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CHARACTERISTICSOF THE REPRODUCTIVE SYSTEM IN SEXUALLY ADULT
FEMALES OF Sander lucioperca (L.) FROM DIFFERENT POPULATIONS
IN THE PERIOD OF THE REPRODUCTIVE CYCLE

FULGA Nina, TODERAS lon, NISTREANU Victoria, BULAT Dumitru,
BULAT Denis, RAILEAN Nadejda

Abstract. Histological studies of the reproductive system in Sander lucioperca females from different populations that live in the
water bodies of the Dniester and the Prut basin were performed. It was found that in the females of Dubasari reservoir the gonads
contain two generations of oocytes, whereas in the individuals from Costesti - Stanca reservoir the ovary is filled with only one
generation of eggs. In the individuals from Dubasari reservoir with asynchronous oocyte development throughout the annual
reproductive cycle, only one portion of the eggs is spawned, while the second generation of eggs undergoes resorption. As a result,
S lucioperca in both reservoirs spawns eggs only onetime.
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Rezumat. Car acterizarea sistemului reproducitor |la femelele sexual mature de Sander lucioperca (L) din diferite
populatii In perioada ciclului reproductiv. A fost efectuat studiul histologic al sistemului de reproducere lafemele din diferite
populatii de Sander lucioperca, din bazinele acvatice are réurilor Nistru si Prut. S-a constatat ci gonadele femelelor din lacul de
acumulare Dubasari contin doua generatii de oocite, Tn timp ce la cele din Costesti — Stanca, ovarele contin doar o generatie deicre.
Laindivizii din rezervorul Dubasari cu dezvoltarea asincrona a oocitelor de-a lungul ciclului de reproducere anual se genereaza doar
0 ponta, iar a doua generatie de oocite este supusi resorbtiei. Astfel, S. lucioperca din ambele rezervoare depune icre 0 singura data.

Cuvinte cheie: oocit, icre, gonade, resorbtie, vitelogeneza, vacuolizare, Sander lucioperca.

INTRODUCTION

Detailed studies on the elucidation of gametogenesis features in Sander lucioperca have been performed by
TRUSOV (1947; 1949). According to the author, in the females from Lake Ladoga and the Gulf of Parnu there is some
asynchrony in the oocytes growth in phases of vitellogenesis. However, it does not lead to a portioned spawning and it
was noted synchronic development of eggs in Sander lucioperca individuals from the Don, the Volga and the Kuban
rivers. On the basis of comparative histological examination of the gonads during the annual reproductive cycle,
TRUSOV established the dependence of sexual cells development on the environmental conditions of their habitat. In
the water basins, at different latitudes, in females there were found not only different degree of sexual cells
development asynchrony, but different duration of the particular phases of development during the annual cycle
(KOSHELEV, 1984).

The gametogenesis of S. lucioperca, inhabiting water bodies of the Dniester basin, was described in detail in
the papers of many authors. According to the data of STATOVA (1962), in sexually mature individuals from Dubasari
reservoir before the construction of Novo-Dnestrovsc hydroelectric station, the development of germ cells in the initial
phases of trophoplasmic growth in the period from August to October is asynchronous, but in the process of
vitellogenesis, the oocytes became equal in their development and toward spawning produced a single generation of
eggs. In more recent studies, KARLOV (1975) pointed to the emergence in the given water basin of up to 36% of the
individuals with asynchronous oocyte development, which lasted until their ovulation.

At the studies of S lucioperca oogenesis in Cuchurgan reservoir STATOVA (1973) emphasized the
differentiation of the females after the character of gametogenesis: in some individuals the sexual cells developed
asynchronously during the whole reproductive cycle, while in other individuals they developed synchronically. The
author connected the differences in gametogenesis with the individuals got in the reservoir from the Dniester River
when floods occurred.

In her work on the lower sector of the Dniester, CEPURNOVAVA (1975, 1991) notes a one-time spawning S.
lucioperca, despite some asynchrony in the development of oocytes in vacuolization phase, which is smoothed in
subsequent phases of trophoplasmic growth.

The present paper includes studies of the reproductive system of S lucioperca females inhabiting in the
anthropogenically modified conditions of Dubésari and Costesti-Stanca reservoirs, which are located in the Dniester
basin and the Prut basin respectively.
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MATERIAL AND METHODS

For the histological studies, mature females of S lucioperca were used, caught during the spring — winter
period (April-February) 2006-2011 from Dubisari and Costesti- Stanca reservoirs in amount of 56 and 42 individuals,
respectively. The gonad samples were fixed in Bouin's fluid, followed by treating according to standard methods.
Gonad maturity stages and phases of oocyte development were determined according to MEIEN (1939), developed for
teleosteans, with additions introduced by TRUSOV (1949) for Zander, as well as according to the recommendations of
SAKUN & BUTSKAIA (1963). Sections with athickness of 7 u were stained after Mallory (ROSKIN & LIVENSON,
1957). Micrographs were made using a microscope "Lomo, Mikmed-2" with video camera, using 10x magnification of
eyepiece, 15x of lens.

