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Abstract Octacnemids represent a different pathway in

the evolution of the typical filter-feeding ascidians. We

examine and identify the prey items in the gut contents and

describe the cell types that constitute the inner wall of

different sections of the gut of the macrophagous octa-

cnemid Cibacapsa gulosa collected in the South Sandwich

Islands, Antarctica. A great variety of prey items were

found: polychaetes, copepods, halacarids, amphipods, iso-

pods and ophiuroids. The internal wall of the gut is lined

with a monostratified, prismatic epithelium. Different cell

types occur in the inner wall in different sections. The

presence of zymogenic cells throughout the internal gut

epithelium, as well as the presence of concretion cells in

the stomach of C. gulosa, also present in the macrophagous

tunicate group Sorberacea (= Hexacrobylidae), can be

considered as an adaptation to the macrophagous diet.

Keywords Ascidian � Cibacapsa gulosa �
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Introduction

Antarctic benthic communities have been described as

dense and taxonomically diverse, particularly on the shelf

and the slope (Arntz et al. 1994; Mühlenhardt-Siegel 1988;

Sahade et al. 1998; Lovell and Trego 2003; Teixido et al.

2007). Suspension feeders are one of the main components

of these assemblages (Dayton et al. 1974; Arnaud 1977;

Clarke 1996; Saiz-Salinas et al. 1998; Gili et al. 1999;

Lovell and Trego 2003; Teixido et al. 2007). Different

processes like vertical flux, resuspension (Graf 1992; Gili

et al. 1999) and advection (Grebmeier and Barry 1991) fuel

these communities by transporting particulate organic

carbon (POC) to them. Nutritious particles are scarce in

deeper ecosystems where little phytoplankton from sea-

sonal shallow primary production reaches the bottom.

Suspension-feeding organisms have to adapt themselves to

a less plentiful supply of POC, and some become macro-

phagous (carnivorous) as an adaptive response (Monniot

and Monniot 1975).

Ascidians are mostly filter feeders that utilize particulate

matter, mainly phytoplankton, and consequently, play an

important role in the coupling of pelagic and benthic sys-

tems (Sigsgaard et al. 2003). In the order Phlebobranchia,

all species belonging to the family Octacnemidae are

macrophagous (Monniot and Monniot 1975, 1991; Monniot

1984). They have an enlarged oral siphon, which is the

main organ for prey capture, and have well-developed

sense organs. The branchial sac is reduced and is a vestigial

organ in Cibacapsa, the most specialized genus within this

group (Monniot and Monniot 1983). However, the Ant-

arctic species Cibacapsa gulosa presents a striking feature,

even in the family, which is the replacement of suspension

feeding with an exclusive macrophagous method of feed-

ing (Monniot and Monniot 1983; Monniot 1984). Other
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genera of Octacnemidae have a mixed diet, composed

both by zooplankton (crustaceans) and by phytoplankton,

since diatom frustules were found in their gut contents

(Okuyama et al. 2002). Some branchial structures engaged

in filtration (e.g., oral tentacles, endostyle, dorsal line,

stigmata) are absent in Cibacapsa, but are retained in other

Octacnemidae genera like Situla, Dicopia, Octacnemus and

Megalodicopia. Only four specimens of C. gulosa were

previously collected in Antarctic areas such as the Ross

Sea, South of the Kerguelen Islands and the Weddell Sea at

depths ranging from 570 to 810 m (Monniot and Monniot

1994). More recently, the species was reported in the South

Sandwich Islands (Tatián et al. 2005). Gut contents

reported by Monniot and Monniot (1983, 1994) comprised

polynoid polychaetes, serolid isopods and legs of crusta-

ceans. Since copepods, ostracods and small amphipods

were observed in the gut contents of other specimens

within the Octacnemidae, it is probable that the diet of

C. gulosa could also include these and other prey items

(Monniot and Monniot 1983).

