological range of visitor traits, the fewer visitor species
will be observed on a plant species and the closer the morphological fit.
The same should be true for the visitor’s point of view, thus the smaller
the expected morphological range of plant traits, the fewer plant species
a flower visitor should visit, and the closer the morphological fit with
these plants. As estimates of abundance I chose the number of individu-
als (visitors) and the number of open flowers during peak flowering
(plants). I hypothesize that the higher the abundance of species or
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FiGure 1.2 — A cartoon depicting size constraints (nectar holder depth and proboscis
length), which limit interactions between nectar-producing flowers and nectar-searching
flower visitors. The insects possess short to long proboscises (top), and the flowers pos-
sess shallow to deep tubes (bottom). In principle, short proboscises can reach shallow
but not deep nectar; longer proboscises can reach all nectar unless it is more deeply con-
cealed than the proboscis is long.
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resources, the larger the number of interaction partners and the higher
the impact of an interaction partner on the degree of matching.

The thesis consists of five chapters of which this Introduction is
CHAPTER 1 and the Summary is CHAPTER 5. In CHAPTER 2 I show that flower
parameters set a size threshold on the morphology of flower visitors. I
demonstrate that the number of observed visitor species decreases with
increasing nectar holder depth and increases with increasing nectar
holder width. Based on nectar holder depth and width the number of
flower visitors that can potentially visit a plant species is determined. I
demonstrate that the observed number of interaction partners is posi-
tively correlated with this potential number and that the observed inter-
action partners are a random draw out of the whole potential morpho-
logical range of visitor species. Within the constraints set by flower mor-
phology, the number of flowers influences the number of interaction
partners. The more flowers a plant species produces, the more animal
species visit this plant species.

In CHAPTER 3 I ask whether there is a relationship between the degree
of generalization of a species and the degree of generalization of its inter-
action partners and what the potential causes and consequences of this
relationship are. In the first part of Cuapter 3 I demonstrate that the
Mediterranean flower visitation web I studied is asymmetrically organized,
and that a size threshold in combination with random interactions propor-
tional to species abundance among the potential interactions could be
responsible for this asymmetric specialization. In the second part of
CHAPTER 3 I study the influence of these factors on the extinction risk of
species. The degree of asymmetry may have a profound impact on the
extinction risk of a species. The more specialized the interactions, the
more prone are the species to extinction by chance processes. If a flower
visitation web is asymmetrically organized, this extinction risk might be
equalized (Ashworth et al., 2004) and the whole web might be more stable
compared to a symmetrically organized one (Memmott et al., 2004a). I show
that, even if the web is asymmetrically organized, morphologically special-
ized species have higher extinction risks than morphologically generalized
species. Because specialized species are less abundant in the studied web,
the inclusion of species frequencies in the simulations increases the dif-
ference between specialists and generalists in extinction risk even more.

12
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CHAPTER 4 takes up the influence of size thresholds on the degree of
morphological matching between proboscis length and nectar holder
depth. A close morphological match between flowers and flower visitors
can be an important component of high visitation rates (Inouye, 1980;
Peat et al., 2005; Ranta & Lundberg, 1980) or high per-visit pollination effi-
ciencies (Campbell et al., 1996; Johnson & Steiner, 1997; Nilsson, 1988). An
analysis of published records of flower visits across north-western Europe
(Knuth, 1906) indeed points in the direction of size matching: plants of
certain nectar depths are visited mainly by insect groups with correspon-
ding proboscis lengths (Corbet, 2006; Ellis & Ellis-Adam, 1993). This size
matching seems at odds with the fact that pollinators with long pro-
boscises will in principle have access to shallow as well as deep flowers.
However, the frequency of species and individuals with shallow and deep
flowers or with short and long proboscises will influence the average
degree of matching. My analysis of the Mediterranean flower visitation
web reveals that flower visitors with a short proboscis indeed match on
average the nectar depth of flowers more closely than those with a long
proboscis. Conversely, plant species with hidden nectar and openly-pre-
sented nectar match their interaction partners on average equally close-
ly. I show, under the assumption of random interactions proportional to
abundance, that this overall relationship can be the result of the depth
threshold and the observed proboscis length and nectar holder depth dis-
tributions. Both distributions are right-skewed and resemble seemingly
ubiquitous log-normal body size distributions.

Literature

Agosta, SJ. & Janzen, D.H. (2005) Body size distributions of large Costa Rican dry
forest moths and the underlying relationship between plant and pollinator
morphology. Otkos, 108, 183-193.

Ashworth, L., Aguilar, R., Galetto, L., & Aizen, M.A. (2004) Why do pollination
generalist and specialist plant species show similar reproductive suscepti-
bility to habitat fragmentation? Journal of Ecology, 92, 717-719.

Bascompte, J., Jordano, P, Melian, CJ., & Olesen, ] M. (2003) The nested assem-
bly of plant-animal mutualistic networks. Proceedings of the National
Academy of Sciences of the United States of America, 100, 9383-9387.

Campbell, DR., Waser, NM., & Price, M.V. (1996) Mechanisms of hummingbird-
mediated selection for flower width in Ipomopsis aggregata. Ecology, 77, 1463-1472.

13



CHAPTER 1

Corbet, S.A. (2006). A typology of pollinations systems: implications for crop
management and the conservation of wild plants. In Plant—pollinator interac-
tions: from specialization to generalization (eds N. Waser & J. Ollerton), pp. 315-
340. The University of Chicago Press, Chicago and London.

Dupont, Y.L., Hansen, D.M.,, & Olesen, J. M. (2003) Structure of a plant-flower-vis-
itor network in the high-altitude sub-alpine desert of Tenerife, Canary
Islands. Ecography, 26, 301-310.

