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Abstract: Diploneis Ehrenberg ex Cleve is a diverse genus, with species predominantly from epipelic,
marine habitats; there are a few freshwater representatives. In 1933 Frenguelli reported four taxa of this
genus at the Esteros del Iberd, a vast subtropical wetland from Argentina. Two of the four taxa reported
were new for science. One of the reported species was Diploneis elliptica (Kiitzing) Cleve (Basionym:
Navicula elliptica Kiitzing) a species cited from very diverse environments of every continent.

In this study the type material of Navicula elliptica Kiitzing, deposited at the Natural History Museum
in London, was analyzed with scanning electron microscopy and its valve fine structure described.
Comparison of this type material with others studied under SEM from America, Europe, Africa and Asia
indicate that D. elliptica has been widely misidentified. The materials from Ibera, Argentina, deposited
under this name in the Frenguelli’s Collection at the Museo de Ciencias Naturales de La Plata, belong to
a new species, described here as Diploneis sudamericana. These two taxa are very similar when analyzed
with LM but clearly differ in the striae and areolae structure. D. sudamericana has uniseriate striae at valve
center and biseriate near the valve margin; the alveoli are externally occluded by a unique complex cribrate
occlusion. This species also differs from others in the areolae of the longitudinal canals and the external
proximal raphe ends.

Key words: diatoms, freshwater, Diploneis elliptica; Diploneis sudamericana, type material.

Introduction

In recent years, a number of publications appeared concentrating on the study of type material
to clarify the identity of several diatom taxa, especially of those that are frequently reported
in the ecological literature. With increased use of diatoms as indicators of ecosystem health,
establishing the identity of at least the most common taxa could improve the accuracy of
ecological diagnostic tools relying heavily on the most inclusive taxonomic categories as the
basic units expressing environmental change.

Diploneis Ehrenberg ex Cleve (1894) is a large and diverse genus, with species predominantly
from epipelic, marine habitats and a few freshwater representatives. Frustules of Diploneis
are typically elliptical to panduriform, with bluntly rounded apices. Each valve possesses two
longitudinal canals, one on each side of the raphe. The canals are positioned within the silica
cell wall and open to the exterior through areolae, but lack openings to the interior of the cell.
The frustules are heavily silicified, with complex loculate areolae. Externally the arcolae are
occluded by volae or cribra, finely punctate, and internally the alveoli are covered by a delicate
silica membrane. The areolae, internal and external raphe ends, alveoli between the longitudinal
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canal, and the valve margin, are diagnostic features to identify species: (Idei & Kobayasi 1989),
(Jovanovska et al. 2015).

In a study about the diatom flora of the Esteros del Ibera, a subtropical wetland from
Argentina, Frenguelli (1933) reported Diploneis elliptica Kiitzing; Diploneis elliptica var. tropica
Zimmerman, Diploneis subovalis var. argentina Frenguelli and Diploneis zannii Frenguelli.
When analyzing with electron microscope raw materials from the Esteros del Iberd deposited
in the Frenguelli’s Collection, we found that the specimens that fitted with the materials that
Frenguelli assigned to Diploneis elliptica have a combination of characters not described in the
literature.

Diploneis elliptica (Kiitzing) Cleve (Basionym: Navicula elliptica Kiitzing) is a species
cited from very diverse environments of every continent (Guiry & Guiry 2017), but the only
reference to the type material was with light microscopy by Lange-Bertalot & Reichardt (2000).
In Argentina, the species was widely mentioned — nearly 30 records — in lakes and rivers of
different ecoregions, from Puna to Patagonia, with different environmental characteristics:
(Luchini & Verona 1972), (Tell 1985), (Vouilloud 2003). Only a few records are accompanied
by LM illustrations, but there are none with SEM.

The fine morphology of the materials from Ibera differed from that described for materials
mentioned in the literature as D. elliptica from other regions of the world in Krammer (1981),
Krammer & Lange Bertalot (1986) and Jovanosvka et al. (2015). To confirm the identity of this
species we examined with SEM the type material of Navicula elliptica deposited at the Natural
History Museum in London.

