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Executive summary  
 
The UK lacks any national programme to assess the state of the sea floor 
ecosystem (benthos). The National Marine Monitoring Programme  
network of sites covers estuaries and a limited number of nearshore stations 
with data runs of over 15 years. The two Dove Time Series Stations (an 
element of the MECN ) represent probably the best benthic  time series 
anywhere in the world, however they alone cannot provide the spatial 
coverage needed for a UK perspective. 
 

• The available data show that climatic processes, both directly, e.g. 
winter mortality, and indirectly, via hydrographic  conditions, influence 
the abundance and species composition of sea bed communities. 

 
• These variations will directly affect the availability of food for bottom 

feeding fish such as cod and haddock, impact on shellfish populations 
(Nephrops and scallops/clams) and potentially alter patterns of 
biodiversity and ecological functioning.  

 
• The alteration in the seafloor communities could alter rates and timing 

of processes such as nutrient cycling, larval supply to the plankton and 
organic waste assimilation.  

 
• At local (although still large) spatial scales there is also evidence of 

effects resulting from fishing impacts and at smaller scales habitat 
modification e.g. wind farms, and impacts from contaminants e.g. oil 
and gas exploration, waste dumping. 
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• Changes to sea temperature and / or food supply are likely to continue 

to alter the ecological structure of the seabed. 
 
Full review 
 
What is already happening  
 
The UK lacks any national programme to assess the state of the marine 
benthos (Defra, 2005). Limited data are available for intertidal areas of 
conservation importance and the NMMP  network of sites now covers 
estuaries and a limited number of nearshore stations with data runs over 15 
years. The two offshore (6 and 12 nautical mile) stations that are part of the 
Dove Time Series (an element of the MECN ) represent probably the best 
benthic time series anywhere in the world, however they alone cannot provide 
the spatial coverage needed for a UK perspective. This assessment is based 
on a recent major review of data for the wider North Sea (Clark & Frid, 2001) 
and analyses of the Dove series (Robinson, 2004; Frid et al. in press). 
 
The North Sea has a long history of benthic ecological research. Petersen 
pioneered the first quantitative benthic sampling gear as early as 1896 
(Petersen & Boysen-Jensen, 1911). Blegvad was the pioneer of detailed 
sampling of the North Sea area during the early 20th century (Davis 1923; 
Davis 1925). The Dana expedition in the 1950s provided another snapshot, 
and more recently a series of research studies, e.g., the ICES  North Sea 
Benthos Survey (Duineveld et al., 1991; Heip et al., 1992; Kunitzer et al., 
1992), and pre-drilling studies for the oil and gas industries have provided 
greater coverage of the seabed fauna. However, the available data do not 
provide a spatially continuous coverage of the North Sea and this makes it 
difficult to establish the role of mechanisms, which operate over large spatial 
scales (e.g., climate and meteorological changes).  
 
Analysis of the available data (Clark and Frid, 2001) identify three major 
changes in the North Sea benthos: 
 

• Biomass and abundance was higher during the 1980s compared with 
the 1970s in both littoral  (Balgzand) and sublittoral  
(Northumberland, Skaggerak) stations. 

 
• Changes in abundance off Northumberland (stations M1 and P) 

occurred between 1980 and 1981, coinciding with a noticeable shift in 
community structure at one of the stations. At the 100m-deep 
Skaggerak station, these changes were observed to occur a year 
earlier, between 1979 and 1980, while at Balgzand, the change in 
abundance and biomass that also occurred between 1979 and 1980 
was accompanied by a shift from larger- to smaller-sized individuals. 

 
• Between the 1920s and the 1980s, three out of five communities in the 

central and southern North Sea showed a definite change, whilst 
between the 1950s and 1980s, the Dogger Bank benthos showed a 
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decline in long-lived taxa, although total biomass had increased, mainly 
because of an increase in opportunistic species. 

