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Abstract

The ant Nylanderia fulva, is a native species of southern Brazil that has been
introduced in several countries in the Nearctic, Neotropic and Palearctic. In the areas
they invade, they establish very dense and extensive super colonies. Here, N. fulva
is reported for the first time in Panama. All the stages and castes of this species were
collected in six localities of the Boquete District, Chiriqui Province. We advocate
for additional local searches and studies for V. fulva to provide information on the status
of its distribution and to generate information on the various agricultural implications.
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Introduction

Nylanderia Emery 1906 (Formicidae: Formicinae), constitutes one of the
most diverse and abundant genera of ants in the Neotropics, having 125
described species, 25 valid subspecies, two fossil species (Bolton 2022) and
many more species known to be undescribed. This genus contains species
occupying an immensevariety of environments ranging from tropical
forests to arid zones (LaPolla et al. 2011).

The tawny crazy ant, Nylanderia fulva (Mayr, 1862), is native to southern
Brazil, and to the border area between Paraguay, Uruguay and Argentina,
and has been accidentally introduced to several countries in the Nearctic,
Neotropic and Palearctic (Kumar et al. 2015; AntWeb 2022). This species is
particularly well established in the United States, where it has been reported
in the states of Louisiana, Mississippi, Alabama, Florida, Georgia and
Texas (Wang et al. 2016).

In its non-native range, N. fulva behaves as a pest species, causing
considerable economic losses (MacGown and Layton 2010). In particular,
this species develops a mutualistic relationship with sap-sucking insects
such as aphids and other homopterans, which secrete sugary substances
that serve as food for the ants and, in return, the latter provide protection
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Table 1. Locations in Boquete where Nylanderia fillva was found in May 2021.

Township Latitude Longitude Elevation (meters)
Alto Boquete 8.668825 —82.430691 1021
Bajo Boquete 8.729082 —82.424872 1132
Caldera 8.668272 —82.369311 358
Jaramillo 8.759497 —82.404092 1132
Los Naranjos 8.765081 —82.451707 1277
Palmira 8.734861 —82.459054 848

against natural enemies (Zenner de Polania and Ruiz 1985; Sharma et al.
2013). The species also forms very dense and extensive polygynous and
polydomous populations (Meyers and Gold 2008; Wang et al. 2016) which
become pestiferous within buildings.

Despite N. fulva, being present in Costa Rica and Colombia for several
years (Kempf 1972; AntWeb 2022), to date it has not been reported from
Panama. Here we report the first occurrences of this species in Panama.

Materials and methods

Boquete is an area of agricultural and tourist importance in Chiriqui
Province in western Panama, covering 488.4 km® and with elevations
between 800 and 2800 m. The climate is temperate, with an average annual
temperature of 20.5 °C (range 4 to 31 °C), average annual relative humidity
of 85% (range = 64.2 to 97%), and an average rainfall of 203.5 mm per year
(Empresa de Transmision Eléctrica, S.A. Datos climéticos histéricos, accessed
20 May 2021, https://www.hidromet.com.pa/es/clima-historicos).

On April 6, 2021, residents of the District of Boquete requested help to
deal with an explosion of ants that invaded the interior and the grounds of
their homes. In May 2021 a daytime inspection was conducted with ants
collected in six localities (Table 1) of the Boquete District (Figure 1): Bajo
Boquete, Alto Boquete, Caldera, Jaramillo, Los Naranjos and Palmira
(Table 1).

Specimens, including all the stages and castes, were manually collected
with a sheet of paper and preserved in ethanol. Taxonomic identification
was carried out following LaPolla and Kallal (2019). Specimens were
examined with a Leica M165 C and photographs taken with a Scanning
Electron Microscope (SEM) Zeiss Evo 40 VP. Specimens are deposited in
the Museo de Invertebrados G. B. Fairchild, Universidad de Panama and
the Laboratorio de Artrépodos Venenosos y Causantes de Alergias, Instituto
Conmemorativo Gorgas de Estudios de la Salud (ICGES).

