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Abstract The contribution of mycorrhizal associations to
maintaining tree diversity patterns in tropical rain forests is
poorly known. Many tropical monodominant trees form
ectomycorrhizal (EM) associations, and there is evidence
that the EM mutualism contributes to the maintenance of

monodominance. It is assumed that most other tropical tree
species form arbuscular mycorrhizal (AM) associations,
and while many mycorrhizal surveys have been done, the
mycorrhizal status of numerous tropical tree taxa remains
undocumented. In this study, we tested the assumption that
most tropical trees form AM associations by sampling root
vouchers from tree and liana species in monodominant
Dicymbe corymbosa forest and an adjacent mixed rain
forest in Guyana. Roots were assessed for the presence/
absence of AM and EM structures. Of the 142 species of
trees and lianas surveyed, three tree species (the mono-
dominant D. corymbosa, the grove-forming D. altsonii, and
the non-dominant Aldina insignis) were EM, 137 were
exclusively AM, and two were non-mycorrhizal. Both EM
and AM structures were observed in D. corymbosa and D.
altsonii. These results provide empirical data supporting the
assumption that most tropical trees form AM associations
for this region in the Guiana Shield and provide the first
report of dual EM/AM colonization in Dicymbe species.
Dual colonization of the Dicymbe species should be further
explored to determine if this ability contributes to the
establishment and maintenance of site dominance.
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Introduction

Mycorrhizal associations are thought to have a significant
influence on patterns of plant community diversity (Dhillion
1994; Klironomos et al. 2000; van der Heijden et al. 2003),
but the magnitude of this influence in tropical rain forests is
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unknown. It is widely accepted that most tropical trees form
arbuscular mycorrhizal (AM) associations (Alexander 1989;
Janos 1983, 1985; St. John 1980), and while many surveys
of mycorrhizal associations in tropical rain forests exist
(Bakarr and Janos 1996; Bereau and Garbaye 1994; Hopkins
et al. 1996; Reddell and Milnes 1992; Smith and Smith
1997), there are still many tree species for which mycorrhizal
status is undocumented. The relative paucity, or absence, of
boreal/temperate ectomycorrhizal (EM) woody plant families
(e.g., Fagaceae, Betulaceae, Pinaceae, etc.) from lowland
tropical forests has contributed to the assumption that most
trees in lowland tropical rain forests are AM (Janos 1983,
1985). EM associations have been observed in selected
genera in the humid tropics, primarily from the families
Caesalpiniaceae, Fabaceae, Gnetaceae, Euphorbiaceae,
Myrtaceae subfam. Leptospermoideae, Nyctaginaceae,
Araucariaceae, and Polygonaceae (Alexander 1989; Alexander
and Hogberg 1986; Henkel et al. 2002; Wang and Qiu 2006).
There has been extensive documentation of EM associations
in the Dipterocarpaceae of Asia (Alexander et al. 1992;
Alexander 1989; Lee et al. 1997), Caesalpiniaceae and the
Uapacaceae of Africa (Hogberg and Piearce 1986; Newbery
et al. 1988, 1997; Torti and Coley 1999), but most species
outside of these families are thought to exclusively form AM
associations.

Mycorrhizal status, as well as the influence of mycor-
rhizal mutualisms on rain forest diversity and tree assem-
blages, are poorly known compared to the wealth of
botanical and ecological studies in these ecosystems
(Alexander and Lee 2005). Tropical monodominance,
where ~50–100% of the canopy is dominated by one tree
species, is one example of a tropical forest where
mycorrhizal associations may directly affect tree diversity
patterns (Connell and Lowman 1989; Hart et al. 1989;
McGuire 2007a, b; Torti et al. 2001). Tropical mono-
dominant tree species are frequently EM, and this correla-
tion has led to the suggestion that EM tree species attain
local dominance by having survival and establishment
advantages over neighboring AM associates. This is partly
based on the supposition that EM fungi are better than AM
fungi at foraging in nutrient-deficient soils (Alexander
and Hogberg 1986; Halling 2001; Janos 1985) and also
because unlike AM fungi, EM fungi have the enzymatic
capabilities to access limiting nutrients bound in organic
layers (Abuzinadah and Read 1986; Buscot et al. 2000;
Trojanowski et al. 1984).