The aim of this study is to describe the valve morphology of the type material of Diploneis
elliptica (Kiitzing) Cleve and to clarify the identity of the materials from the Esteros del Ibera
described by Frenguelli as Diploneis elliptica.

Materials and methods

Study area: Esteros of Ibera (Corrientes Province, Argentina) is a vast wetland that comprises
13,000 km? (1,300,000 has). This is a rain-fed, subtropical ecosystem (1200—1500 mm/year).
It is a heterogeneous system of interconnected lagoons, marshes, streams and sandy banks.
The drainage has a NE-SW reduced flow to the median basin of the Parana River. The mean
annual temperature is 21° C, with minimum of -2° C and maximum of 44° C. Waters are poorly
mineralized with electric conductivities ranging from 15 to 45 uS.cm’!, pH ranging from 5 to 7,
and high levels of organic matter: Ramsar (2015).

Analysed material:
Diploneis elliptica sensu Frenguelli 1933

The analysed material belongs to the Series 260—266 and 268, Frenguelli Collection deposited at
the Division Ficologia of the Museo de Ciencias Naturales de La Plata.

Series 260: aquatic macrophytes, Concepcion marsh, Corrientes Province, Argentina. December
6" 1923. Coll. J. Frenguelli. Slides 1-6 and raw material.

Series 261: aquatic macrophytes, Carambola marsh, Corrientes Province, Argentina. December
8™ 1923. Coll. J. Frenguelli. Slides 1-6 and raw material.

Series 263: aquatic macrophytes, Camba marsh, near Estancia Guayaibi, Corrientes Province,
Argentina. December 12, 1923. Coll. J. Frenguelli. Slides 1-5 and raw material.

Series 264: aquatic macrophytes, Carambola marsh, near San Miguel town, Corrientes Province,
Argentina, December 12", 1923. Coll. J. Frenguelli. Slides 1-5 and raw material.

Series 268: bottom slime, Itati-Rincon Lagoon, Corrientes Province, Argentina. November 1922.
Coll. T. Zanni. Slides 1-8 and raw material.
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Navicula elliptica Kiitzing

BM 001231786, Natural History Museum of London, UK. Mica fragment, Kiitzing Collection
N° 1774 b. Locality: Falaise, France.

The slides of the Frenguelli Collection were observed with a light microscope (LM) Leica
equipped with DM 2500 phase contrast and a Leica DM 2500 with DIC (differential interference
contrast). Type specimens were referenced with an England Finder TM Graticule.

Raw material was treated to eliminate organic matter following the method described in CENT/
TC 230 (2002). It was mounted on alumni stubs and then coated with gold for observation with
scanning electron microscopy (SEM).

Material mounted on mica was treated with glass cleaner liquid to separate the specimens from
mica and then was filtered through a 5 um polycarbonate filter. The dried filter was sputter coated
with gold.

Observations with SEM were carried out in a Jeol JSM-T100 SEM at the Servicio de Microscopia
Electronica del Museo de La Plata and a Carl Zeiss NTS SUPRA 40 SEM in the Centro de
Microscopias Avanzadas (CMA) de la Universidad de Buenos Aires.

Terminology used is that suggested in Idei & Kobayasi (1989), Round et al. (1990) and Jova-
novska et al. (2015).

Results

Navicula elliptica Kiitzing

Figs 1-19

Basionym of Diploneis elliptica (Kiitzing) Cléve

Fifteen specimens of the type material of N. elliptica Kiitzing were found under SEM.