RESULTSAND DISCUSSIONS

Dubasari reservoir. According to the histological studies of the gonads in Dubasari reservoir there inhabit S,
lucioperca females with one, as well as with two generations of oocytes. In previous studies (TOMNATIK, 1964;
TOMNATIK & KARLOV, 1971), there were also observed females with asynchronous vitellogenesis. However, the
authors believed that asynchrony in the development of oocytes does not lead to portioned spawning and, eventually,
only one generation of eggs ovulates. When forming two generations of oocytes, our studies also indicate the spawning
of only the first portion of the eggs, while the second generation of germ cells undergoes resorption (Fig. 1).

Figure 1. Gonads after the spawning of the first egg portion. Oocytes of the 2™ generation at the beginning stage of resorption
(Ocular 10x, objective 15x).

In females with simultaneous development of germ cells in the gonads after spawning, the whole complex of
oocytes of the 2™ maturity stage remains that characterizes the one time spawning fish.

According to our earlier studies (FULGA & BODAREU, 1992), the spawning in S. lucioperca began in the
first and second decades of May. In modern conditions of Dubasari reservoir the females spawn eggs a month earlier
than usual. In control catches there are individuals with gonads at stage five in the second decade of April. In this case
the crucial role is played by the temperature factor. According to some researchers (STATOVA, 1959; TRUSOV, 1949)
the transition of S lucioperca ovary in the fifth maturity stage occurs quickly and lasts a few hours, so it is difficult to
determine the spawning time. As the authors point out, the time and duration of the spawning period may vary
depending on the temperature of the reservoir. As a result of increased water temperature in winter and spring, the
females caught at the beginning of the second decade of May had aready the second after spawning stage of gonads. In
this state the ovaries remain until September and then move in the third stage of maturity. During this period, the
development of eggs is asynchronous. According to the results of previous years (STATOVA, 1962; FULGA &
BODAREU, 1992) the oocytes transition to the original accumulation of fat droplets was accomplished in late October
and, by the spring (March-April), the oocytes have completed the process of accumulation of yolk granules and moved
into the forth stage of gonad maturity. The authors noted the uneven growth of germ cells in the initial phases of
trophoplasmic growth period. When gonads passing into the three-A maturity stage the asynchrony in the development
of eggs beginsto flatten.
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Currently, in females with a single generation of oocytes, it can be still observed the unevenness in their
development until the transition into a phase of initial accumulation of fat. In catches there are caught females with
gonads at stages three-A of maturity in early October. In February, the oocytes in these individuals results in the
accumulation of yolk granules and their gonads correspond to three-A-four stage of maturity (Table 1). The oocyte
transition in the phase of filled yolk oocyte in the winter months also was noted in previous studies (KARLOV, 1975).

Costesti-Stanca reservoir. In Costesti-Stanca reservoir S. lucioperca is a single time spawning fish. Its gonads
contain one generation of oocytes, as evidenced by the histological studies of female ovaries after they have completed
their spawning. Females, in the ovaries of which were found traces of spawning fall in catches in early April. Among
the spawned fish, there are aso present individuals with gonads at four-A and five stages of maturity that prove the
asynchronous maturation of individuals and extended spawning period, which lasts until the second decade of May.

After spawning the female gonads become the six-second stage of maturity and contain only oocytes of
protoplasmic growth and follicular membrane in the process of resorption (Fig. 2). It is known that after the resorption
of the follicular membrane the ovary passesin the second stage of maturity. According to the studies performed in the
past century (STATOVA, 1959; CEPURNOVA, 1975) in S lucioperca from Dubasari reservoir this process lasts about
a month. According to our data, the transition of gonads of sexually mature females from Costesti — Stanca reservoir
into the second stage of maturity occurs within a month and the duration of the protoplasmic growth of oocytes in
repeatedly maturing fish is about three months (Table 1).

Figure 2. Fragment of zander ovary after spawning (Ocular 10x, objective 15x).

Table 1. State of the reproductive system of sexually mature females of zander from different populations.

