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ABSTRACT 

Norway maple (Acer platanoides), originally introduced to North America from Eurasia 
as an ornamental tree, is an invasive tree in North America where it threatens to displace native 
trees, including the sugar maple (Acer saccharum).  One of many possible explanations for why 
invasive plants such as the Norway maple may have an advantage in exotic habitats is the enemy 
release hypothesis (ERH), the idea that an invasive species thrives in the absence of its native 
enemies.  Our hypothesis was that leaf samples taken from saplings of both species would show 
that the Norway maple suffered less leaf damage from herbivory and fungal infection than the 
sugar maple.  In July 2009, leaves were sampled from three transects of the Drew University 
Forest Preserve, a Fagus grandifolia-Acer saccharum-Quercus spp. forest.  Samples were 
analyzed to determine leaf damage in each species.  Our study found slightly lower mean leaf 
damage for the Norway maple, but the difference was determined to be statistically insignificant.  
In addition, the mean leaf damage of both species was low, <6%.  The results showed that the 
ERH likely does not play a major role in the Norway maple’s invasion during the sapling stage.  
It is possible that specific differences between the Norway maple and the sugar maple in their 
ability to use resources play a more important role in Norway maple’s success, and further 
research should investigate those differences. 

INTRODUCTION 

Invasive plants are species that have escaped their native biogeographic bounds and 
proliferate in non-native environments1. As these invaders multiply, they reduce the amount of 
resources available for native organisms, thus eventually displacing native species in many areas. 
This displacement can have far ranging consequences for the entire ecosystem2, as well as 
massive economic costs to society3. Ironically, in some cases invasive species were intentionally 
introduced into new regions by humans for personal or public benefit.  

One invasive species, the Norway maple (Acer platanoides), is a problem for native 
forest communities in the eastern United States. The Norway maple was first imported and 
grown as a landscaping tree in 17564. More recently, it has become increasingly popular as a 
decorative street tree in urban areas because it is better adapted to thrive in areas affected  by 
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urban pollution and acid rain than the sugar maple (Acer saccharum). However, the Norway 
maple escaped into native forests and is linked to a decrease in native plants5. 

The Norway maple is a shade-tolerant plant, able to establish young saplings even on the 
floors of mature forests5.  When a canopy disturbance occurs, these saplings have a substantial 
advantage over the shade-impaired saplings of the native sugar maple6. Norway maples also 
generate more shade than the sugar maple, thus inhibiting the germination and growth of other 
plant species in the forest7. Better understanding of the mechanisms underlying the invasion of 
the Norway maple and other invasive plants is critical to developing forest management plans to 
control the spread of invasive species and to restore affected ecosystems. 

It is uncertain exactly why non-native species might have an advantage over the native 
species in an area to which they are introduced. High reproductive rate and the ability to exploit 
available resources are some of the common characteristics of successful invading species8.  
However, it is likely that there are many other contributing factors; one hypothesis that has 
gathered considerable support in explaining part of their success is the enemy release hypothesis 
(ERH)9. This hypothesis states that the invasive organism, in the exotic habitat, gains an 
advantage from the absence of its natural enemies: predators, parasites, diseases, etc.  These 
enemies would normally perform an important role in controlling the organism’s growth and 
spread.  In their absence, the invasive organism may be able to expand faster and achieve higher 
population densities, effectively outcompeting its native counterparts. Biological control, such as 
introducing host-specific insects from the invasive species’ native range, provides justification 
for ERH10.  

Various studies have been conducted to evaluate the validity of ERH. A large portion of 
the research on this topic has supported it, but others have cast doubts on its validity or its 
significance11. One study examined ERH as it applied specifically to the Norway maple in 
comparison to the sugar maple in terms of leaf damage. The results were generally consistent 
with ERH12.  However, the study also suggested that additional insight could be obtained from a 
study specifically examining younger trees, especially considering the potentially greater impacts 
of leaf damage on this more vulnerable age-class of trees.   