Description: SEM. Valves are widely lanceolate. Longitudinal canals H-shaped, occupy 1/4—1/3
of the valve width at the valve center, narrowing to the poles ending in acute ends (Figs 1-4, 13—
15). Externally, the raphe is filiform with the shape of the proximal raphe ends being variable, the
variability is attributed to different degrees of erosion of the analyzed specimens (Figs 5—6) and
distal ends curved to the same side (Figs 1-3, 7). Central area is elliptic and axial area is straight.
The longitudinal canals open in two rows of areolae at valve center (Figs 5-6) and one row to
the poles (Fig. 1). Areolae have cribrate occlusions slightly sunken (Fig. 9 black arrows). At the
central area the canals are sunken and elevated to the poles (Fig. 8). Striae are uniseriate, radial
all along the valve, more pronounced at the poles (Figs 1-4, 13—15). Areolae have external cribra
slightly sunken (Fig. 9, white arrows); they are simple near the canals and complex to the valve
margin (Figs 10, 12 arrow). The external valve margin has a zipper-shaped structure (Fig. 12,
arrowheads). Internally, the raphe is straight and runs in a longitudinal depression demarcated by
the canals (Figs 13—14). Transapical costae delimit the alveoli that extend from the canals to the
valve margin (Figs 13—17). The alveoli are covered by a thin silica membrane (Figs 16, 17 white
arrows) and the areolae open in round foramina (Fig. 16 black arrows). The valvocopula is wide
and smooth, without areolae (Fig. 11); its pars interior is fimbriate and each fimbria overlaps the
costae (Figs 15, 17, 19, arrowheads).

The analyses with LM of the slides deposited in Frenguelli Collection showed 16 specimens
that coincide with Diploneis elliptica sensu Frenguelli and 12 exemplars were found in the SEM.
These materials clearly differ from Navicula elliptica in striae structure. They also differ from
other species described in the literature so we propose it as a new species for science.
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Plate 1. Figs 1-7. Diploneis elliptica. SEM. Specimens of type population. External valve views. Figs
1-3. Whole valve (Fig.1 was obtained with backscattered electrons). Fig. 4. Tilted view of a broken
valve. Figs 5-6. Details of the valve center, note the prominent central nodule and the areola on the
sunken canal. Fig. 5. Note the eroded proximal raphe ends. Fig. 7. Detail of an apex in external view,
see the terminal raphe fissure. Scale bars: Figs 1-4: 10 ym; Figs 5-7: 2 ym.
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Plate 2. Figs 8-12. Diploneis elliptica. SEM. Specimens of type population. External valve views. Fig. 8.
Tilted valve showing valve mantle and the valvocopula. Fig. 9. Detail of the areola on the canal (black
arrows), the hyaline longitudinal line and the areolae on the alveoli (white arrows). Fig. 10. Details of
the areola (eroded valve surface). Fig. 11. Detail of the mantle and smooth valvocopulae. Fig. 12. Detail
showing the complex cribrate openings of areolae and the zipper-shaped structure (arrowheads) at
valve margin. Scale bars: Fig. 8: 10 ym; Figs 9—11: 2 ym; Fig. 12: 1 pm.
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Plate 3. Figs 13—19. Diploneis elliptica. SEM. Specimens of type population. Internal valve views. Figs
13—-14. Whole valves. Fig. 15: Broken valve. Figs 16—17. Details showing alveoli covered with thin
layer of silica (white arrows) and internal foramina (black arrows). Fig. 18. Details of the valve margin
in showing scalloped border corresponding to zipper-shaped structure (arrowheads). Fig. 19. Detail of
costae showing fragments of fimbriae of valvocopula (arrowheads). Scale bars: Figs 13—15: 10 um;
Figs 16—-17: 2 ym; Figs 18—-19: 1 ym.
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Diploneis sudamericana Vouilloud & Sala nov. sp.

Figs 2041

Synonyms: Diploneis elliptica Kiitzing sensu Frenguelli 1933

Diploneis subovalis Cleve sensu Metzeltin et al. 2005

Holotype: Slide 268-2, Finder N42(4) (Figs 26-27)

Type locality: Itati Rincon Lagoon, Esteros del Ibera, Corrientes Province, Argentina.
Etymology: the specific epithet refers to the region where the species was found.

