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Abstract
carrageen extraction. Although the natural life history of the alga had been well understood, the factors

Chondrus is a type of commercially produced red seaweed that widely used for food and

influencing development of the tetraspore and carpospore remain poorly understood. In the perspective of
seedling resources, the regulation of early development is crucial for the seedling nursing; therefore, it is
necessary to understand the physiological influences during its early development. In this study, we
studied the effects of temperature and irradiance on the early development of Chondrus ocellatus Holm
under laboratory conditions. The released tetraspores and carpospores were cultivated at different
temperatures (10-28°C) and irradiances (10, 60 pmol photons ms™") with a photoperiod of 12L:12D. The
results indicate that both tetraspores and carpospores are tolerant to temperatures of 10-25°C, and have
the highest relative growth rate at 20°C. Irradiance variances influenced the growth of the discoid crusts,
and the influence was more significant with increasing temperature; 60 pmol photons m™s™” was more
suitable than 10 pmol photons m™s™. The optimum temperature and irradiance for the development of

seedlings was 20°C and 60 pmol photons m™s™, respectively.
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1 INTRODUCTION

Chondrus ocellatus Holm is one kind of
commercially produced red seaweed, which mainly
inhabits coastal areas of Korea, Japan, China and
Taiwan (Taylor et al., 1994). Its niche is in substrates
from high to low tide regions. Usually, the juvenile
seedlings appear in autumn and mature in summer;
the alternative life history includes the following
stages: tetrasporophyte, gametophyte and
carposporophyte (Hori, 1993).

Because of its significant yields of carrageen and
other industrial materials, many studies have been
conducted on this genus (Burns et al., 1972; Noda,
1990; McLachlan, 1991). However, there are very
limited reports on C. ocellatus, especially in regard to
its developmental and physiological properties.
Enright et al. (1981) reported that the growth rate of
C. ocellatus increased at temperatures of 2—14°C and
growth decreased at 23°C. Ji et al. (1992) reported
that 15-20°C was suitable for development of

C. ocellatus seedlings, and the diameter of the
discoid crust increased at 20°C. Kim et al. (2006)
investigated the growth and reproductive
phenology of C. ocellatus in Busan, Korea. Wang et
al. (2006) observed the early development of
C. ocellatus, and hypothesized that development
could be divided into three stages: the division stage,
discoid crust stage and seedling stage. However, the
exact physiological parameters are not completely
understood; therefore, intensive studies on the effects
of light and temperature on early development of
the tetraspore and carpospore are required. In
addition, the physiological characteristics of the
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species from different origins may be different.

The objective of our study is to investigate the
effect of temperature and irradiance on the early
development of C. ocellatus collected from natural
habitats in Qingdao, China. We aim to understand the
physiological properties, and to establish the optimal
culture conditions for the seedlings to provide the
possibility of artificial seedlings in the future.

2 MATERIALS AND METHODS

Mature C. ocellatus specimens were sampled in an
intertidal zone of the seashore (36°02'40"N,
120°20'08"E), Qingdao, China, from Nov. to Dec.
2008. The collected mature gametophytes and
tetrasporophytes (Figs.la, 1b) were brushed and
washed with sterilized seawater for elimination of
epiphytes, then immersed in 1% KI for 20 min for
axenic treatment. They were then rinsed thoroughly
with sterilized seawater. After drying for 1 h, the
spores were released from the mature tetrasporangia

and cystocarps of the matured thalli. After incubation
for one night, the thalli were removed and the
released tetraspores and carpospores were transferred
to new petri dishes containing culture medium (PES)
(Provasoli, 1968). The culture media was renewed
every 3 days.

The petri dishes containing the spores were
cultured in incubators (Jiangnan, China) at controlled
light and temperature conditions. The tetraspores and
carpospores were cultured at six different
temperatures (10, 15, 20, 22, 25, 28°C) and two
irradiances (10, 60 pmol photons m”s™), with a
photoperiod of 12L:12D. Each treatment was
replicated three times for parallel tests. Observations
were conducted each day under a microscope
(Olympus, BX51) with a digital camera (Qimaging,
MicroPublisher 5.0 RTV). Based on the comparative
tests, we chose spores cultured at 20°C and
60 pmol photons m™s™ as the main sample for
morphological observation. Growth of discoid crusts

Fig.1 The morphology and early development of Chondrus ocellatus Holm
a, mature gametophyte, bar=1 cm; b, mature tetrasporophyte, bar=1 c¢m; ¢, cystocarp, bar=1 mm; d, tetrasporangium bar=1 mm,; e, newly-released spore,

bar=20 pm; f, two even cells stage (division stage), bar=20 pum; g, four cells stage (division stage), bar=20 pum; h, multicellular stage (division stage), bar=20

um; i, discoid crust stage; bar=100 pm; j, discoid crust coalescence, bar=100 pum; k-1, juvenile seedling stage, bar=100 pm and 5 mm, respectively.
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was measured each week under the microscope using
a visual micro-scale. For each test, 50 samples from
each petri dish were measured. The relative growth
rate (RGR) was calculated using the discoid crust
diameter data according to the following formula:

RGR= (InN, - InNy) / T

where N is the initial diameter and N, is the diameter
after T days.