Time | Stagesof gonad maturity | Phases of oocyte development
Dubasari reservoir
2™ decade of April Y Maturation
VI Ovulation
May VI-11 Resorption of the empty follicular membranes and of second generation oocytes
June 1 Protoplasmic growth
July I Protoplasmic growth
August 1-111 Vacuolization of cytoplasm
September 11 Primary yolk accumulation
October 1% decade I1-A Initial fat accumulation
February 1-A-1V Completion yolk granules accumulation and fat droplets merge into larger
formations
Costesti-Stanca reservoir
1% decade of April IV-A Finishing of trophoplasmic growth
\ Maturation
Vi Ovulation
2" decade of May VI-11 Resorption of the empty follicular membranes
June Il Protoplasmic growth
July Il Protoplasmic growth
2" decade of August 1-111 V acuolization of cytoplasm
September 11 Primary yolk accumulation
October 2™ decade 11-A Initial fat accumulation
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The transition of the ovaries from the second to the third stage of maturity in females from Costesti-Sténca
reservoir occurs in the second decade of August till October and lasts about two months. In Sander lucioperca individuals
from Dubisari reservoir the transition duration in stage three of gonad maturity lasts two months (STATOVA, 1962),
while and in the Dniester estuary — four months, from June until late September (CEPURNOVA, 1991).

In the females of Sander Iucioperca from Costesti-Stanca reservoir as well as in the individuals from Dubasari
reservoir the development of eggs in the process of vacuolization occurs asynchronously (Fig. 3) and also continues
during filling vacuoles with yolk. In Sander lucioperca individuals at the northern boundary of the range, in the Gulf of
Parnu and Lake Ladoga, uneven growth of oocytes is observed up to their transition to ovulation (KOSHELEV, 1984).

Figure 3. Asynchronous development of oocytes in the phase of vacuolization (Ocular 10x, objective 15x).

The phase of primary accumulation of yolk is characterized by the appearance of vacuoles in the cytoplasm of
oocytes filled with yolk. The presence of a significant amount of such cells indicates the gonad transition to stage three of
maturity. Such females were caught in early October. The initial phase of fat accumulation is characterized by the presencein
the oocyte cytoplasm of clumps of yolk and scattered fat droplets between them. Oocyte membranes progressed in their
development. In the radial membrane the striation is clearly visible. Between the cells of the follicular epitheium there are
visible borders. In late October, during the transition of the gonads in the three-A stage of maturity and of oocytes to the
origind accumulation of fat droplets (end of October), the asynchrony in their development is smoothed. As a reault, in
females, tarting with stage three-A of maturity the gonads contain a single generation of eggs (Fig. 4). In some individuals
60% of the oocytes filled with yolk are affected by the resorption process (Fig. 5).

Figure 4. Synchronic development of oocytes in the phase on initial fat droplets accumulation (Ocular 10x, objective 15x).
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Figure 5. Ovary on the third maturity stage containing oocytesin the process of resorption (Ocular 10x, objective 15x).

In the seventies of the last century cases of mass resorption of oocytes in Sander lucioperca from Dubasari
reservoir were not observed (CEPURNOVA, 1975). But in subsequent years of studies, in this water basin, there were
identified females with destructive changes in the development of germ cells that have completed vitellogenesis
(FULGA & USATYI, 2008). Abnormalities in the structure of yolk oocytes in the absence of conditions for spawning
have also been reported for zander in the Danube (KUKURADZE, 1969) and the Volga delta (KOSHELEV, 1984).

CONCLUSIONS

1. In Dubasari reservoir, there inhabit Sander lucioperca females with one as well as with two generations of
oocytes. In individuals with asynchronous development of oocytes during the whole year, in the reproduction cycle only
one portion of eggs is spawn, while the second generation is subjected to resorption.

2. Due to the increased temperature of the water in the winter-spring period, in S lucioperca from Dubasari
reservoir, it has been a shift of the particular phases of sexual cells development at earlier terms and as a result the
zander spawning starts a month earlier than it was noted before the functioning of the Novo-Dniester hydroelectric
station.

3. In Costesti-Stanca reservoir the gonads S. lucioperca females contain one generation of oocytes. The
duration of spawning season lasts about six weeks (the first decade of April — the second decade of May). The state of
ovaries (the sixth-second stage of maturity) lasts one month and a half. The gonads of spawned females contain the
entire oocyte complex corresponding to the second stage of maturity that characterizes single time spawning fish.

4. In S lucioperca from Costesti-Sténca reservoir as well as in individuals from Dubasari reservoir with a
single generation of oocytes the growth in the period vacuolization and of initial accumulation of yolk granules is
asynchronous. Unevenness in the development of oocytes begins to flatten in the phase of primary fat accumulation.
Only starting from stage three-A of maturity their gonads comprise a single generating of oocytes.

REFERENCES

CEPURNOVA LIUDMILA. 1975. Razmnojenie Dnestrovskih rib. Edit. Stiinta. Chisinau. 51pp. [In Russian].