To begin assessing the ecological significance and
specific mechanisms by which EM fungi may be function-
ing in these systems, it is first necessary to test the
underlying assumption that most other trees are AM
associates. To do this, we conducted a study in central
Guyana where large patches of dominant, EM Dicymbe
corymbosa Spruce ex Benth. (Caesalpiniaceae), and

Dicymbe altsonii Sandwith (Caesalpiniaceae) exist within
matrices of mixed, presumably AM, forest. We surveyed
the mycorrhizal status of all tree species occurring within
12 ha of permanent plots established from 1999 to 2003
(Henkel 2003; McGuire 2008). Although D. altsonii does
not occur in these particular plots, we included it in the
mycorrhizal survey, as it is common nearby.

Materials and methods

Study site

This study was conducted in central-western Guyana in
the Potaro and Ireng River watersheds (Henkel 2003;
McGuire 2008). D. corymbosa forms extensive monodo-
minant patches throughout these two watersheds, with
abrupt ecotones separating the low-diversity, monodomi-
nant forest from the mixed forest. D. altsonii forms large
groves, but does not reach the dominance levels of D.
corymbosa. Tree diversity in the mixed forest is substan-
tially higher than in the Dicymbe forests, and neither of the
Dicymbe species occur there. The first site in the Potaro
River watershed is located at approximately 5°18′ N, 59°54′
W (720-m altitude), and the second site within the Ireng
River watershed is at approximately 5°23′ N, 59°61′ W
(700-m altitude).

Root sampling

Permanent tree plots were established in both sites, and all
trees ≥10 cm diameter at breast height were tagged,
measured, and identified (Henkel 2003; McGuire 2008).
Root samples were collected from one to three individuals
of each species in the permanent plots by tracing lateral
roots from the bases of adult trees and collecting fine roots
occurring in the top 10 cm of soil. Roots were collected
from the four cardinal directions of each selected tree. Root
samples were taken during June 2001, June 2002, and
December 2002. Roots were cleaned of soil and organic
matter with water and placed in formalin acetic acid the
same day they were collected for later analysis at the
University of Michigan. Roots were cleared with 10%
KOH and alkaline H2O2 and subsequently stained with
trypan blue according to the protocol of Giovannetti and
Mosse (1980). This protocol was occasionally modified for
roots high in tannins by extending incubation times of the
roots in 10% KOH. For the darkest roots, a pretreatment
wash with 10% bleach was also added. The presence/
absence of AM and EM structures was noted for each
species. In the field, EM structures were identified by the
presence of a mantle, visible with the naked eye. Cross-
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sections in the laboratory were made to confirm the
presence of a Hartig net. Positive AM colonization was
recorded only if arbuscules and/or hyphal coils were
observed. Approximately 50 cm of root segments were
examined for each tree species. Preserved root samples are
archived at the University of Michigan. Herbarium vouch-
ers of tree and liana specimens were deposited in the
University of Michigan herbarium and the University of
Guyana herbarium.

Results

Of the 142 woody species surveyed, AM structures were
detected in 133 tree species and six lianas (see Supplementary
documents, Fig. 1). This represents 41 families and 81
identified genera. We were unable to identify seven taxa to
family. No mycorrhizal structures were detected in two tree
species: Pagamea coriaceae (Rubiaceae) and one of the
above unidentified taxa. The roots of these two species
were high in tannins, which may have obscured the
detection of AM structures. EM structures were detected
in the monodominant D. corymbosa, the grove-forming D.
altsonii (Fig. 2), and in the non-dominant Aldina insignis
(Faboideae). Dual EM and AM colonization was observed in
D. corymbosa and D. altsonii (Fig. 2), sometimes within the
same rootlet. More than three quarters of all Dicymbe
rootlets were EM, but fewer than one fourth showed AM
or dual AM and EM. A quantitative study of colonization
levels, however, was not conducted in this survey. No root
nodules were found on either of the Dicymbe species.