Description: LM. (Figs 20-30). Valves are elliptic. Longitudinal canals are wide, they occupy
1/4-1/3 of the valve width at the valve center and narrow to the poles ending in acute ends.
Externally, the canals are delimited by a hyaline longitudinal line and have round areolae
irregularly arranged. Central area is round to ovoid and axial area is slightly wide at valve center,
narrowing to the valve ends. Striae, uniseriate to the axial area and biseriate to the valve margin,
are slightly radial at valve center and strongly radial to the ends.

SEM. (Figs 31-41). Externally, the raphe is filiform (Figs 31-34) with proximal ends curved to
the same side in a round depression (Fig. 33); distal ends are curved at obtuse angles (Fig. 34).
The longitudinal canals have 1-2 rows of areolae occluded by volae (Figs 3234 arrowheads),

separated from the striaec by a conspicuous hyaline area (Fig. 33). At the valve exterior each
alveolus has a single opening covered by a complex cribrate occlusion (Figs 32—33). Internally,

Plate 4. Figs 20—30. Diploneis sudamericana sp. nov. LM. Valve views, showing population variability.
Figs 26-27. Holotypus. Scale bar: 10 pym.
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Plate 5. Figs 31-34. Diploneis sudamericana sp. nov. SEM. External valve views. Fig. 31. Whole valve.
Fig. 32. Tilted valve showing valve surface and mantle, white arrowheads show details of the areolae
of the longitudinal canals. Fig. 33. Detail of the valve center, note the central area, the proximal raphe
ends, the areolae covered with volae on the canal (arrowhead) and the complex cribrate occlusion over
the alveoli. Fig. 34. Detail of an apex in external view, see the terminal raphe fissure and the areolae
covered with volae on the canal (arrowheads). Scale bars: Fig 31: 10 um; Figs 32—-34: 2 ym.
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Plate 6. Figs 35—41. Diploneis sudamericana sp. nov. SEM. Internal valve views. Figs 35-36 Whole
valve. Figs 37—41. Details of internal views showing the simple proximal and distal of raphe ends,
helictoglossae slightly developed, alveoli covered with thin layer of silica (white arrows) and internal
foramina, single at valve center becoming double to the valve margin (black arrows). Scale bars: Figs
35-36, 41: 10 ym; Figs 38-39: 5 uym; Figs 37, 40: 2 uym.
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the raphe is straight and filiform running through a sunken area between the longitudinal canals
(Figs 35-37, 39); proximal and distal ends are simple and helictoglossae are slightly developed
(Figs 37-39). Costae are straight delimiting the alveoli which are covered by a thin silica
membrane (Fig. 37 white arrows). Areolae open in single foramina to the valve center becoming
double to the valve margin (Figs 3941 black arrows). Valve margins smooth (Figs 37-39).

Discussion

The analyses with SEM of the type material of Diploneis elliptica allowed us to verify if this
broadly distributed species has been properly identified in the past. This European material,
among other fine morphological characteristics, has uniseriate striae with slightly sunken cribra
becoming more complex to the valve margin; longitudinal canals externally depressed and valve
margins with a zipper-like structure. The comparison with other records of the species also
studied with SEM demonstrated that there is a great confusion about the identity and distribution
of this taxon.

Diploneis elliptica was originally described as Navicula elliptica by Kiitzing in 1844 from
samples collected at Falaise, France. In the original description Kiitzing only mentions that the
species is 45 pm long and that it is “distinctively” striated with 12—13 striae in 10 pm. In 1894,
Cleve (p. 92) transferred the species to the genus Diploneis, and described it as “Valve elliptical,
with broad and rounded ends. L. 0.02 to 0.037; B. 0.011 to 0.02 mm. Central nodule of medium
size quadrate. Furrows narrow, of the same breadth throughout. Transverse rows of puncta 10 to
13in 0.01 mm. Alveoli 10 to 14 in 0.01 mm forming irregular longitudinal rows”. The author did
not illustrate the species but he referred it to Kiitzing's drawings. Among others he mentioned
illustrations in Van Heurck (1880) P1. X Fig. 10 (upper figure) and Schmidt’s Atlas VII f. 29, 32.
It seems that these materials do not belong to the same taxon, as the drawings show an important
morphological variation and SEM analyses are necessary to confirm their identity.

