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Abstract: African characiform fish species from genus Brycinus Valenciennes (family Alestiidae)
greatly vary in morphological characteristics. Moreover, recent genetic analyses suggest that validity
and systematic position of certain species are uncertain and confused, and further revision of entire
genus is required. Therefore, we considered to publish our finding from Cuanza River catchment in
Angola. In 2007, we captured four adult females of Brycinus sp. in Cuquema River, one of the main
tributaries of Cuanza River. These fishes were morphologically and genetically analysed and B. imberi
(Peters) and B. lateralis (Boulenger) were identified as the most similar species. Both mentioned species
can be easily distinguished from found Brycinus sp. by certain morphological characteristics and by
genetic sequences. Since adult males absent in our data set, we recommend future collecting trip focused
especially on mentioned males to confirm validity of suggested potentially new species.
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INTRODUCTION

The order Characiformes, one of the major lineages of ostariophysan fishes, is widely distributed
in freshwaters throughout the most of South and Central America, and continental Africa. New World
characiform fishes occur from the southern boundary regions of the United States to the central parts of
Chile and Argentina (Lundberg et al. 1998, Lopez et al. 2008, Froese and Pauly 2016). Characiform
fishes inhabit freshwater ecosystems within broad regions of sub-Saharan Africa with the exception of
the southern portions of the continent and the Horn of Africa (Orti 1997, Calcagnotto et al. 2005).
Several species occur through the Sahara Desert along the length of the Nile River basin (Stewart 2009).
Phylogenetic studies in recent decades determined three subunits among African characiform fishes: (i)
the clade consisting of the families Distichodontidae and Citharinidae (Vari 1979); (ii) the clade formed
by the putatively monotypic family Hepsetidae; and (iii) the assemblage recognized alternatively as
‘African Characidae’, Alestiinae, Alestiidac or Alestidae (hereafter referred to as Alestiidae) (Vari
1979). These studies revealed that mentioned three subunits of Characiformes do not jointly constitute
a monophyletic unit, being instead dispersed across the entire order phylogeny. This conclusion is
interesting both phylogenetically and in terms of the historical biogeographical relationships of the
South American and African freshwater ichthyofauna (Zanata and Vari 2005). The latter mentioned
subunit Alestiidae had been previously classified as subfamily of family Characidae (e.g., Greenwood
et al. 1966, Géry 1977, Orti 1997, Weitzman and Malabarba 1998). Nevertheless, Buckup (1998)
considered Alestiidae to be a valid family belonging to superfamily Alestioidea. Thus, this group of
characiform fishes formed one of the few freshwater fish families occurring in both South America and
Africa (Murray and Stewart 2002). This family currently comprises dwarf members generally grouped
in the “Petersiini”, and the genera Alestes Miiller and Troschel, Brycinus Valenciennes, Bryconaethiops
Gilinther and Hydrocynus Cuvier (Murray and Stewart, 2002). In total, 18 genera of the family (Froese
and Pauly 2016) are actually divided into three tribes: the Hydrocinini; the Alestini and the miniaturized
Petersiini (Hubert et al. 2005).
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Circa 118 valid species from family Alestiidae greatly vary in body and fin sizes, shapes and
occupied ecological niches (Froese and Pauly 2016). Alestiidae is the most speciose of all African
characiform families (Paugy and Schaefer 2007, Arroyave and Stiassny 2011). Many morphological
(Vari 1979, Buckup 1998, Zanata and Vari 2005) and molecular (Orti and Meyer 1998, Murray and
Stewart 2002, Hubert et al. 2005, Calcagnotto et al. 2005) studies considered this family to be
monophyletic. Contrary, certain recent studies focused on the Alestiidae phylogenetics this monophyly
rejected (Arroyave and Stiassny 2011, Decru et al. 2016).

The genus Brycinus belongs to the tribe Alestiini and is characterized by presence of a
rudimentary adipose eyelids, and by having two rows of pluricuspid teeth on the upper jaw (Paugy
2003). This genus (together with Alestes) is divided into three groups: (i) B. longipinnis (Glnther) —
small sized (maximum 140 mm standard length, SL), with fronto-parietal fontanelle always present; (ii)
B. nurse (Riippell) — medium sized (maximum 270 mm SL), with fronto-parietal fontanelle present in
juveniles but closed in adults; and (iii) B. macrolepidotus Valenciennes — large sized (maximum 530
mm SL), with fronto-parietal fontanelle always absent (Paugy 1986, Decru et al. 2016).