The macroscopical anatomy of the gut of C. gulosa is

described by Monniot and Monniot (1983). However, the

microscopic anatomy of the inner wall and epithelium has

not been described. On the other hand, there are many

studies on the microscopical anatomy of the gut of filter-

feeding ascidians in a number of genera: Ciona, Botryllus,

Dendrodoa, Styela, Microcosmus and Pyura (Thomas

1970a, b; Burighel and Milanesi 1973, 1975, 1977;

Thorndyke 1977; Buencuerpo 1991). In this study, we

identify and quantify for the first time the prey items in

the gut and describe the cell types of the inner wall of

different sections of the gut of C. gulosa. From these

results, we also discuss other aspects of the trophic

ecology (i.e., capture and assimilation of prey) of this

macrophagous ascidian.

Materials and methods

This study is based on the examination of three specimens

of Cibacapsa gulosa. Samples were taken during the

‘‘LAMPOS’’ cruise (ANT XIX/5) of RV ‘‘Polarstern’’ in

the central area of the South Sandwich Islands, at 590 m

depth (St 207: 57� 3309100 S/26� 2207800 W), during April

2002. The specimens were collected by Agassiz (AGT)

trawl. The area is characterized by restricted shallow water

around volcano peaks and a swept slope; the substrate

consists of volcanic stones, such as lava and pumices.

Despite these inhospitable substrates, elements of the

benthic fauna composed mostly by Brachipoda, Ophiuroi-

dea, Asteroidea, Crinoidea and Holoturoidea were col-

lected together with ascidians (see Arntz and Brey 2003). A

specimen of C. gulosa was photographed in vivo to

document its appearance (Fig. 1). Two specimens were

immediately fixed in buffered 2.5% formaldehyde in sea-

water and the other one in ethanol.

In the laboratory, specimens were dissected to sepa-

rate the gut from the rest of the body. Gut contents were

extracted with a Pasteur pipette. Prey items were iden-

tified using different keys and descriptions available

(Smith 1977; Boltovskoy 1981; Sieg and Wägele 1990;

Stanwell-Smith et al. 1997) and counted using a Bogorov

10-ml chamber under a stereomicroscope. In order to

examine the microscopic anatomy of the epithelium, the

gut was dissected into three sections: esophagus, stomach

and intestine. Each section was dehydrated in a graded

alcohol series and cleared in ethanol-xilol. They were

then embedded in paraffin, sectioned at 5–7 lm and

stained with hematoxylin-eosin. The different gut sec-

tions were examined using a light microscope and

photographed.

Results

Prey items

A variety of prey items were found in the gut contents of

the three specimens of Cibacapsa gulosa. They belonged to

six different phyla: Coelenterata, Annelida, Mollusca,

Arthropoda, Echinodermata and Chordata (Table 1). Large

quantities of orange-colored oil droplets were also

observed in the gut. No phytoplankton components were

found.

Although most prey items contained in the gut had a

pelagic origin (82.9%), benthic preys were also present

(8.5%). The food items had a wide size range: from

100 lm for the small calanoid copepods, to 4 mm for

amphipods and ophiuroids. Some items were partially

digested, such as pelagic polychaetes, gastropods and

crustacean parts (Fig. 2).

Fig. 1 Cibacapsa gulosa

24 Polar Biol (2011) 34:23–30

123



Histology

The internal wall of the gut of Cibacapsa gulosa was lined

with a prismatic epithelium overlying a mesenchyme with

blood cells.

The internal epithelial cells of the esophagus (Fig. 3)

showed an intense basophilia in the apical region. Two

cell types were present: the most abundant cell type was

ciliated mucous cells (CMC). The other cell type was

zymogenic cells (ZC), scattered throughout the epithe-

lium. The CMC had a large, round nucleus; the cytoplasm

contained basophilia in the apical third region. The ZC

had a round nucleus, located in the basal third of the cell;

the cytoplasm contained vacuoles and numerous baso-

philic granules.

The stomach (Fig. 4) was characterized by an epithe-

lium with dense microvilli. This epithelium consisted of

several cell types: CMC, ZC, undifferentiated cells (UC)

and concretion cells (CC). The CMC showed abundant

microvilli, a round nucleus located in the basal third of the

cell and big supranuclear vacuoles. The ZC were smaller

than the CMC but similar to the ZC described for the

esophagus. Throughout the epithelium, there were stratified

zones with small cells with a round central nucleous, the

UC. The CC had a large vacuole containing heterogeneous

inclusions, and the nucleus was located close to the outer

portion of the cell.