One-way ANOVA tests followed by Tukey’s
multiple comparisons were used to examine the
effect of temperature on diameter variations of the
discoid crust cultivated at 60 pmol photons m’s.
Independent-sample ¢ tests were conducted to
compare diameter variations at different irradiance
treatments. All statistical analyses were performed
using SPSS 13.0 with the level of significance set at
P<0.01.

3 RESULTS
3.1 Observations on early development of C. ocellatus

The morphological changes that we observed
during the early development of C. Ocellatus (Fig.1)
were basically the same as those reported by Wang et
al. (2006).

3.2 Effect of temperature on growth of the discoid
crust of the tetraspore

The effect of different temperatures on the growth
of germlings was investigated (Fig.2). Temperature
significantly affected expansion of the discoid crust
at an irradiance of 60 pmol photons m™ s™ in weeks 1,
2, 3 and 4 (ANOVA: F=26.44, 118.74, 284.78, and
292.70, P<0.01, respectively) (Fig.2).

Germling growth occurred between 10 and 25°C.
However, at 28°C the spores divided into several
cells, but did not develop any further at both 10 and
60 pmol photons m™s™; they turned pale or even died
after cultivation for about one week. After the first
week of culture, the germlings at 10-25°C only just
developed or would develop into discoid crusts, and
the discoid varied significantly (ANOVA: F=26.44,
P<0.01); the difference appeared more obvious in the
second week (ANOVA: F=118.74, P<0.01), and
even more significantly after four weeks (ANOVA:
F=292.70, P<0.01). The growth of the tetraspores
increased from 10 to 20°C, and reached a maximum
at 20°C, but growth decreased after 20°C (Fig.2).
After four weeks culture, the largest diameter of the
discoid crust was 364.3+44.1 um, which appeared at
20°C; the next largest were those at 22°C, 15°C and
then those at 25°C (Fig.2).

Vol.28

Although the growth rate of spores at 25°C was
higher than those at 15°C at the beginning, growth at
25°C became lower than that at 15°C after three
weeks cultivation, and growth and development of
germlings at 10°C was the slowest (Fig.2).

3.3 Effect of temperature on growth of the discoid
crust of the carpospore

Growth and development of discoid crusts from
the carpospores had a broad tolerance to
temperatures at 10-25°C. With increasing
temperature, the growth rate increased rapidly, but
declined at over 20°C (Fig.3). Temperature
significantly affected growth of the discoid crust at
an irradiance of 60 pmol photons m™”s”' (ANOVA:
F=12.69, 104.84, 213.69, and 217.09, P<0.01,
respectively) (Fig.3). Generally, there was rapid
growth of the discoid crust at 15-25°C, and it
reached a maximum at 20°C.
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Fig.2 Growth of discoid crusts from C. ocellatus tetraspores
cultured for 4 weeks at different temperatures and an
irradiance of 60 pumol photons m™s™
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Fig.3 Growth of discoid crusts from C. ocellatus carpospores
cultured for 4 weeks at different temperatures and an
irradiance of 60 pmol photons m™s™

3.4 Effect of irradiance on growth of tetraspore
and carpospore germlings

The effect of irradiance on the growth of the
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discoid crusts of the tetraspores and carpospores was
also observed (Figs.5,6). High light intensity
(60 pmol photons m™s™) significantly accelerated
the growth rate (P<0.01) compared with low light
intensity (10 pmol photons m™2s™). As indicated in
Figs.4 and 5, at 15, 20 and 25°C irradiance
influenced the growth of the discoid crusts, and with
increasing temperature this influence was more
significant. However, at 10°C irradiance had only a
slight effect on the discoid crust diameter. Moreover,
at over 20°C, at an irradiance of 60 pmol photons m™”s™
the diameter was twice that at an irradiance of
10 pmol photons m’s” (Figs.5, 6).
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Fig.4 Relative growth rate of discoid crusts developed
from tetraspores and carpospores of C. ocellatus at
different temperatures and an irradiance of
60 pmol photons m™s™
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Fig.5 Growth of the discoid crust of tetraspores cultured for 4
weeks at various temperatures and an irradiance of
10 pmol photons m™s™ and 60 pmol photons m”s™

3.5 Effect of temperature and irradiance on early
development of juvenile seedlings

Both tetraspores and carpospores can develop into
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Fig.6 Growth of the discoid crust of carpospores cultured for
4 weeks at various temperatures and an irradiance of