The intention of this study was to examine, quantify, and compare the amount of leaf 
damage to young (diameter at breast height, DBH, between 1 and 10 cm) Norway maple and 
sugar maple trees.  We predicted that Norway maples would exhibit less leaf damage than sugar 
maples at the same location. Leaf damage should function as a reliable indicator of damage 
caused by insects and fungi on leaf tissue. Damage to leaves not only costs the plant the 
resources it has invested in the leaf tissue, but also reduces its ability to photosynthesize, 
inflicting a host of detrimental effects upon the plant.  A lesser degree of leaf damage from 
predation in the Norway maple would point to a potential competitive edge over the native sugar 
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maple, and would provide useful insights into why the Norway maple is a successful invader in 
North American forests. 

MATERIALS AND METHODS 

Study Area 

Our study area was located in the Drew University Forest Preserve (Madison, New Jersey; 
40°46’N; 74°26’W), an 18 ha beech-sugar maple-oak forest within the boundaries of the 
campus7.  The forest hosts high densities of both mature and young Norway maples. The forest is 
young, despite the presence of a hundred-fifty year old oaks. Throughout the mid-1800s, the land 
was a pasture devoid of trees.  Very little is known of the forest’s history after 186713. Currently, 
there exists a high density of deer, especially white-tailed deer (Odocoileus virginianus), that 
have decimated the forest’s understory and ground cover.  The excessive consumption of 
understory plants has hindered the renewal of the forest; few tree seedlings were observed7. Our 
study was conducted in an approximately 3 ha portion of the preserve.  

Sample Collection 

Three transects were mapped out, varying from 65 to 100 meters in length. We kept 20 
meters between our sampling area and the forest-edge. The maple saplings within 10 meters 
perpendicular to the transects were sampled. Three separate twigs within arm’s reach were 
gathered from each tree; each twig contained three to nine leaves. Of the collected sample, 260 
leaves of each species were randomly selected for analysis. 

Damage Assessment 

We assessed the percent of leaf area damaged on each leaf, using a leaf card index 
(Appendix) as a guide.  The leaf cards aided estimation of the relative area of damage and the 
percentage damage corresponding to that area on the leaf14.  We took into account any fungal 
and predatory damage, including, but not limited to: holes, tears, and brown spots.  The type of 
damage (fungal vs. insect) was not recorded nor analyzed as part of the data.  Spots of minor 
discoloration (eg. areas lacking chlorophyll) were not taken into account, because this type of 
damage could have resulted from causes other than predation.   

Statistical Data Analysis 

 Statistical Package for the Social Sciences 17.0 (SPSS)15 was used for statistical analysis.  
An independent, 2-sample t-test was used to compare the mean percentage leaf damage between 
Norway and sugar maples.  The program also allowed us to analyze whether the difference was 
statistically significant.  The data were first transformed to meet the assumptions of normality 
and equal variance inherent in the t-test.     



RESULTS 

Nearly all of the leaves of both Norway and sugar maple exhibited some degree of damage.  
Of those with damage, 63% of all Norway maple leaves and 51% of all sugar maple leaves had 
greater than 1% percent damage.  The remainder of the leaves sampled had less than 1% leaf 
area damaged. Norway maple leaves had a mean of 5.079% (± .3694 S.E.) damage while sugar 
maple leaves had a mean of 5.492% ± (.6003 S.E.) damage.  
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Figure 1 Untransformed mean percentage of leaf area 
damage for all specimens of each individual species.  The 
error bars represent ±1 standard error of the mean value.

When comparing the percent damage range of both species, sugar maple showed a far greater 
damage range than that of Norway maple.  Sugar maple leaves showed a range of 70.0% damage, 
while its invasive 
counterpart, the Norway 
maple, showed a much 
smaller range of only 36.9% 
damage.  The extreme 
damage values for each 
species also supported sugar 
maple’s greater variability 
of damage (Figure 1).  The 
highest recorded percentage 
damage for Norway maple 
reached 37%, while the 
highest for sugar maple was 
70.0%, with a total of 8 
leaves with damage higher 
than 40% (Figure 2, A and 
B).    