Results

The houses investigated had a large infestation of ants, both indoors
(mainly on the floors) and outside, including in the gardens (Figure 2). There
were no reports of damage to the infrastructure or electrical components of
the affected homes. Colonies were also observed in home gardens planted
with potted ornamentals and cultivated plants.
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Figure 1. Map of Panama, with Boquete District highlighted in red.

Figure 2. Discarded dead bodies of Nylanderia fulva and frass in indoor environments in Boquete. Photo by Cristian Pitti.

Specimens had the following diagnostic characters. Workers (Figure 3):
average body length of 2.7 mm, light brown. Head with 12-segmented
antenna, palps 4-6, mandibles with 6 teeth, eyes well developed; metapleura
with pleural gland orifice with setal tuft, sternite I without transverse
groove behind the helcium. Dorsum of body with thick setae; mesopleuron,
head and mesosoma with very thin and short, dense setae. Queens: total
length 4.55 mm; eyes large and conspicuous, with three well developed
ocelli; mesosoma large, mesonotum large and flat; gaster very large. Males
(Figures 4-5): average body length 2.7 mm, genitalia very large, paramere
with apices triangular and weakly sclerotized; macrosetae originating from
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Figure 3. SEM images of a Nylanderia fulva worker: A. frontal view of head, B. mesosoma,
with the arrow locating the opening of metapleural gland. Photo by Jorge Ceballos.

the paramere margin scattered and not fan-like. The features correspond to
the subfamily Formicinae, tribe Lasiini, genus Nylanderia, and species
Nylanderia fulva (Kallal & LaPolla, 2012).
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Figure 4. SEM images of Nylanderia fulva male, A. lateral view, B. external genitalia. Photo
by Jorge Ceballos.

Discussion

To date, only three species of the genus Nylanderia are known to inhabit
Panama: N. caeciliae (Forel, 1899), N. steinheili (Forel, 1893), and
N. guatemalensis (Forel, 1885) (Fernandez and Sendoya 2004; AntWeb 2022).
Some authors have included Panama within the distribution of N. fulva
(Wang et al. 2016; Hill et al. 2017), but without indicating the work on
which they based their report, nor a specific location where it could be
found. To our knowledge, this work represents the first report of the
presence of N. fulva in Panama. The collection of numerous individuals of
all castes and stages in six localities indicates that the species is well
established in residential areas of the Boquete district.
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Figure 5. SEM image of Nylanderia filva male genitalia, ventral view: a. paramere, b. vollsellar
lobes. Photo by Jorge Ceballos.

Examination of the male genitalia is the only way to separate N. fulva
from N. pubens, which is a related species and is also considered invasive
(Gotzek et al. 2012).

As an invasive species, N. fulva may cause changes in the organization of
regional arthropod assemblages (LeBrun et al. 2014). They become very
numerous and monopolize available resources, displacing other ants,
whether native or invasive (Wang et al. 2016). In the United States, it has
been observed that it can even take on the imported fire ant Solenopsis
invicta and displace it, thanks to the ability to detoxify its venom (LeBrun
et al. 2013; LeBrun et al. 2014). This ant can also behave as an urban pest,
invading homes, business offices, parks, and becoming a major concern for
homeowners (Wang et al. 2016), as is the case described in this report. In
addition to being a nuisance, they can cause damage to electrical installations
and gardens (Echeverri 2013).

The detrimental impact of large population explosions of this ant has
been recorded in Colombia, where it affects various crops, such as sugar
cane (Saccharum officinarum), cocoa (Theobroma cacao), lemon (Citrus spp.),
ornamental plants, rubber (Hevea brasiliensis) and coffee (Coffea arabica)
(Serna et al. 2019). The ant forms mutualistic interactions with several

Murgas et al. (2023), Biolnvasions Records 12(1): 78-85, https://doi.org/10.3391/bir.2023.12.1.06 83


https://doi.org/10.3391/bir.2023.12.1.06
https://www.invasivesnet.org

)

&

INVASIVESHET

First report of Nylanderia fulva in Panama

species of hemipteran insects that attack these crops (Sharma et al. 2013;
Mendoza et al. 2019). They can also be a nuisance to farm and domestic
animals (Zenner de Polania and Ruiz 1983). It has been observed that large
densities of workers can cause eye conditions, and occupy the nostrils
making it difficult to breathe (Zenner de Polania and Ruiz 1983).