CEPURNOVA LIUDMILA. 1991. Zakonomernosti functionirovania gonad, razmnojenia i sostoiania populeatii rib
basseina Dnestra v usloviah ghidrostroitelistva. Edit. Stiinta. Chisinau. 162 pp. [In Russian].

FULGA NINA & USATYI M. 2008. Izmenenia v razvitii gonad u samok Sander lucioperca v antropogeno-
modifitirovanih usloviah Dubosarskogo vodohranilishea. Buletinul ASM. Stiinze ale Vieyii. 1: 121-126.

FULGA NINA & BODAREU N. 1992. Razvitie reproduktivnoi sistemi v protese polovogo sozrevaniea u rib v sovremenih
ud oviesh Dubosarskogo vodohranilishea. Departament of Scientific Publications. Bdarus: 2-9. [In Russian].

KARLOV V. 1975. Biologiceskie osnovi kulituri sudaca (Lucioperca lucioperca L.) v iskustvenih vodoiomah Moldavii.
Avtoreferat disertii na soiskanie ucionoi stepeni kandidata biol oghiceskih nauk. Kishinev. 19 pp.

KOSHELEV B. 1984. Ecologhia razmnojenia rib Edit. Nauka. Moskva. 308 pp. [In Russian].

KUKURADZE K. 1969. Biologia sudaca nizoviea Dunaea | pridunaiskih vodoiomov. Avtoreferat disertii na soiskanie
ucionoi stepeni kandidata biologhiceskih nauk. Leningrad. 20 pp. [In Russian].

MEIEN V. 1939. K voprosu o godovom tikleizmenenii eaicnicov kogtigtih rib. 1zvestiya AN SSSR. 3: 385-420. [In Russian].

145



FULGA Nina TODERAS lon  NISTREANU Victoria ~ BULAT Dumitru, BULAT Denis  RAILEAN Nadejda

ROSCHIN G. & LIBENSON L. 1957. Mikroskopiceskaia tehnika. Edit. Sovetskaia Nauka. Moskva. 478 pp. [In Russian].
SAKUN OLIGA & BUTSKAIA NADEJDA. 1963. Opredelenie stadii zrelosti | izucenie polovih tiklov rib. Edit.
Nauka. Moskva. 17 pp. [In Russian].
STATOVA MARIA. 1959. Izmenenie gonad | gipofiza samok sudaka (Lucioperca lucioperca L.) Dubosarskogo
vodohranilishea v protese polovogo sozrevaniea. |zv. MFAN SSSR. Moskva. 7(61): 77-90. [In Russian].
STATOVA MARIA. 1962. Polovoe sozrevanie sudaka Dubosarskogo vodohranilishea. Zonalinoe sovesheanie po
tipologii i biologiceskomu obosnovaniiu ribohozeaistvenogo ispolizovaniea vnutrenih vodoiomov iujnoi zoni
SSSR. Edit. Stiinta. Chisinau: 366-370. [In Russian].

STATOVA MARIA. 1973. Polovie tikli rib s odnokratnim ikrometaniem. Monogr. Kuciurganskii liman-ohladiteli
Moldavskoi GRES Edit. Stiinta. Chisinau: 153-158. [In Russian].

TOMNATIK E. 1964. Ihtiofauna Dubosarskogo vodohranilishea, eio izmenenie i puti uvelicenia zapasov promisiovo-
tenih vidov rib. Monogr. Dubosarskoe vodohranilishe. Edit. Nauka. Moskva: 175-209. [In Russian].

TOMNATIK E. & KARLOV V. 1971. Vozrast polovogo sozrevania i plodovitosti sudaka Dubosarskogo
vodohranilishea. Biologiceskie resursi vodoiomov Moldavii. 8: 71-76. [In Russian].

TRUSOV V. 1947. Gistologiceskii analiz tak nazivaemoi IV stadii zrelosti eaicnikov sudaka. Trudi Lab. Osnov
ribovodstva L. G. U. T I. Leningrad: 155-167. [In Russian].

TRUSOV V. 1949. Godicnii tikl eaicnikov donskogo sudaka (Lucioperca lucioperca L.) i osobenosti otdelinih
momentov tikla u sudaka drugih vodoiomov . Trudi Lab. Osnov ribovodstva. L. G. U. T. I. Leningrad: 121-
147. [In Russian].

Fulga Nina, Toderas lon, Nistreanu Victoria, Bulat Dumitru, Bulat Denis, Railean Nadejda,
The Institute of Zoology of the ASM, Academiei Str. 1, Chisinau, Republic of Moldova.
E-mail: fulganina@yahoo.com

Received: March 3, 2014
Accepted: April 10, 2014

146




<<
  /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
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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