 

 

 

Prior to performing the t-test, the data were transformed using the square root in order to 
meet the assumptions of normality and equal variance.  The square root transformation method 
was used instead of the arcsine transformation because the values were not based on count data.  
Rather, the data were established using the actual percentage measured, with the majority of data 
values falling in the range of 0 – 30%.  Our null hypothesis was that both species were equally 
affected by insect and fungal damage, which we wish to disprove.  The t-test and p-value 
measure the probability that we achieved significant results and can confidently reject the null 
hypothesis. 



A B

Figure 2, A and B  Frequencies of damaged leaves of  Norway maple (A) and sugar 
maple (B), displayed in 3.33% intervals.    Sugar maple leaves were the only 
specimens to exhibit damage above 40 percent. 

After the statistical analysis, it was shown that the means did not differ (t=-.558, df=518, 
p=.558).    

DISCUSSION  

 Our original prediction stated that the Norway maple would suffer less leaf damage than 
the sugar maple due to the enemy release hypothesis12. However, this was not supported by our 
data. This is consistent with the findings of Morrison16, who found that for both species, the 
damage due to fungal and herbivory damage were similar.   

 Our results did not agree with the findings of Cincotta et al12. Several factors could 
explain this. Since an area of only 3 ha in the Drew University Forest Preserve was sampled, we 
may have observed only local effects. This might mean that the samples obtained were subject to 
localized damage but this may not be what is happening over a wider geographic area. For 
example, insects and fungi might have had population densities unique to our study area. Also, 
instead of using technology to assess the amount of damage on each leaf, we used leaf area cards 
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to estimate the percentages of damage. This visual approximation introduced potential observer 
error. Differences in damage assessment techniques between researchers may also have 
introduced error. In addition, we only sampled leaves from branches that were close to the 
ground and low enough to reach by hand. Since we did not sample leaves from all levels of the 
forest, it is possible that various levels of insect and fungal damage existed at different forest 
strata, which we did not take into consideration. Other studies, such as those conducted by 
Adams14 and Cincotta12, sampled leaves from all ages of trees, while our study focused 
specifically on saplings. For instance, in Adams’s study, freshly fallen foliage was collected in 
autumn and assessed for damage, lumping all ages of trees together. Thus, it is plausible saplings 
do not show the same damage correlations found within mature trees. 

 Even though ERH did not apply to our study, there are other hypotheses that strive to 
explain why invasive species succeed in their non-native habitats. One example is the resource 
availability hypothesis (RAH), which states that certain exotic species tend to flourish when 
resource availability increases or when native plants competing for the same resources decrease 
in population size9. Other hypotheses still need to be explored. Further research should focus on 
traits that might allow the Norway maples to displace the sugar maple. For instance, Norway 
maples are more shade tolerant7 and are capable of growing in dense groups14. Moreover, 
Norway maples have greater reproductive success than sugar maples because of their larger seed 
size and lower rates of seedling predation16. Norway maples also have thicker leaves than those 
of sugar maples, which suggests that it is harder for insects to digest the leaf tissue12. Therefore, 
the Norway maple trees may suffer less damage from predators in the new environment.  

 In order to combat the spread of invasive species, biological control has become an 
increasingly popular method of eradicating exotic, invasive species. Our research did not provide 
support for using this method of control on the Norway maple. Also, Cincotta et al.12 and 
Adams14 admit that the difference in leaf predation between the Norway maple and the sugar 
maple was very small and may be biologically insignificant. In 2004, the high fungal damage 
found in Canadian Norway maples14 could possibly lead to a dwindling of the Norway maple 
population. Future progression of this pathogen might impact the American Norway maple trees. 

 In conclusion, leaf damage sustained by Norway maple and sugar maple trees was similar. 
In our study, Norway maples had a slightly larger proportion of damaged leaves, but sugar 
maples had higher percentages of damage on individual leaves. Although our study findings did 
not coincide with ERH, it also did not disprove the hypothesis. Since this study concentrated on 
saplings only, other studies should be conducted focusing on various other age groups of trees 
and incorporate a variety of locations. Further research should take into account the effect of 
resource availability, such as chemical properties of the soil, access to nutrients, and 
environmental pollution. Overall, it is probable that there is more than one single factor that 
gives the Norway maple its successful invasive properties. A better understanding of the 
ecological traits of Norway maples in its non-native habitat will contribute to improved control 
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of the species in northeastern forests. Improved control and protection will allow for more 
diverse forests where native species are able to flourish as well.   