Discussion

Mycorrhizal survey

The results of this study support the assumption that most
tropical tree species form arbuscular mycorrhizae. Root
samples for all species other than Dicymbe spp. collected
within monodominant forest were highly colonized by AM
fungi, suggesting that AM inoculum is not limiting in this
forest despite the high levels of EM dominance. This
ubiquity of AM associations can also be extended to
neotropical lianas in this system, as all six liana species
surveyed were AM. Mycorrhizal associations in lianas have
rarely been detected (Wanek et al. 2002), but this may be
due to the fact that they are often excluded from
mycorrhizal surveys. Lianas of the genus Gnetum have
been found to be EM in Cameroon (Onguene and Kuyper
2001) and the neotropics (Singer et al. 1983), but EM
structures have not been documented for other liana genera.
Considering that lianas can comprise a significant propor-
tion of the woody biomass in tropical rain forests (DeWalt
and Chave 2004; Perez-Salicrup et al. 2001) and that their
abundance appears to be increasing as a result of global
change (Phillips et al. 2002), they should be included in
future mycorrhizal and forest diversity studies to increase
our knowledge of their ecologies.

Aldina insignis was the only other species where EM
structures were observed. For A. insignis, this is not sur-
prising considering the documented EM status of conge-
neric A. kunhardtiana, A. latifolia, and A. heterophylla from
Venezuela and Brazil (Moyersoen 1993; Singer et al. 1983).

A

A

V
V 

a b

Fig. 1 Mycorrhizal structures observed in cleared and stained roots at 400×. a Arbuscules indicated by A and vesicles indicated by V of Dugetia
cuspidata (Annonaceae) and b an appressorium is shown from Inga nobilis (Mimosaceae) roots
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However, no AM structures were detected in the cleared
and stained roots of this tree species.

Dual infection

The presence of both EM and AM structures inD. corymbosa
and D. altsonii is noteworthy as dual mycorrhizal coloniza-
tion has also been observed in other tropical monodominant
trees from the genera Gilbertiodendron and Julbernardia of
the Caesalpiniaceae (Torti and Coley 1999), Uapaca of the
Uapacaceae (Moyersoen and Fitter 1999; Ramanankierana
et al. 2007), and Leptospermum and Eucalyptus of the
Myrtaceae (Chen et al. 2000; Moyersoen and Fitter 1999).
The ability for a dominant EM tree in the tropical rain forest
to retain the capacity for AM association may be a critical
factor facilitating the expansion of EM trees into surrounding
AM communities. A temporary association with AM fungi
may be beneficial for a predominantly EM seedling

established away from the parental grove, especially in
nutrient-poor soils (Chilvers et al. 1987).

This is the first study to report dual AM and EM
colonization in tree species of Dicymbe. Dual infection may
also be more common than reported in monodominant, EM
trees, but may not be adequately studied due to the
microscopic nature of AM mycorrhizal structures. Future
studies should investigate the role of the AM association in
Dicymbe spp. seedling establishment and the change in AM
vs. EM colonization rates with tree age.
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Fig. 2 Root tips of Dicymbe
altsonii and D. corymbosa. A
cross-section of ectomycorrhizal
root tips reveals the mantle and
Hartig net in D. corymbosa
(a) at 200× and in D. altsonii
(b) at 400×. Cleared and stained
root tips show vesicles from
arbuscular mycorrhizal coloni-
zation (400X) in D. corymbosa
(c) and vesicles and arbuscules
(200×) in D. altsonii (d)

220 Mycorrhiza (2008) 18:217–222



References

Abuzinadah RA, Read DJ (1986) The role of proteins in the nitrogen
nutrition of ectomycorrhizal plants. III. Protein utilization by
Betula, Picea and Pinus in mycorrhizal association with
Hebeloma crustuliniforme. New Phytol 103:507–514

Alexander IJ (1989) Mycorrhizas in tropical forests. In: Proctor J
(ed) Mineral nutrients in tropical forests and savanna ecosys-
tems. Blackwell Scientific Publications, Oxford, UK, pp 169–
188

Alexander IJ, Hogberg P (1986) Ectomycorrhizas of tropical angio-
spermous trees. New Phytol 102:541–549

Alexander IJ, Lee SS (2005) Mycorrhizas and ecosystem processes in
tropical rain forest: implications for diversity. In: Burslem DFRP,
Pinard MA, Hartley SE (eds) Biotic interactions in the tropics:
their role in the maintenance of species diversity. Cambridge
University Press, Cambridge, UK, pp 165–203