10 pmol photons m™s™ and 60 pmol photons m”s™
seedlings at a wide range of temperatures (10-25°C)
and irradiances (10-60 pmol photons m™s™) (Table 1).
Generally, at the same temperature, juvenile
seedlings formed earlier at a higher irradiance, and
the earliest formation of seedlings occurred at 20°C
and 60pmol photons m’s’. At 10 pumol photons m’s’,
high temperatures enhanced discoid crust
development and seedling formation (Table 1). A
low temperature (10°C) and low irradiance
(10 pmol photons m™s™) inhibited early development
of the tetraspores and carpospores. At 25°C and
irradiances of 10 or 60 pmol photons m?s’, tetraspores
and carpospores developed into the seedling stage
almost simultaneously.

4 DISCUSSIONS

In general, the tetraspores and carpospores grew
and developed at 15-25°C, and the optimal growth
occurred at 20°C. Our results were consistent with
those reported for C. crispus by Burns et al. (1972);
the two species have a similar tolerance to
temperature. At 10 and 15°C, the relative growth rate
of the tetraspores was very similar to that of the
carpospores. However, within the high temperate
range of 20-25°C, the growth rate of tetraspores was
lower than that of carpospores (Fig.4). This is in
accordance with the natural growth rhythm of
C.ocellatus. The spore releasing peak for
C. ocellatus appeared twice throughout the year in a
natural sea area: in June-July (15-20°C) tetraspores
were relatively dominant, while in July-August
carpospores dominated, when seawater temperature
was the highest of the whole year (Ji et al., 1992).
These results suggest that carpospores are better
adapted to high temperatures; ie 20-25°C.
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Table 1 Formation time of juvenile seedlings cultured at various temperatures and irradiances

Irradiance (pmol photons m>s™) 10°C

Carpospore 60 ~50d
10 ~70d

Tetraspore 60 ~50d
10 ~70d

Vol.28

15°C 20°C 22°C 25°C 28°C
~40 d ~28d ~33d ~35d --
~60 d ~40 d ~38d ~37d --
~35d ~28d ~33d ~37d --
~55d ~40 d ~39d ~38d --

We found that erect seedlings formed when the
discoid crusts grew to a certain size; the cell mass
that grows from the spores would not develop into a
discoid crust until the number of cells reached a
critical value. After four weeks cultivation at 20°C
and an irradiance of 60 pumol photons m’s”, the
discoid crusts reached 250 um in diameter and
formed juvenile seedlings. However, at 20°C and
10 pmol photons m™s™, it took 5 weeks to grow
discoid crusts (250 pm in diameter) without any erect
seedlings; seedlings appeared on the discoid crusts
(320 nm in diameter) after 6 weeks culture. We
believe that the high light intensities stimulated the
rapid development of discoid crusts and the
formation of seedlings, and that specimen size is a
threshold for sporeling development into the next
stage, possibly because of the necessary nutritional
storage requirements for formation of discoid crusts
and erect seedlings. The gene expression regulation
mechanism during early development needs to be
explored.

The attachment of spores influenced the
germination and early development of germlings. In
the early stage, the spores did not attach firmly. Even
mild perturbations could cause them to fall off the
substratum, and many unattached spores eventually
failed to germinate and develop normally. Similar
phenomena were reported for Gelidium floridanum
(Bouzon et al., 2005; 2006). Fonck et al. (2008)
suggested that the time of the drifting thallus, type of
substratum and photon flux density affected the
reattachment capacity of the thallus of C. chamissoi.
Here, we speculate that photon flux density is a
crucial factor for the attachment of spores during
static culture.

In many red algae, coalescence of discoid crusts is
usually observed during the early development of
tetraspores and carpospores (Jones, 1956; Komiyama
etal., 1957; Chen et al., 1985; Vera et al., 2008). We
found that usually two or more adjacent discoid
crusts merged to form a larger discoid crust and then
developed into a juvenile seedling (Fig.lj).
Santelices et al. (2004) reported that sporeling size

determined the fate of coalescing germlings;
however, we did not observe this phenomenon,
possibly because of different sporeling densities, or
the algal genus or species. Coalescence of the discoid
crusts would be beneficial to the growth and early
development of juvenile seedlings of red seaweeds.

5 CONCLUSIONS

Early development of tetraspores and carpospores
of C. ocellatus exhibited a broad tolerance to
temperatures from 10 to 25°C, and an irradiance 10
to 60 pmol photons m™s™' . Temperature significantly
influenced the growth and early development of
juvenile seedlings. Optimal culture conditions were
at 20°C and an irradiance of 60 umol photons m™s™.
A low temperature (10°C) and low light intensity
(10 umol photons m'zs'l) severely stunted growth
and development.