Afterwards, Krammer & Lange-Bertalot (1986) gave a wide range of dimensions for D.
elliptica and showed the areola structure (P1. 108, fig. 6). Besides, the authors mention it as an
epipelic cosmopolitan taxon frequent in temperate oligotrophic waters. Cocquyt (1998) reported
D. elliptica from Lake Tanganyika (Central Africa) and illustrated one specimen with SEM.
Recently, Jovanovska and collaborators (2015) studied with SEM and described specimens
collected in Lake Hovsgdl (Mongolia) under this name. All of these specimens differ from the
type material here described. These observations demonstrated that D. elliptica is a misidentified
taxon that has probably been erroneously considered cosmopolitan.

Diploneis sudamericana is similar to D. elliptica when analyzed with LM (see Lange-Bertalot
& Reichardt 2000: Pl. 7, Figs 1-3). Morphometric parameters of D. sudamericana coincide
with dimensions given in Cleve (1894) but the type specimens illustrated in Lange-Bertalot &
Reichardt (2000) are larger and have fewer striac and areolae in 10 pm (Table 1). These two
species clearly differ in the striae structure, uniseriate at valve center and biseriate near the valve
margin in the former while in the latter they are completely uniseriate. They also differ in the
structure of the alveolus that is externally occluded by a unique complex cribrate occlusion in
D. sudamericana, while in D. elliptica it is occluded by distinctive areolae with external cribra;
those cribra are simple near the canals and complex towards the valve margin. Other important
differences are the areolae of the longitudinal canals and the external proximal raphe ends.

The specimens described by Metzeltin et al. (2005) as D. subovalis Cleve collected in Tacuari
Stream and Rio de La Plata (Uruguay), correspond to D. sudamericana. Diploneis subovalis is
similar to D. sudamericana, in dimensions and LM valve structure (Cleve 1894) but these two
species differ in that D. subovalis has narrow longitudinal canals, longer valves and 18 areolae
/10 um (Table 1).

Diploneis kahlii Lange-Bertalot & Rumrich (Rumrich et al. 2000), described from River Las
Cruces (Chile), is similar to D. sudamericana (Table 1) but it differs in that the canals are narrow
the length of the valve and in the areolae of the canals that are continuous with the striae.
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Diploneis krammeri Lange-Bertalot & Reichardt (2000), a species that was described from
the Alps in Austria, is also similar to D. sudamericana as viewed with LM (Table 1), but clearly
differs in the fine structure of the valve. The longitudinal canals at the valve centre are externally
depressed and have two rows of areolae, while at the ends they are elevated and have a single
row of areolae. Besides, the striae are uniseriate, composed of rounded cribrate areolae.

The results of this study show once more the importance of analyzing the fine morphology
of the type materials, particularly of those taxa early described and considered cosmopolitan.

Acknowledgments

The authors want to thank Mr Edgley Cesar, Curator of the Cryptogamic Herbarium (Diatoms) of the
Natural History Museum of London who kindly sent to us the type material of Navicula elliptica Kiitzing.
We also want to thank Dr. Patrick Kociolek and Dr. Maxim Kulikovskiy who honored us inviting us to
participate in this special number to celebrate Prof. Dr. Galina Khursevich’s 75th birthday.

References

CEN/TC 230 (2002): Water quality-Guidance standard for the routine sampling and pretreatment of benthic
diatoms from rivers. European Standard. Standard reference 13946.

Cleve, P.T. (1894): Synopsis of the naviculoid diatoms. Part I. — Kongliga Svenska Vetenskapsakademiens
Handlingar, series 4, 26(2): 1-194, 5 pl.