In total, seven Brycinus species are native to Angola: B. grandisquamis (Boulenger), B. humilis
(Boulenger), B. imberi (Peters), B. kingsleyae (Glnther), B. longipinnis, B. macrolepidotus, and B.
lateralis (Boulenger). The last species, B. imberi, is very widespread (Paugy 1986) with native range in
coastal watershed of the Gulf of Guinea and in the Congo basin in West and South Africa (Paugy, 2003);
in tributaries of the Great Lakes region in East Africa; and in the middle and lower Zambezi River (Balon
1971, Bell-Cross 1976) and in Phongolo River catchment (Skelton 2001) in southern Africa.
Aforementioned B. imberi is perceived as a species complex (Paugy 1986).

Since numerous original descriptions and taxonomic statutes of African characids are to a certain
degree confused in light of recent genetic analyses, the revision is strongly recommended by many
authors (Murray and Stewart 2002, Hubert et al. 2005, Stiassny and Mamonekene 2007, Arroyave and
Stiassny 2011, Decru et al. 2016). In order to contribute to the knowledge of fish from genus Brycinus
we considered to publish our findings from Cuanza River catchment in Angola with suggestion of one
potentially new species.

MATERIAL AND METHODS

Study locality and data collecting

During ichthyological survey in 2007 we sampled Cuanza River catchment on Bié Plateau in
Angola (Figure 1). The fishes were collected mainly by seine, rod and hand netting. Fish were
euthanized with overdose of the anaesthetic Phenoxy-2-ethanol diluted in water. All individuals were
fin-clipped for later DNA analyses, and specimens were fixed in formaldehyde and deposited in the
Aquatic Organism Collection at the Czech University of Life Sciences Prague, Czech Republic.

Figure 1 African characid (Brycinus sp.) from Cuanza River, province Bié, Angola

Morphological analysis

All specimen morphometric measurements were made with a digital calliper (accuracy of 0.01
mm). According to Boulenger (1900), Poll (1967) and Skelton (2001) following characteristics were
measured: number of scales in lateral line (1. 1.), number of perforated scales in canal on lateral line
between the head and the base of the caudal fin; number of scale rows above lateral line (Squ. sup.),
number of rows from dorsal fin base diagonally forward to the lateral line; number of rows below lateral
line (Squ. inf.), number of rows from pelvic fin base diagonally forward to lateral line; number of
unbranched dorsal fin rays (D-Du); number of branched dorsal fin rays (D-Db); number of unbranched
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anal fin rays (A-Au); number of branched anal fin rays (A-Ab); standard body length (SL), distance
between end of snout and end of scaled caudal fin base; total body length (TL), distance from front of
snout to end of longest caudal fin ray; head length (Ic), lateral distance from top of snout being closed
to mouth to posterior margin of operculum without gill membrane; maximum body height (H), distance
from highest point of ridge vertically down; predorsal distance (pD), distance from top of snout in
straight line to beginning of dorsal fin base; preanal distance (pA), distance from top of snout in straight
line to beginning of anal fin base; preventral distance (pV), distance from top of snout in straight line to
origin of pelvic fin base; length of caudal peduncle (Ipc), distance from to posterior end of scaled caudal
part of body; height of caudal peduncle (hpc), distance vertically between end of anal fin base and upper
margin of body; length of dorsal fin (ID); length of anal fin (1A); length of pectoral fin ray (IP), distance
between beginning and end of longest base of pectoral fin ray; length of pelvic fin ray (IV), distance
between beginning and end of longest base of pelvic fin ray; head width (lac), transverse distance
between margins at widest area of the head; horizontal diameter of eye (Oh), corneal diameter.

Genetic analysis

DNA was extracted in two individuals from small pieces of fish pectoral or ventral fins using
DNeasyTM Tissue Kit (Qiagen, Valencia, CA, USA). We amplified one mitochondrial gene -
cytochrome oxidase subunit I. Following primers were used for COI: forward primers 5'-TCA ACC
AAC CAC AAA GAC ATT GGC AC-3' and reverse 5'-TAG ACT TCT GGG TGG CCA AAG AAT
CA-3'. PCR was performed in a volume of 25 pl. An initial denaturation step for COI gene an initial
denaturation step was of 94 °C for 2 min, followed by 36 cycles of denaturation at 94 °C for 1 min,
annealing at 52 °C for 1 min and elongation at 72 °C for 1 min. The terminal extension was at 72 °C for
10 minutes. PCR products were sent the Macrogen service in South Korea (www.macrogen.com).