Alexander I, Ahmad N, See LS (1992) The role of mycorrhizas in the
regeneration of some Malaysian forest trees. Philos Trans R Soc
Lond, B Biol Sci 335:379–388

Bakarr MI, Janos DP (1996) Mycorrhizal associations of tropical
legume trees in Sierra Leone, West Africa. For Ecol Manag
89:89–92

Bereau M, Garbaye J (1994) First observations on the root
morphology symbioses of 21 major tree species in the primary
tropical rain-forest of French-Guyana. Ann Sci For 51:407–
416

Buscot F, Munch JC, Charcosset JY, Gardes M, Nehls U, Hampp R
(2000) Recent advances in exploring physiology and biodiversity
of ectomycorrhizas highlight the functioning of these symbioses
in ecosystems. FEMS Microbiol Rev 24:601–614

Chen YL, Brundrett MC, Dell B (2000) Effects of ectomycorrhizas
and vesicular–arbuscular mycorrhizas, alone or in competition,
on root colonization and growth of Eucalyptus globulus and E.
urophylla. New Phytol 146:545–556

Chilvers GA, Lapeyrie FF, Horan DP (1987) Ectomycorrhizal Vs
endomycorrhizal fungi within the same root-system. New Phytol
107:441–448

Connell JH, Lowman MD (1989) Low-diversity tropical rain forests:
some possible mechanisms for their existence. Am Nat 134:88–
119

DeWalt SJ, Chave J (2004) Structure and biomass of four lowland
neotropical forests. Biotropica 36:7–19

Dhillion SS (1994) Ectomycorrhizae, arbuscular mycorrhizae, and
Rhizoctonia sp. of Alpine and Boreal Salix spp. in Norway. Arct
Alp Res 26:304–307

Giovannetti M, Mosse B (1980) An evaluation of techniques for
measuring vesicular arbuscular mycorrhizal infection in roots.
New Phytol 84:489–500

Halling RE (2001) Ectomycorrhizae: co-evolution, significance, and
biogeography. Ann Mo Bot Gard 88:5–13

Hart TB, Hart JA, Murphy PG (1989) Monodominant and species-rich
forests of the humid tropics: causes for their co-occurrence. Am
Nat 133:613–633

Henkel TW (2003) Monodominance in the ectomycorrhizal Dicymbe
corymbosa (Caesalpiniaceae) from Guyana. J Trop Ecol 19:417–
437

Henkel TW, Terborgh J, Vilgalys RJ (2002) Ectomycorrhizal fungi
and their leguminous hosts in the Pakaraima Mountains of
Guyana. Mycol Res 106:515–531

Hogberg P, Piearce GD (1986) Mycorrhizas in Zambian trees in
relation to host taxonomy, vegetation type and successional
patterns. J Ecol 74:775–785

Hopkins MS, Reddell P, Hewett RK, Graham AW (1996) Comparison
of root and mycorrhizal characteristics in primary and secondary

rainforest on a metamorphic soil in North Queensland, Australia.
J Trop Ecol 12:871–885

Janos DP (1983) Tropical mycorrhizas, nutrient cycles and plant
growth. In: Sutton SL, Whitmore TC, Chadwick AC (eds)
Tropical rain forest: ecology and management. Blackwell
Scientific Publications, Oxford, UK, pp 327–345

Janos DP (1985) Mycorrhizal fungi: agents or symptoms of tropical
community composition. In: Molina R (ed) Proceedings of the
6th North American Conference on mycorrhizae. Oregon State
University, Corvallis, pp 98–103

Klironomos JN, McCune J, Hart M, Neville J (2000) The influence of
arbuscular mycorrhizae on the relationship between plant
diversity and productivity. Ecol Lett 3:137–141

Lee LS, Alexander IJ, Watling R (1997) Ectomycorrhizas and putative
ectomycorrhizal fungi of Shorea leprosula Miq (Dipterocarpaceae).
Mycorrhiza 7:63–81

McGuire KL (2007a) Common ectomycorrhizal networks may
maintain monodominance in a tropical rain forest. Ecology 88:
567–574

McGuire KL (2007b) Recruitment dynamics and ectomycorrhizal
colonization of Dicymbe corymbosa, a monodominant tree in the
Guiana Shield. J Trop Ecol 23:297–307