Cocquyt, C. (1998): Diatoms from the Northern Basin of Lake Tanganika. — Biblioth. Diatomol. 39: 1-276.
—J. Cramer, Berlin, Stuttgart.

Frenguelli, J. (1933): Contribucién al conocimiento de las Diatomeas Argentinas. Diatomeas de la region
de los Esteros del Ybera (en la Provincia de Corrientes). — Anales Mus. Nac. Hist. Nat. Buenos Aires
37, Prostitol. 3: 365-476.

Guiry, M.D. & Guiry, G.M. (2017): AlgaeBase. World-wide electronic publication, National University of
Ireland, Galway. http://www.algaebase.org; searched on 01 July 2017.

Idei, M. & Kobayasi, H. (1989): The fine structure of Diploneis finnica with special reference to the
marginal openings. — Diatom Res. 4: 25-37.

Jovanovska, E., Levkov, Z. & Edlund, M.B. (2015): The genus Diploneis Ehrenberg ex Cleve (Bacilla-
riophyta) from Lake Hovsg6l, Mongolia. — Phytotaxa 217: 201-249.

Krammer, K. & Lange-Bertalot, H. (1986): Siisswasserflora von Mitteleuropa. 1. Teil: Naviculaceae.
1-876. — VEB Gustav Fischer Verlag, Jena.

Kiitzing, F.T. (1844): Die Kieselschaligen Bacillarien oder Diatomeen. pp. [i—vii], [1]-152, pls 1-30.
Nordhausen, W. Kéhne.

Lange-Bertalot, H. & Reichardt, E. (2000): Diploneis ovalis sensu stricto und Diploneis krammeri nov.
spec. Revision des aktuellen Konzepts von Diploneis ovalis (Hilse) Cleve. — Iconogr. Diatomol. 9:
650-669. Koeltz Sci. Books.

Luchini, L. & Verona, C.A. (1972): Catalogo de las diatomeas argentinas. I. Diatomeas de aguas
continentales (incluido el Sector Antartico). 1-304. — Comision de Investigaciones Cientificas de la
Provincia de Buenos Aires, La Plata.

Metzeltin, D., Lange-Bertalot, H. & Garcia-Rodriguez, F. (2005): Diatoms of Uruguay. Compared with
other taxa from South America and elsewhere. — Iconogr. Diatomol. 15: 1-736. — Koeltz Sci. Books.

Ramsar Sites Information Services. Lagunas y Esteros del Ibera. https://rsis.ramsar.org/ris/1162. 8 Mar.
2015

Round, F.E., Crawford, R.M. & Mann, D.G. (1990): The Diatoms: Biology and morphology of the genera,
p- 1-747. — Cambridge University Press, Cambridge.

Rumrich, U., Lange-Bertalot, H. & Rumrich, M. (2000): Diatomeen der Anden von Venezuela bis
Patagonien/Feuerland und zwei weitere Beitrdge. — Iconogr. Diatomol. 9: 1-672. — Koeltz Sci. Books.

Schmidt, A. (1875): Atlas der Diatomaceenkunde. Series I (Heft 2): pls. 5-8. — Aschersleben, Commissions-
Verlag von Ludwig Siever‘s Buchhandlung.

Tell, G. (1985): Catalogo de las algas de agua dulce de la Republica Argentina. — Biblioth. Phycol. 70:
1-283. — J. Cramer, Vaduz.

Van Heurck, H. (1880): Synopsis des Diatomées de Belgique Atlas. pls [-XXX. — Ducaju et Cie. Anvers.

Vouilloud, A.A. (2003): Catalogo de diatomeas continentales y marinas de Argentina. V. 1.0: 1-308. —
Asociacion Argentina de Ficologia, La Plata.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX3:2002
  ]
  /PDFX1aCheck false
  /PDFX3Check true
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <FEFF00450053005f007000720069006e0074005f00310033005f006f0068006e0065005f006b006f006d0070>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