The main economic activities of the District of Boquete are related to
agriculture, specifically with the cultivation of coffee, vegetables and flowers
(MIDA 2011), so clearly this species may become a significant economic
pest. We recommended the conduct of local studies of N. fulva to provide
information on the status of its distribution and generate information on
the various agricultural, ecological implications and structural impacts
present on local buildings.

Acknowledgements

We thank Dimelza Aratz and family for facilities with transporting samples; Alberto Cumbrera
of Geographic System Unit, ICGES, for the elaboration of the map; Jorge Ceballos Smithsonian
Tropical Research Institute by electron micrographs; John LaPolla, Towson University,
Maryland for corroborating the identification of N. fulva; Paul E. Hanson, University of Costa
Rica, John Lattke, Universidade Federal do Parana and Sergio E. Bermudez ICGES, for their
help providing references and for suggestions to improve this work; and Annette Aiello,
Smithsonian Tropical Research Institute, Panama for reviewing the English. We thank the
reviewers for all the latest recommendations provided to improve this research work.

Authors’ contribution

ILM: investigation, data collection and original draft; CP: sample design and data collection;
RIM: writing, review and editing; RAC: data analysis, interpretation, review and editing.

References

AntWeb (2022) Version 8.75. California Academy of Sciences, https://www.antweb.org (accessed
23 March 2022)

Bolton B (2022) An online catalog of the ants of the world. https:/antcat.org (accessed 8 April 2022)

Echeverri C (2013) Evaluacion de los cebos toxicos para el control de Nylanderia fulva
(Formicidae) en cultivo de café. Fitosanidad 17: 11-17

Fernandez F, Sendoya S (2004) List of Neotropical ants (Hymenoptera: Formicidae). Biota
Colombiana 5: 3-93

Gotzek D, Brady SG, Kallal RJ, LaPolla JS (2012) The importance of using multiple
approaches for identifying emerging invasive species: the case of the Rasberry crazy ant in
the United States. PLoS ONE 7: e-45314, https://doi.org/10.1371/journal.pone.0045314

Hill SK, Baldwin RW, Pereira RM, Koehler PG (2017) Tawny Crazy Ant, Pests in and around
the Southern Home. UF/IFAS, Original publication. October. SP486D, 3 pp

Kempf W (1972) Catalogo abreviado das formigas da regido Neotropical (Hymenoptera:
Formicidae). Studia Entomologica 15: 3-334

Kumar S, LeBrun, EG, Stohlgren TJ, Stabach JA, McDonald DL, Oi DH, LaPolla JS (2015)
Evidence of niche shift and global invasion potential of the Tawny Crazy ant, Nylanderia
fulva. Ecology and Evolution 5: 4628-4641, https://doi.org/10.1002/ece3.1737

LaPolla JS, Brandy SG, Shattuck SO (2011) Monograph of Nylanderia (Hymenoptera:
Formicidae) of the World: An introduction to the systematics and biology of the genus.
Zootaxa 3110: 1-9, https://doi.org/10.11646/zootaxa.3110.1.1

LaPolla JS, Kallal RJ (2019) Nylanderia of the World part III: Nylanderia in the West Indies.
Zootaxa 4658: 401-451, https://doi.org/10.11646/zootaxa.4658.3.1

LeBrun EG, Abbott J, Gilbert LE (2013) Imported crazy ant displaces imported fire ant, reduces
and homogenizes grassland ant and arthropod assemblages. Biological Invasions 15: 2429—
2442, https://doi.org/10.1007/s10530-013-0463-6