McGuire KL (2008) Ectomycorrhizal associations function to main-
tain tropical monodominance. In: Siddiqui ZA, Akhtar MS, Futai
K (eds) Mycorrhizae: sustainable agriculture and forestry.
Springer, Netherlands (in press)

Moyersoen B (1993) Ectomicorrizas y micorrizas vesiculo-arbusculares
en Caatinga Amazonica del Sur de Venezuela. Scientia Guianae
3:1–82

Moyersoen B, Fitter AH (1999) Presence of arbuscular mycorrhizas in
typically ectomycorrhizal host species from Cameroon and New
Zealand. Mycorrhiza 8:247–253

Newbery DM, Alexander IJ, Thomas DW, Gartlan JS (1988)
Ectomycorrhizal rain-forest legumes and soil–phosphorus in
Korup-National-Park, Cameroon. New Phytol 109:433–450

Newbery DM, Alexander IJ, Rother JA (1997) Phosphorus dynamics
in a lowland African rain forest: the influence of ectomycorrhizal
trees. Ecol Monogr 67:367–409

Onguene NA, Kuyper TW (2001) Mycorrhizal associations in the rain
forest of South Cameroon. For Ecol Manag 140:277–287

Perez-Salicrup DR, Sork VL, Putz FE (2001) Lianas and trees in a
liana forest of Amazonian Bolivia. Biotropica 33:34–47

Phillips OL, Martinez RV, Arroyo L, Baker TR, Killeen T, Lewis SL,
Malhi Y, Mendoza AM, Neill D, Vargas PN, Alexiades M, Ceron
C, Di Fiore A, Erwin T, Jardim A, Palacios W, Saldias M, Vinceti
B (2002) Increasing dominance of large lianas in Amazonian
forests. Nature 418:770–774

Ramanankierana N, Ducousso M, Rakotoarimanga N, Prin Y,
Thioulouse J, Randrianjohany E, Ramaroson L, Kisa M,
Galiana A, Duponnois R (2007) Arbuscular mycorrhizas
and ectomycorrhizas of Uapaca bojeri L. (Euphorbiaceae):
sporophore diversity, patterns of root colonization, and effects
on seedling growth and soil microbial catabolic diversity.
Mycorrhiza 17:195–208

Reddell P, Milnes AR (1992) Mycorrhizas and other specialized
nutrient-acquisition strategies—their occurrence in woodland
plants from Kakadu and their role in rehabilitation of waste rock
dumps at a local uranium-mine. Aust J Bot 40:223–242

Singer R, Araujo I, Ivory MH (1983) The ectotropically mycorrhizal
fungi of the neotropical lowlands, especially Central Amazonia.
Nova Hedwigia Beihefte 77:1–352

Smith FA, Smith SE (1997) Tansley review no. 96 structural diversity
in (vesicular)–arbuscular mycorrhizal symbioses. New Phytol
137:373–388

St. John TV (1980) A survey of mycorrhizal infection in an
Amazonian rain forest. Acta Amazonica 10:527–533

Mycorrhiza (2008) 18:217–222 221



Torti SD, Coley PD (1999) Tropical monodominance: a prelim-
inary test of the ectomycorrhizal hypothesis. Biotropica
31:220–228

Torti SD, Coley PD, Kursar TA (2001) Causes and consequences of
monodominance in tropical lowland forests. Am Nat 157:141–
153

Trojanowski J, Haider K, Hutterman A (1984) Decomposition of C14
labelled lignin, holocellulose and lignocellulose by mycorrhizal
fungi. Arch Microbiol 139:202–206

van der Heijden MGA, Wiemken A, Sanders IR (2003) Different
arbuscular mycorrhizal fungi alter coexistence and resource
distribution between co-occurring plant. New Phytol 157:569–
578

Wanek W, Arndt SK, Huber W, Popp M (2002) Nitrogen nutrition
during ontogeny of hemiepiphytic Clusia species. Functional
Plant Biology 29:733–740

Wang B, Qiu YL (2006) Phylogenetic distribution and evolution of
mycorrhizas in land plants. Mycorrhiza 16:299–363

222 Mycorrhiza (2008) 18:217–222


	Dual...
	Abstract
	Introduction
	Materials and methods
	Study site
	Root sampling

	Results
	Discussion
	Mycorrhizal survey
	Dual infection

	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