 
The primary mechanism governing changes in both abundance and 
community structure of the North Sea benthos appears to be through changes 
in the amount of sedimenting plankton, the main source of food for the 
benthos. Changes were observed to occur around the late 1970s and early 
1980s at a number of sites. Increases in both zooplankton and phytoplankton 
productivity in the North Sea also occurred at this time. Whether it is changes 
in climate or nutrients forcing the community depends mostly on the region 
concerned, as climatic effects predominate in the central and northern North 
Sea area, yet in the southern North Sea, the influence of climate was 
overridden by the magnitude of nutrient inputs into the region. The direct 
effect of temperature on benthic communities is also involved in forcing long-
term changes, and for some communities these changes may be as important 
as changes in food supply. Cold winter temperatures predominantly cause 
increased mortality upon littoral macrobenthic  communities, although they 
have also been recorded as affecting sublittoral communities (Beukema, 
1985; 1992). Lower temperatures also exert a selective effect on the 
community by removing vulnerable species and allowing resilient species to 
thrive in the conditions of reduced competition (Kröncke et al., 1998). It has 
been possible to predict the patterns of concurrence of benthos at shallow (5-
20m) sites in the southern North Sea on the basis of the hydrography (as 
indexed by NAO ) the previous winter (Dippner & Kröncke, 2003). 
 
In addition to these large-scale environmental factors, there are numerous 
types of anthropogenic influences (hypoxia, fly ash, sewage sludge dumping) 
on benthic communities. However, these effects tend to be restricted to the 
immediate vicinity of the activity. An exception to this is through the large-
scale impact of trawling of the sediment, which suggests that trawling has 
been involved in shifting the benthos from long-lived to more opportunistic 
taxa in many areas of the North Sea. Unfortunately, this change from long-
lived, slowly reproducing species to small species with a high reproductive 
rate (opportunists) is similar to that caused by increased food supply to the 
benthos, meaning that it is difficult to distinguish between changes in the 
benthos caused by fishing and those changes due to increased food supplies. 
 
Recent analysis (Robinson, 2004) of the Dove benthic series identified a 
signal due to climatic forcing (as opposed simply to winter temperature). At 
Station M1, analysis of the updated time-series showed benthic abundance to 
be associated with the GSNW  position of the same year and with the winter 
NAO Index of the previous year.  This translation of climatic signal to the 
benthos was not obviously mediated through a mechanism involving primary 
production, as the associations between phytoplankton productivity and the 
same climatic variables did not correspond with those of the benthos at M1. 
 
In addition to the direct evidence of change coming from studies of the 
seafloor there have also been attempts to infer change in the benthos from 
changes in other data series. For example, Lindley et al. (1995) noted 
changes in the abundance of larvae in the plankton and linked this to changes 
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in the benthos, with a marked shift occurring around the 1980s. Lindley & 
Batten (2002) considered the possibility that this arose from an increase in the 
abundance of the burrowing sea urchin Echinocardium cordatum that does 
well in mild winters. Kirby & Lindley (2005) used molecular techniques to 
identify 94 echinoderm larvae from North Sea CPR plankton samples. Useful 
DNA was extracted from 24 larvae and of these 18 were larvae of burrowing 
sea urchins, 3 of brittlestars and 3 from spiny starfish. This suggests that the 
rise in echinoderm larvae noted since the 1980s is largely due to increases in 
urchins and thus is consistent with an effect due to milder winters. However, 
the authors did not comment on the apparent lack of increase of adult urchins 
in benthic time series (Fig. 1). This then raises the possibility that the best 
benthic time series we have is not representative of larger area or that the 
planktonic shift reflects changes in larval production/survival that are not 
reflected in adult numbers. Buchanan & Warwick (1974) considered, based on 
data collected between 1964 and 1972, that M1 was representative of the 
fauna and ecology of a large area of inshore sediments. Therefore this result 
may actually reflect changes in the timing of events in the plankton causing an 
altered survivorship, a phenomenon that has been evoked to explain changes 
in the dynamics of fish larvae (Beaugrand et al. 2003). 
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Heath (2005) indicated a long-term increase in benthic invertebrate production 
in the North Sea. Whilst this is attributed to a reduction in predation from fish, 
associated with reduced predator population abundance caused by fishing, 
there may well still be an environmental component underpinning the change 
in the benthos. 
 