The chromatograms obtained were assembled by hand and eye check for potential errors. The
comparison specimens from Cuanza were obtained 61 sequences from the GenBank database. This
dataset was aligned using Clustal W is done in the software package BioEdit (Hall 1999). Both
sequences were submitted to GenBank (KX853170, KX853171). Family relationships were estimated
using Bayesian methods of analysis (BI) using MrBayes ver. 3.0 (Huelsenbeck and Ronquist 2001).

RESULTS AND DISCUSSION

In total, we captured four adult females of Brycinus sp. in Cuquema River, one of the main
tributaries of Cuanza River (Figure 2).

Detailed morphological measurements of analysed individuals are given in Table 1. Head twice
longer than wide; head width 9.7 to 10.5 times in TL; snout shorter than eye; eye width 2.9 to 3.1 in
head; depth of the body 4.6 to 5.0 times in TL. Head and body depressed dorsoventrally, eye pigmented.
Jaw not reaching front edge of the eye. Two rows of teeth on the upper and lower jaws: 16 teeth (8/8)
upper, 8 (6/2) lower. Number of dorsal-fin rays II-III 7; dorsal fin originating at the base of pelvic fins;
predorsal distance 1.9 to 2.0 times and preventral distance 2.1 times to SL. Number of anal-fin rays II
15. Pectoral fin 1.1 to 1.2 times of the head length, reaching ventral fin base. Caudal fin deeply forked.
Caudal peduncle 1.3 to 1.5 times longer than deep. Scales cycloid. Lateral line scales without
arborescent or anastomosing canals, 20 to 22 in total, 2 scales between lateral line and ventral fin base
and 5 scales between lateral line and dorsal fin base. Body colouration of live individuals silvery-
greenish with prominent dark stripe on lateral line reaching posteriorly behind caudal fin base, large
black blotch laterally on caudal peduncle not reaching the end of caudal fin. Individuals deposited at the
Czech University of Life Sciences (No. AOCAO1, AOCAO2, AOCAO3 and AOCAO4).

Based on genetic and morphological matching, B. imberi and B. lateralis (occurring also in
Cuanza River catchment) were identified as the most similar species to described Brycinus sp. Both
mentioned species can be distinguished from found Brycinus sp. by: (i) different depth of the body which
is 2.7 to 3.5 times in TL in B. imberi and 3.8 to 4.5 times in B. lateralis; (i) numbers of teeth in lower
jaws which is 10 (8/2) in both B. imberi and B. lateralis; (iii) number of dorsal-fin rays which is II 8 in
B. imberi and 1I-111 8 in B. lateralis; (iv) number of anal-fin rays which is II-III 14-16 in B. imberi and
HI-IV 15-16 in B. lateralis; (v) number of lateral line scales which is 30-33 in B. lateralis; and (vi)
colouration: B. imberi has a dark spot laterally behind the head above lateral line and large black blotch
laterally on caudal peduncle, and B. lateralis has a black lateral stripe extending to median rays of caudal
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peduncle and large black blotch laterally on caudal peduncle reaching the end of caudal fin (Boulenger

1909).

The final result of genetic analyses of the COI sequences consisted of 578 characters.
Phylogenetic reconstruction method recovered tree of genera Brycinus and Alestes. Both individuals
from Cuanza River identified as Brycinus sp. belong in the same group of B. imberi. Detailed results of
molecular analysis are shown in Figure 3.

Table 1 Detailed morphological measurements of analysed individuals

Characters
L1

Squ. sup.
Squ. inf.
D-Du
D-Db
A-Au
A-Ab
SL

TL

Ic

H

pD

pPA

pV

Ipc

hpc

1D

1A

1P

lac

Oh

AOCAOL1

66.43
81.44
16.94
18.92
35.52
49.82
31,0
10.85
8.25
5.88
8.49
15.58
8.19
5.83

AOCAOQO2

79.4
96.82
19.24
21.17
39.33
56.58
38.12
13.13
8.78
8.65
10.66
17.78
9.95
6.41

AOCAOQO3

77.14
93.65
18.8
19.92
39.56
54.92
37.86
12.9
8.45
8.57
11.29
17.43
9.23
6.25

AOCAO4

69.77
86.09
18.6
18.48
37.37
49.77
35.16
10.94
7.61
6.82
10.61
15.85
8.23
5.97

Figure 2 Map of Angola with locality where individuals of Brycinus sp.
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Figure 3 Detailed results of molecular analysis of the program MrBayes. Hepsetus odoe (Bloch) was
used as the outgroup