The epithelium of the intestine (Fig. 5) consisted mainly

of CMC. These cells showed a round basal nucleus,

supranuclear vacuoles and some cilia; the cytoplasm of the

apical cells showed a light basophilia. The ZC showed an

intense basophilia. The UC in the intestine were similar to

those in the stomach.

Discussion

Sessile organisms living in deep benthic systems are

adapted to a scarce food supply, since little of the plank-

tonic primary production in surface waters reaches such

depths. These conditions can be harsher in some areas,

such as Antarctica and specifically the South Sandwich

Islands, described as ‘‘extremely depauperate’’ because

their remote position and lava bottoms (Arntz et al. 2005).

The ascidian Cibacapsa gulosa is clearly a macropha-

gous species adapted to capture occasional food items,

some of which are often energy-rich organisms. The large

quantity of oil droplets in the gut of C. gulosa can be

explained by the capture of zooplanktonic prey. In high

latitudes, zooplankton organisms store lipids (especially

wax esters) as energy supplements to be used during the

long periods of food scarcity (Graeve et al. 1994). Thus,

these organisms constitute an important supply of energy

for other trophic levels. The daily vertical displacement of

the zooplankton (Shulenberger et al. 1984) as well as the

winter migration of some species to deep waters (Cassareto

and Nemoto 1986; Smith and Schnack-Schiel 1990)

increases their availability for benthic organisms living

within the deep benthos.

The present study further confirms that C. gulosa is a

macrophagous, non-specialized species able to capture

pelagic and benthic prey. Previous records revealed only

crustaceans and polychaetes in the gut contents of this

species (Monniot and Monniot 1994). The zooplankton

organisms observed, such as medusae, calanoid copepods

and hyperiid amphipods, are active swimmers. Also, the

benthic organisms captured, such as ophiuroids and

halacarids, move actively on the substrate. The mobility

of these preys supposes a special behavior of C. gulosa.

The strategy that allows C. gulosa to capture mobile preys

seems to be the same as previously reported for octa-

cnemid species: passively waiting for the forthcoming

Table 1 Different prey items found in the gut contents of Cibacapsa
gulosa

Habitat Frequency

(mean ± SD)

Crustacean parts

Crustacean cuticula type I

(‘‘ring-shaped’’)

94.7 ± 56.4

Crustacean cuticula type II

(‘‘tube-shaped’’)

4.7 ± 4.5

Crustaceans (mandible parts) 32.7 ± 14

Eusirus antarcticus (gnathopod) Pelagic/Benthic 4.3 ± 7.5

Hyperiid amphipods (head) Benthic 0.3 ± 0.6

Calanoid copepods

(part of prosome and urosome)

Pelagic 0.3 ± 0.6

Halacaroidea (leg) Benthic 0.3 ± 0.6

Crustacea (complete animals)

Calanoid copepod Pelagic 16 ± 4.4

Harpacticoid copepod Benthic 0.3 ± 0.6

Gammarid amphipod Benthic 0.3 ± 0.6

Echinodermata

Ophiuroid Benthic 0.3 ± 0.6

Annelida

Lumbrinerid polychaete Benthic 0.7 ± 1.2

Polychaete Type I Pelagic 20.3 ± 33.5

Polychaete Type II Pelagic 1.3 ± 1.2

Mollusca

Gastropod Benthic 2.3 ± 4

Coelenterata

Medusa (Euphysora) Pelagic 1.3 ± 1.2

Other

Fecal pellet 1.3 ± 1.2

Fish scale 3.3 ± 5.8
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prey and trapping it in some way (Okuyama et al. 2002;

Havenhand et al. 2006). In situ observations of Mega-

lodicopia hians revealed that most individuals oriented

their large oral apertures in the counter direction of the

presumed upwelling currents, suggesting the utilization of

water currents for feeding (Okuyama et al. 2002). Dif-

ferent is the case of other macrophagous tunicates such as

Hexacrobylidae, which are also able to capture a wide

variety of prey items but catching these prey actively,

using their lobed oral siphon: analyses in the rectum of

individuals of the species Asajirus indicus revealed fora-

minifers, polychaetes, ostracods, cladocerans, isopods,

gastropods and what appeared to be particles of an

ophiuroid (Kott 1992).