References

Bouzon Z L, Ouriques L C, Oliveira E C. 2005. Ultrastructure
of tetraspore germination in the agar-producing seaweed
Gelidium  floridanum  (Gelidiales, Rhodophyta).
Phycologia, 44: 409-415.

Bouzon Z L, Ouriques L C, Oliveira E C. 2006. Spore
adhesion and cell wall formation in Gelidium
floridanum (Rhodophyta, Gelidiales). J. Appl. Phycol.,
18: 287-294.

Burns R L, Mathieson A C. 1972. Ecological studies of
economic red algae. II. Culture studies of Chondrus
crispus Stackhouse and Gigartina stellata (Stackhouse)
batters. J. Exper. Mar. Bio. Ecol., 8(1): 1-6.

Chen M Q, Ren G Z. 1985. The development process of
sporelings of Gracilaria verrucosa (Hudson) Papenfuss.
Oceanologia et Limnologia Sinica, 16(3): 181-187.

Enright C T, Craigie J S. 1981. Effects of temperature and
irradiance on growth and respiration of Chondrus crispus
Stackhouse. In: Levring T ed. Proceedings of the
International Seaweed Symposium. Walter de Gruyte,
Berlin. p. 271-276.

Fonck E, Martinez R, Vasquez J, Bulboa C. 2008. Factors that
affect the re-attachment of Chondracanthus chamissoi
(Rhodophyta, Gigartinales) thalli. J. Appl. Phycol., 20:
311-314.

Hori T. 1993. An Illustrated Atlas of the Life History of Algae.



No.3 LI et al.: Effects of temperature and irradiance on early development of Chondrus ocellatus Holm 513

Vol. 2. In: Brown and Red Algae. Uchdia Roka-kuho
Publishing Co., Ltd., Tokyo. Japan.

JiY K, Guo J. 1992. The effect of temperature on the growth
and development of Chondrus ocellatus. Journal of
Dalian Fisheries College, T: 32-37.

Jones W E. 1956. Effect of spore coalescence in the early
development of Gracilaria verrucosa (Huds.) Papenfuss.
Nature, 178: 426-427.

Kim Y S, Choi H G, Nam K W. 2006. Phenology of Chondrus
ocellatus in Cheongsapo near Busan. Korean J. Appl.
Phycol., 18: 551-556.

Komiyama T, Sasamoto M. 1957. Studies on the propagation
of Gracilaria verrucosa (Huds.) Papenfuss 1. On the
settling of the spores and development of the early
stage. Report of the Investigations on the Ariake Sea, 4:
25-34.

McLachlan J L. 1991. General principles of on-shore
cultivation of seaweeds: effects of light on production.
Hydrobiologia, 221(1): 125-135.

institutions in the world.

CJOL Editorial Team

L R R RN

00 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

CJOL is currently published bimonthly by Springer internationally, and covered by
SCI-E and many other major international databases or indices.

The CJOL team wishes to devote to the CJOL development into a new international
level, and to provide the best service to the CJOL authors and peer-reviewers.

Please visit and submit your papers online via http://mc03.manuscriptcentral.com/c-jol.
For any concern, please contact us via

E-mail: mc4cjol@gmail.com
Tel./Fax. +86-532-8289-8754.

Noda H. 1990. Antitumor activity of marine algae. Proc Int.
Seaweed Symp., 13: 577-584.

Provasoli L. 1968. Media and prospects for the cultivation of
marine algae. /n: Watanabe A, Hattori A eds. Cultures
and Collection of Algae. Japanese Society of Plant
Physiology, Tokyo. p. 63-77.

Santelices B, Hormazabal M, Correa J, Flores V. 2004. The
fate of overgrown germlings in coalescing Rhodophyta.
Phycologia, 43(4): 346-352.

Taylor AR A, Chen L C M. 1994. Chondrus Stackhouse. In:
Akatsuka 1 ed. Biology of Economic Algae. SPB
Academic Publishing, Hague. p. 35-76.

Vera C, Lobos P, Romo H. 2008. Gametophyte-sporophyte
coalescence in  populations of the intertidal
carrageenophyte Mazzaella laminarioides (Rhodophyta).
J. Appl. Phycol., 20: 883-887.

Wang A H, Wang J C, Duan D L. 2006. Early development of
Chondrus ocellatus Holm (Gigartinaceae, Rhodophyta).
Chin. J. Oceanol. Limnol., 24(2): 129-133.

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

CALL FOR PAPERS
Chinese Journal of Oceanology and Limnology

Chinese Journal of Oceanology and Limnology (CJOL) cordially invites original papers
and reviews on all areas of oceanography (oceanology) and limnology from all research

©0000000000000000000000000000000000000000000000000000COCCOIEIIOITOGES




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