In the northern North Sea (Scottish waters) the DTI Monitoring Committee 
have initiated work, financed by UKOOA (now Oil & Gas UK), looking at three 
sites with reasonable time series data dating from the 1980s.  In 2005-2006 
these sites were re-surveyed using the same techniques and the same 
targeted strategy as in the original work.  The analysis of the samples is still 
being undertaken and as yet nothing can be said about the results apart from 
the fact that they will be available towards the end of this year. 
 
In parallel with these targeted surveys the Monitoring Committee also 
instigated a random stratified survey of the macrobenthos of the Fladens area 
based on the strategy previously employed by FRS to look at the hydrocarbon 
contamination of far field sediments (remote from production facilities). This 
demonstrated that background values, by the early part of the new century, 
showed a decrease when compared to the levels measured in the 1980s and 

Figure 1. Mean (n=5; 0.1m2 grabs) 
number of Echinocardium per square 
metre in the benthos at Dove time 
series station M1. The large increase in 
larval numbers recorded in the plankton 
from the 1980s is not seen in the adult 
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1990s.  Preliminary analysis of these samples demonstrated that the fauna of 
the area was very homogeneous and there was little obvious impact of 
offshore operations.  Again these data are in the process of being more 
deeply analysed and it is hoped they will be published in autumn, 2007. 
 
As far as ongoing work is concerned, another random stratified survey, this 
time of the East Shetland Basin, will be conducted in the latter part of July this 
year, again under the sponsorship of Oil & Gas UK and directed by the 
Monitoring Committee.   
 
What could happen in the future 
 
There is no reason to suspect that benthic systems will stop responding both 
directly to environmental drivers such as sea temperature or indirectly to 
changes in the food supply. Both of these are strongly influenced by climatic 
factors and so continued climate change will be reflected by continued change 
in benthic systems. To date changes have been manifest in changes in 
species composition but not major shifts or changes in gross productivity. This 
is likely to remain the case in the short to medium term.  
 
However, as the extent of the environmental change grows then so does the 
likelihood of a major shift. Many marine systems are known to exhibit 
alternative states (i.e. be susceptible to phase shifts) and there is therefore 
the possibility of a major shift in system dynamics. It is impossible to predict 
when this might occur. It may be the result of invasion through range 
expansion of southern species, loss through range contraction of northern 
species or be precipitated by a species introduced by man.  
 
Given the broad similarity of benthic communities around the world the 
system is not likely to look vastly different i.e. polychaetes, molluscs and 
echinoderms will still dominate the macrofauna but there remains the 
possibility that ecological processes will be severely altered. 
 
Confidence assessments 
 
 ‘What is already happening’ – Medium  
 
There is a growing body of data – direct and indirect, for change in benthic 
systems over the last 2-3 decades. This is based on a limited number of 
locations. It is less certain that climate is the main driver of the changes. It is 
clear that fishing has also brought about large scale, multi-decadal changes 
and any effects of eutrophication  in the southern North Sea will have also 
contributed to benthic change via altered food inputs. 
 
 
‘What could happen in the future’ - Low 
 
Very limited data. The predicted changes go outside the range of current 
observations, the system has non-linear dynamics, and it is multi-factorial, so 
predictive power is limited. 
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Knowledge gaps  
 
Better spatial coverage – i.e. more offshore data sets/monitoring and in more 
regions. 
 
Commercial impacts  
 
Potentially a large impact on fish stocks due to changed prey availability. 
Altered patterns of species abundance will impact on nutrient regeneration, 
waste processing and biodiversity. This could compromise delivery of other 
ecosystem services. 
 
References  
 
Beaugrand G, Brander KM, Lindley JA, Souissi S, Reid PC (2003) Plankton 

effect on cod recruitment in the North Sea. Nature 426:661-664 
Beukema, J. J. (1985). In Marine biology of polar regions and effects of 

severe winters on high and low tidal flats in the Dutch Wadden Sea (ed. 
Christiansen, J. S. G. a. M. E.) 351-361 (John Wiley and Sons, London, 
1985). 

Beukema, J. J. (1992). Expected changes in the Wadden Sea benthos in a 
warmer world: Lessons from periods with milder winters. Netherlands 
Journal of Sea Research 30, 73-79. 