The present study is the first one to histologically

examine the inner wall of a macrophagous ascidian. The

gut epithelium of C. gulosa is simpler than that of filter-

feeding ascidians (Table 2). The mesenchyme is thinner,

and the epithelium has fewer cell types than filter-feeding

species. Thus, epithelial cells of macrophagous tunicates

may be involved in multiple functions, such as movement

and progress of the food, secretion, absorption and osmo-

regulation. The most abundant cell type in the esophagus of

C. gulosa, as in filter-feeding ascidians (Burighel and

Milanesi 1975; Buencuerpo 1991), is a ciliated mucous

cell. Therefore, the main function of the esophagus is the

transportation of the food string toward the stomach while

it is being mixed with mucous. These cells provide

mechanical and chemical protection to the epithelial sur-

face and contribute to the formation of the food cord

(Relini Orsi 1969). Undifferentiated cells were not

observed in the esophagus as occurs in other ascidians

(Relini Orsi 1968, 1969; Ermak 1975). In several filter-

feeding ascidians the stomach presents a deeply folded

surface. The internal wall of stomach of C. gulosa is

smooth, and undifferentiated cells (UC) are scattered

throughout the epithelium. The CMC are very abundant in

the stomach of C. gulosa and we believe that these cell

types in this section have diverse functions, i.e., secretion,

transport and absorption. The main role played by CMC in

Fig. 2 a Gnathopod; b Hyperiid amphipod (head); c Calanoid copepods; d Harpacticoid copepod; e Ophiuroid; f Lumbrinerid polychaete;

g Medusa (Euphisora)
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the stomach appears to be the absorption of the extracel-

lularly digested food. Many authors (Burighel and Milanesi

1973; Burighel 1979; Buencuerpo 1991) have reported the

presence of zymogenic cells (ZC) in the internal walls of

ascidians and considered that these cells are responsible for

production of most of the digestive enzymes in the gut. In

the stomach of C. gulosa, ZC are present and probably with

this function. Nevertheless, a physiological study to

determine whether these cells are secreting different types

of digestive enzymes is needed.

In the inner intestinal epithelium, the most common cell

type was the CMC, which show big supranuclear vacuoles,

some cilia and apical cell basophilia. These cells may

perform absorption and mucous secretion functions as well

as transportation of the remaining non-digested material, as

was previously suggested (Goodbody 1974; Relini Orsi

1968, 1969; Buencuerpo 1991).

The finding of concretion cells (CC) in the stomach of

C. gulosa is unique among the ascidians. So far, intracel-

lular concretions have only been observed in the stomach

Fig. 3 Transverse section of

the esophagus. a General view;

b Close-up of ciliated mucous

cells (CMC) and mucous

secretion into the lumen

Fig. 4 Internal wall of the

stomach. a General view;

b Close-up of concretion cell

(CC) and their heterogeneous

inclusions (arrows)

Fig. 5 Internal epithelium of

the intestine. a General view;

b Close-up of ciliated mucous

cells (CMC)

Polar Biol (2011) 34:23–30 27

123



of Sorberacea (Gaill 1979), a macrophagous benthic tuni-

cate group whose classification remains unclear. Their

presence of concretion cells in Sorberacea, and now in

C. gulosa, may be interpreted as a result of a macropha-

gous-feeding habit.

The reduction in the branchial sac, the organ where

enzymatic digestion is initiated in tunicates (Fiala-Médioni

and Pequignat 1980), leaves this important function to be

developed exclusively in other gut sections. Besides the

pyloric gland, in some species (Pyurids, Molgulids), there

is a ‘‘liver’’ which produces digestive enzymes (Berrill

1929; Fouque 1959). When these structures are absent, the

digestive enzymes are produced in the gastric mucosa as

demonstrated by Relini Orsi (1968). In our study, the cells

which produce digestive enzymes, the zymogenic cells

(ZC), were found in the stomach and scattered throughout

the esophagus and intestinal epithelium. The wide distri-

bution of ZC along the gut could be considered as an

adaptation to the macrophagous diet, because the break-

down of exoskeletal hard parts present in some prey sup-

poses a high enzymatic activity.