Ellis, W.N. & Ellis-Adam, A.C. (1993) To make a meadow it takes a clover and a
bee — the entomophilous flora of Nw Europe and its insects. Bijdragen tot de
Dierkunde, 63, 193-220.

Faegri, K. & van der Pijl, L. (1979) The principles of pollination ecology, 3 edn.
Pergamon Press, Oxford, UK.

Haber, WA. & Frankie, GW. (1989) A tropical hawkmoth community: Costa
Rican dry forest Sphingidae. Biotropica, 21, 155-172.

Herrera, C.M. (1996). Floral traits and plant adaptation to insect pollinators: A
devil’'s advocate approach. In Floral biology. Studies of floral evolution in animal-
pollinated plants (eds D.G. Lloyd & S.C.H. Barrett), pp. 65-87. Chapman and
Hall, New York.

Inouye, D.W. (1980) The effect of proboscis and corolla tube lengths on patterns
and rates of flower visitation by bumblebees Oecologia, 45, 197-201.

Irwin, R.E., Brody, A.X., & Waser, NM. (2001) The impact of floral larceny on
individuals, populations, and communities. Oecologia, 129, 161-168.

Johnson, S.D. & Steiner, K.E. (1997) Long-tongued fly pollination and evolution of
floral spur length in the Disa draconis complex (Orchidaceae). Evolution, 51, 45-
53.

Jordano, P. (1987) Patterns of mutualistic interactions in pollination and seed
dispersal — connectance, dependence asymmetries, and coevolution.
American Naturalist, 129, 657-677.

Jordano, P., Bascompte, J., & Olesen, J.M. (2006). The ecological consequences of
complex topology and nested structure in pollination webs. In Plant-pollina-
tor interactions: from specialization to generalization (eds N. Waser & J. Ollerton),
pp. 173-199. The University of Chicago Press, Chicago and London.

Knuth, P. (1906) Handbook of flower pollination Oxford University Press, Oxford.
Lewinsohn, T.M., Prado, PI., Jordano, P., Bascompte, J., & Olesen, JM. (2006)
Structure in plant-animal interaction assemblages. Oikos, 113, 174-184.
Memmott, J., Waser, N.M., & Price, M.V. (2004) Tolerance of pollination networks
to species extinctions. Proceedings of the Royal Society of London Series B-

Biological Sciences, 271, 2605-2611.

Moldenke, A.R. (1975) Niche specialization and species diversity along an alti-
tudinal transect in California. Oecologia, 21, 219-249.

Nabhan, G.P. & Buchmann, S.L. (1997). Pollination services: biodiversity’s direct

14



GENERAL INTRODUCTION

link to world food stability. In Nature’s Services: Societal Dependence on Natural
Ecosystems (ed G.C. Daily), pp. 133-150. Island Press, Washington DC.

Nilsson, L.A. (1988) The evolution of flowers with deep corolla tubes. Nature,
334, 147-149.

Olesen, JM. & Jordano, P. (2002) Geographic patterns in plant-pollinator mutu-
alistic networks. Ecology, 83, 2416-2424.

Ollerton, J. & Cranmer, L. (2002) Latitudinal trends in plant-pollinator interac-
tions: are tropical plants more specialised? Oikos, 98, 340-350.

Ollerton, J. & Watts, S. (2000) Phenotype space and floral typology: towards an
objective assessment of pollination syndromes. De Norske Videnskaps —
Akademi. I. Matematisk Naturvidenskapelige Klasse, Skrifter, Ny Serie, 39, 149-
159.

Peat, J., Tucker, J., & Goulson, D. (2005) Does intraspecific size variation in bum-
blebees allow colonies to efficiently exploit different flowers? Ecological
Entomology, 30, 176-181.

Ranta, E. & Lundberg, H. (1980) Resource partitioning in bumblebees — the sig-
nificance of differences in proboscis length Oikos, 35, 298-302.

Renner, S.S. (1988). Effects of habitat fragmentation on plant-pollinator inter-
actions in the tropics. In Dynamics of Tropical Communities (eds D.M. Newbery,
H.H.T. Prins & N.D. Brown), pp. 339-360. Blackwell Science, Oxford.

Vazquez, D.P. (2005) Degree distribution in plant-animal mutualistic networks:
forbidden links or random interactions? Oikos, 108, 421-426.

Vazquez, DP. & Aizen, M.A. (2003) Null model analyses of specialization in
plant-pollinator interactions. Ecology, 84, 2493-2501.

Vazquez, D.P. & Aizen, M.A. (2004) Asymmetric specialization: a pervasive fea-
ture of plant-pollinator interactions. Ecology, 85, 1251-1257.

Vazquez, D.P. & Aizen, M.A. (2006). Community-wide patterns of specialization
in plant-pollinator interactions revealed by null models. In Plant-pollinator
Interactions: from speclalization to generalization (eds N. Waser & J. Ollerton), pp.
200-219. The University of Chicago Press, Chicago and London.

Waser, N.M., Chittka, L., Price, M.V,, Williams, N.M., & Ollerton, J. (1996)
Generalization in pollination systems, and why it matters. Ecology, 77, 1043-
1060.

Waser, NM. & Ollerton, J. (2006) Plant-pollinator interactions: from specialization to
generalization The University of Chicago Press, Chicago and London.

Wilson, P. (1995) Selection for pollination success and the mechanical fit of
Impatiens flowers around bumblebee bodies. Biological Journal of the Linnean
Society, 55, 355-383.

15







<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