Hepsetus odoe HM882992

Brycinus longipinnis JF00940
Alestes sp. HM883011
Alestes sp. HM8E3013
Alestes sp. JES10500

Alestes baremoze HME82881
Alestes baremoze HM882882
Alestes dentex HMEBE82884
Alestes dentex HQ92T7823
Alestes dentex HM882883
Alestes baremoze JF800979
Alestes macrophrtalmus JFE00980
Alestes macrophtalmus KT192741
Alestes macrophtalmis KT192782
Alestes macrophtalmus KT192742
Alestes inferus JFR00982
Alestes liebrechisii KT193292
Alestes liehrechisii KT193291
Alestes liebrechisii JFR00981
Bryeinus longipinnis HM882864
Brycinus longipinnis HM882866
Bryvcinus longipinnis HM8828635
Brycinus longipinnis HM882863
Bryeinus longipinnis HM882862
| Bryeinus sp.”Congo™ KT193288
Brycinus sp."Congo”™ KT192969
Brycinus macrolepidotus JFE00950
Alestes grandisguamis KT192978
Alestes grandisquamis JF800951
Bryeinus sp. JF510504
Brycinus sp. HMB82855
Bryeinus cf. batesii JER00949
Brycinus poptae KT193297
Bryeinus poptae KT193200
Brycinus poptae KT193199
Brycinus popiae JFR00948

[ Hemigrammus marginatus HM906017
Hoplias malabaricus HQ600828

Brycinus nurse LIM8R2857
Brycinus nurse JER00957
Bryeinus nurse HMEB82786

Brycinus nurse JF510503
Bryeinus kingsleyae JF800961
Brycinus kingsleyae KT192765
Bryveinus bimaculatus K1193152
Brycinus bimaculatus JF800962
Brycinus imberi KT192889
Brycinus fwaensis JF800960
Bryeinus lareralis JFS00958
Brycinus sp. KXB53170 (AOCAO2)
Brycinus sp. KX853171 (AOCAQ3)
Brycinus macrolepidotus HME82859
Brycinus macrolepidotus HIMBB2R856
Bryeinus sp.”Eupulu” KT192829
Brycinus sp."Eupulu™ KT192746
Brycinus imberi KT192956
Brycinus imberi KT 192902
Brycinus imberi KT193240

Bryeinus imberi K1192955
Brvcinus imberi KT193418
Brycinus imberi KT192754
Bryveinus imberi KT192752
Brycinus imberi K1192956

0.08

CONCLUSION

Since genetic and morphological analyses suggested that found fishes belong to a new species of
Brycinus, we cannot validate the new taxon due to the absence of adult males in our data set. Therefore,
we recommend further collecting trip focused especially on mentioned males within the Cuanza River
catchment.

ACKNOWLEDGEMENTS

We thank Zuzana Musilova and Miloslav Petrtyl who participated in the collection of fish during the
project "Fish and Chicken". The research was financially supported by the Internal Grant Agency of the
Czech University of Life Sciences Prague “CIGA” (No. 20152007).

REFERENCES

Arroyave, J., Stiassny, M. L. J. 2011. Phylogenetic relationships and the temporal context for the
diversification of African characins of the family Alestidae (Ostariophysi: Characiformes): Evidence
from DNA sequence data. Molecular Phylogenetics and Evolution, 60: 385-397.

323 |Page



Mendel

Net

MENDELNET 2016

Balon, E. K. 1971. Replacement of Alestes imberi Peters, 1852 by A. lateralis Boulenger, 1900 in Lake
Kariba, with ecological notes. Fisheries Research Bulletin of Zambia, 5: 119-162.

Bell-Cross, G. 1976. The fishes of Rhodesia. Trustees of the National Museums and Monuments of
Rhodesia.

Boulenger, G. A. 1909. Catalogue of the Fresh—Water Fishes of Africa in the British Museum. Vol 1 &
2. British Museum (Natural History), Cromwell Road, SW.