LeBrun EG, Jones NT, Gilbert LE (2014) Chemical warfare among invaders: A detoxification
interaction facilitates an ant invasion. Science 343: 1014—1017, https://doi.org/10.1126/science.
1245833

Murgas et al. (2023), Biolnvasions Records 12(1): 7885, https://doi.org/10.3391/bir.2023.12.1.06 84


https://doi.org/10.3391/bir.2023.12.1.06
https://www.invasivesnet.org
https://www.antweb.org/
https://antcat.org/
https://doi.org/10.1371/journal.pone.0045314
https://doi.org/10.1002/ece3.1737
https://doi.org/10.11646/zootaxa.3110.1.1
https://doi.org/10.11646/zootaxa.4658.3.1
https://doi.org/10.1007/s10530-013-0463-6
https://doi.org/10.1126/science.1245833
https://doi.org/10.1126/science.1245833

7)

&

INVASIVESNET

First report of Nylanderia fulva in Panama

MacGown J, Layton B (2010) The invasive Crazy Ant, Nylanderia sp. nr. pubens (Hymenoptera:
Formicidae), reported from Mississippi. Midsouth Entomologist 3: 4447

Mendoza J, Gualle D, Gémez P (2019) Asociacion del afido blanco, Melanaphis sacchari
(Zehntner), con la hormiga loca, Nylanderia (=Paratrechina) fulva, en cafia de azicar.
Carta Informativa CINCAE No. 21, 8 pp

Meyers JM, Gold RE (2008) Identification of an exotic pest ant, Paratrechina sp. nr. pubens
(Hymenoptera: Formicidae), in Texas. Sociobiology 52: 589-604

MIDA (2011) Secretaria Técnica: Caracterizacion del Sistema Productivo de café en Tierras
Altas de la provincia de Chiriqui Proyecto de Zonificacion Agroecologica (PRONAZA)
Panama julio, 71 pp

Serna FJ, Mera-Rodriguez LD, Ramirez-Ossa K, Gaigl A (2019) Capitulo 34: Hormigas de
mayor impacto en la agricultura colombiana. In: Fernandez F, Guerrero R, Delsinne T (eds),
Hormigas de Colombia. Bogota: Universidad Nacional de Colombia, Facultad de Ciencias,
Instituto de Ciencias Naturales. First edition, pp 1115-1148

Sharma S, Oi DH, Buss EA (2013) Honeydew-producing hemipterans in Florida associated
with Nylanderia filva (Hymenoptera: Formicidae), an invasive crazy ant. Florida Entomologist
96: 538-547, https://doi.org/10.1653/024.096.0219

Wang Z, Moshman L, Kraus EC, Wilson BE, Acharya N, Diaz R (2016) A review of the tawny
crazy ant, Nylanderia fulva, an emergent ant invader in the Southern United States: Is
biological control a feasible management option? Insects 7: 1-10, https://doi.org/10.3390/
insects7040077

Zenner de Polania I, Ruiz N (1983) Control quimico de la hormiga loca, Nylanderia fulva
(Mayr.) Revista ICA Colombia 18(4): 241-250

Zenner de Polania I, Ruiz Bolafios N (1985) Habitos alimenticios y relaciones simbioticas de la
“hormiga loca” Nylanderia fillva con otros artropodos. Revista Colombiana de Entomologia
11: 310, https://doi.org/10.25100/socolen.v11i1.10249

Murgas et al. (2023), Biolnvasions Records 12(1): 7885, https://doi.org/10.3391/bir.2023.12.1.06 85


https://doi.org/10.3391/bir.2023.12.1.06
https://www.invasivesnet.org
https://doi.org/10.1653/024.096.0219
https://doi.org/10.3390/insects7040077
https://doi.org/10.3390/insects7040077
https://doi.org/10.25100/socolen.v11i1.10249


<<

  /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 /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 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /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 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages false

  /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 (None)

  /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 <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /RUS <>

    /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