Buchanan JB, Warwick RM (1974) An estimate of benthic macrofaunal 
production in the offshore mud of the Northumberland coast. Journal of 
the Marine Biological association of the UK 54:197-222 

Clark, R. A. and Frid, C. L. J. (2001). Long-term changes in the North Sea 
ecosystem. Environmental Reviews 9, 131-187. 

Davis, F. M. (1923). Quantitative studies on the fauna of the sea bottom. No. 
1 Preliminary investigations of the Dogger Bank. Fishery Investigations. 
Ministry of Agriculture, Fisheries and Food Series 2 6, 1-54 (1923). 

Davis, F. M. (1925). Quantitative studies on the fauna of the sea bottom. No. 
2 Results of the invesigations into the southern North Sea 1921-1924. 
Fishery Investigations. Ministry of Agriculture, Fisheries and Food Series 
2 8, 1-50. 

DEFRA (2005). Charting Progress: An Integrated Assessment of the State of 
UK Seas. Department of Environment, Food and Rural Affairs, London. 

Dippner JW, Kroncke I (2003) Forecast of climate-induced change in 
macrozoobenthos in the southern North Sea in spring. Climate Research 
25:179-182 

Duineveld, G. C. A., Kunitzer, A., Niermann, U., Dewilde, P. and Gray, J. S. 
(1991). The Macrobenthos of the North-Sea. Netherlands Journal of Sea 
Research 28, 53-65. 

Frid, C.L.J., P.R. Garwood and L.A. Robinson (in press). Observing change in 
a North Sea benthic system: A 33 year time series. J. Mar. Syst. 

Heath M.R. (2005) Changes  in the structure and function of the North Sea 
fish food web, 1973-2000 and the impacts of fishing and climate. Ices 
Journal of Marine Science 62, 847-868 

Heip, C., Basford, D., Craeymeersch, J.A., Dewarumez, J.M., Dorjes, J., de 

6 



MCCIP Annual Report Card 2007-2008 Scientific Review  - Seabed Ecology 

Wilde, P., Duineveld, G., Eleftheriou, A., Herman, P.M.J., Niermann, U., 
Kingston, P., Kunitzer, A., Rachor, E., Rumohr, H., Soetaert, K. and 
Soltwedel, T. (1992). Trends in Biomass, Density and Diversity of North-
Sea Macrofauna. Ices Journal of Marine Science 49, 13-22. 

Kirby RR, Lindley JA (2005) Molecular analysis of Continuous Plankton 
Recorder samples, an examination of echinoderm larvae in the North 
Sea. Journal of Marine Biological Association UK 85: 451–459 

Kröncke, I., Dippner, J. W., Heyen, H. and Zeiss, B. (1998). Long-term 
changes in macrofaunal communities off Norderney (East Frisia, 
Germany) in relation to climate variability. Marine Ecology Progress 
Series 167, 25-36. 

Kunitzer, A., Basford, D., Craeymeersch, J.A., Dewarumez, J.M., Dorges, J., 
Duineveld, G.C.A., Eleftheriou, A., Heip, C., Herman, P., Kingston, P., 
Niermann, U., Rachor, E., Rumohr, H. and Wilde P.A.J. (1992). The 
Benthic Infauna of the North-Sea - Species Distribution and Assemblages. 
Ices Journal of Marine Science 49, 127-143. 

Lindley JA, Gamble JC, Hunt HG (1995) A change in the zooplankton of the 
central North Sea (55°–58°N): a possible consequence of changes in the 
benthos. . Marine Ecology Progress Series 119:299–303 

Lindley JA, Batten SD (2002) Long-term variability in the diversity of North 
Sea zooplankton. Journal of the Marine Biological Association of the UK 
82:31–40 

Petersen, C. G. J. and Boysen-Jensen, P. (1911). Valuation of the sea. 
Animal life of the sea bottom, its food and quantity. Report of the Danish 
Biological Station 10, 1-76 (1911). 

Robinson, L. A. (2004). The Scientific Basis for an Ecosystem Approach to 
Managing Benthic Systems. PhD Thesis, University of Newcastle, 
Newcastle upon Tyne. 

   

7 


	Topic 
	Author(s) 
	Confidence assessments

	Knowledge gaps 
	References 


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