ACKNOWLEDGEMENTS 

 There are several people we would like to thank for their roles in our experiment.  First, 
this project could have been possible without the New Jersey Governor’s School in the Sciences.  
The program gave us the opportunity to conduct our research and gain a multitude of valuable 
experiences.  The staff for the NJGSS program was also phenomenally helpful, especially Dr. 
David Miyamoto, Myrna Papier, Professor Sara Koepf, and all the sponsors.  We would also like 
to acknowledge Dr. Sara Webb for her guidance in helping us choose an appropriate study site in 
the preserve deserve heartfelt thanks.  Without her, we would have had a very difficult time in 
beginning and organizing our project.   

 



APPENDIX 
 

 
Leaf card index showing the percent damage14. Used to visually estimate relative percent damage 
in our leaf samples.  
 
 
 
 
 
 
 
 
 

[8‐8] 

 



[8‐9] 

 

 
REFERENCES 
 
1Elton CS. The ecology of invasions by animals and plants. London: Chapman and Hall; 2000. 

2Vitousek PM, D’Antonio CM, Loope LL, Westbrooks R. Biological invasions as global 
environmental change. American Scientist 1996;84: 468-478. 
 
3Pimentel D, Lach L, Zuniga R, Morrison D. Environmental and economic costs of 
nonindigenous species in the United States. BioScience 2000;50 (1): 53-65. 
 

4Nowak DJ, Rowntree RA. History and range of Norway maple. Journal of Arboriculture 
1990;16 (11): 291-296. 
 

5Martin PH, Marks PL. Intact forests provide only weak resistance to a shade-tolerant invasive 
Norway maple (Acer platanoides L.). Journal of Ecology 2006;94: 1070-1079. 
 

6Webster CR, Nelson K, Wangen SR. Stand dynamics of an insular population of an invasive 
tree, Acer platanoides. Forest Ecology and Management 2005;208: 85-99. 
 
7 Wyckoff PH, Webb SL.  Understory influence of invasive Norway maple (Acer platanoides). 
Bulletin of the Torrey Botanical Club 1996;123 (3): 197-205. 
 

8Rejmánek M, Richardson DM. What attributes make some plant species more invasive?. 
Ecology 1996;77 (6): 1665-1661. 
 

9 Blumenthal, D. Interrelated Causes of Plant Invasion. Science 2005 10;310: 243-244 

 
10Keane RM, Crawley MJ. Exotic plant invasions and the enemy release hypothesis. Trends in 
Ecology & Evolution 2002 4;17 (4): 164-170. 
  
11Liu H, Stiling P, Pemberton RW. Does enemy release matter for invasive plants?. Biological 
Invasions 2007;9 (7): 773-781. 
 
12Cincotta CL, Adams JM, Holzapfel C. 2008. Testing the enemy release hypothesis: a 
comparison of foliar insect herbivory of the exotic Norway maple (Acer platanoides L.) and the 
native sugar maple (A. saccharum L.). Biological Invasions 2008 3;11 (2): 379-388. 
 

13 Webb SL, Kaunzinger CK. Biological Invasion of the Drew University (New Jersey) Forest 
Preserve by Norway Maple (Acer platanoides L.). Bulletin of the Torrey Botanical Club 
1993;120 (3): 343-349. 



[8‐10] 

 

14 Adams JM, Fang W, Callaway RM, Cipollini D, Newell E. A cross-continental test of the 
enemy release hypothesis: leaf herbivory on Acer platanoides (L.) is three times lower in North 
America than in its native Europe. Biol Invasions 2009;11: 1005-1016.  
 

15 Statistical Package for the Social Sciences (SPSS), 2009. Version 17.0. SPSS, Chicago. 
 

16 Morrison, JA, Mauck, K. Experimental field comparison of native and non-native maple 
seedlings: natural enemies, ecophysiology, growth and survival. Journal of Ecology 2007;95: 
1036-1049. 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