Buckup, P. A. 1998. Relationships of the Characidiinae and phylogeny of characiform fishes (Teleostei:
Ostariophysi). Phylogeny and classification of neotropical fishes, Edipucrs, Porto Alegre, Brazil,123—
144,

Calcagnotto, D., Schaefer, S. A., DeSalle, R. 2005. Relationships among characiform fishes inferred
from analysis of nuclear and mitochondrial gene sequences. Molecular Phylogenetics and Evolution,
36: 135-153.

Decru, E., Vreven, E., Sadio, O., Snoeks, J. 2016. Brycinus epuluensis, a new species from the Epulu
River (Congo basin), Africa (Teleostei: Alestidae). Ichthyological Exploration of Freshwaters, 27(1):
49-60.

Froese, R., Pauly, D. Editors. 2016. FishBase. World Wide Web electronic publication. [Online].
Available at: www.fishbase.org. version (06/2016) [2016—09—-14].

Géry, J. 1977. Characoids of the World, USA: T.H.F Publications.

Greenwood, P. H., Rosen, D. E., Weitzman, S. H., Myers, G. S. 1966. Phyletic studies of teleostean
fishes with a provisional classification of living forms. Bulletin of the American Museum of Natural
History, 131(4): 339-455.

Hall, T. A. 1999. BioEdit: a user—friendly biological sequence alignment editor and analysis program
for Windows 95/98/NT. In Nucleic acids symposium series, 41, 95-98.

Hubert, N., Bonillo, C., Paugy, D. 2005. Early divergence among the Alestidae (Teleostei,
Ostariophyses, Characiformes): mitochondrial evidences and congruence with morphological data.
Comptes Rendus Biologies, 328: 477-491.

Huelsenbeck, J. P., Ronquist, F. 2001. MRBAYES: Bayesian inference of phylogenetic trees.
Bioinformatics, 17(8), 754-755.

Murray, A. M., Stewart, K. M. 2002. Phylogenetic relationships of the African genera Alestes and
Brycinus (Teleostei, Characiformes, Alestidae). Canadian Journal of Zoology, 80: 1887—1899.

Orti, G., Petry, P., Porto, J. I. R., Jégu, M., Meyer, A. 1996. Pattern of nucleotide change in
mitochondrial ribosomal RNA genes and the phylogeny of piranhas. Journal of Molecular Evolution,
42: 169-182.

Paugy, D. 1984. Characidae. In: Check—list of the freshwater fishes of Africa. CLOFFA. Volume 1.
ORSTOM, Paris & MARC: Tervuren, pp. 140-183.

Paugy, D. 1986. Révision systématique des Alestes et Brycinus africains (Pisces, Characidae), Paris:
Editions de 1’Orstom.

Paugy, D. 2003. Alestiini. In: Fresh and brackish water fishes of Western Central Africa. Volume 1.
IRD, Paris: MNHN, Paris & MRAC, Tervuren, pp. 350-381.

Poll, M. 1967. Contribution a la faune ichthyologique de ['Angola. Lisbon: Diamang Publicagdes
Culturais 75.

Skelton, P. H. 2001. A complete guide to the freshwater fishes of southern Africa, 2nd Edition. South
Africa, Cape Town: Struik Publishers.

Vari, R. P. 1979. Anatomy, relationships and classification of the families Citharinidae and
Distichodontidae (Pisces: Caracoidei). Bulletin of the British Museum (Natural History), Zoology, 36:
261-344.

Zanata, A. M., Vari, R. P. 2005. The family Alestidae (Ostariophysi, Characiformes): a phylogenetic
analysis of a trans—Atlantic clade. Zoological Journal of the Linnean Society, 145: 1-144.

324|Page

23
years



	Introduction
	MATERIAL AND METHODS
	Study locality and data collecting
	Morphological analysis
	Genetic analysis

	Results and Discussion
	In total, we captured four adult females of Brycinus sp. in Cuquema River, one of the main tributaries of Cuanza River (Figure 2).

	Conclusion
	Acknowledgements
	References


<<

  /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 1.7

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /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 false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 1200

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages false

  /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 false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 1200

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages false

  /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 false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 2400

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages false

  /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>

    /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.)

    /CZE <>

  >>

  /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 [4000 4000]

  /PageSize [612.000 792.000]

>> setpagedevice