The absence of endocrine and plicated cells in our

observations could be attributed to the methods employed

in this study. Staining with hematoxylin-eosin and obser-

vations under light microscope does not allow the differ-

entiation of these cell types, which are present in the

digestive tract of ascidians (Burighel and Cloney 1997) and

were detected by immunofluorescence and immunocyto-

chemistry in their study. However, it is likely that C. gul-

osa has these cells in the internal gut epithelium,

considering their important role in some tunicates. Endo-

crine cells probably take part in the regulation of the

digestion (Thorndyke and Georges 1988) and plicated cells

participate in fluid regulation in the absence of typical

excretory organs (Burighel et al. 1985).

The capture and assimilation of a wide variety of prey

coming from both the pelagic and the benthic systems

allow C. gulosa to grow in a critical environment. The

present results contribute to the better understanding of

deep-sea biology and the interaction between these asci-

dians and their environment.
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Instituto Antártico Argentino (IAA), Alfred Wegener Institute (AWI)

and the Universidad Nacional de Córdoba (UNC). This work was
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Sieg J, Wägele JW (1990) Fauna der Antarktis. Paul Parey, Berlı́n-

Hamburg

Sigsgaard SJ, Petersen JK, Iversen JJ (2003) Relationship between

specific dynamic action and food quality in the solitary ascidian

Ciona intestinalis. Marine Biol 143:1143–1149

Smith DL (1977) A guide to marine coastal plankton and marine

invertebrate larvae. Kendall/Hunt Pub Co, USA

Smith SL, Schnack-Schiel SB (1990) Polar zooplankton. In: Smith

WO Jr (ed) Polar oceanography. Part B: chemistry, biology and

geology. Academic Press, San Diego, pp 251–263

Stanwell-Smith D, Hood A, Peck LS (1997) A field guide to the

pelagic invertebrate larvae of the maritime Antarctic. British

Antarctic Survey, Cambridge

Tatián M, Antacli J, Sahade R Ascidians (2005) (Tunicata, Ascid-

iacea): species distribution along the Scotia Arc. In: Arntz W

(ed) The Magellan-Antarctic connection: links and frontiers at

high southern latitudes -IBMANT. Sci Mar 69:205–214

Teixido N, Garrabou J, Gutt J, Arntz WE (2007) Iceberg Disturbance

and Successional Spatial Patterns: the case of the Shelf Antarctic

Benthic communities. Ecosystems 10:142–157

Thomas NW (1970a) Mucus- secreting cells from the alimentary tract

of Ciona intestinalis. J Mar Biol Assoc UK 50:429–438

Thomas NW (1970b) Morphology of cells types from the gastric

epithelium of Ciona intestinalis. J Mar Biol Assoc UK 50:737–

746

Polar Biol (2011) 34:23–30 29

123



Thorndyke MC (1977) Observations on the gastric epithelium of

Ascidian Styela clava. Cell Tiss Res 184:539–550

Thorndyke MC, Bevis PJR (1978) Endocrine cells in the gut of the

ascidian Styela clava. Cell Tiss Res 187:159–165

Thorndyke MC, Georges D (1988) Functional aspects of peptide

neurohormones in prochordates. Soc Exp Biol Semin Ser

33:235–258

30 Polar Biol (2011) 34:23–30

123


	Identification of gut contents and microscopical observations of the gut epithelium of the macrophagous ascidian Cibacapsa gulosa Monniot and Monniot 1983 (Phlebobranchia, Octacnemidae)
	Abstract
	Introduction
	Materials and methods
	Results
	Prey items
	Histology

	Discussion
	Acknowledgments
	References



<<
  /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 0.1000
  /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 149
  /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 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 149
  /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 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 599
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


