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Abstract Stable isotopes of nitrogen and carbon

(d15N and d13C) provide an important tool to examine

diet, trophic position and movement/migration of

both aquatic and terrestrial animals. Over the past

10 years, there have been repeated calls to tighten up

basic assumptions when applying stable isotopes,

one of the most important being the application of

accurate, species-specific diet-tissue discrimination

factors (DTDFs). Taxa- or species-specific DTDFs

are required for (i) predicting dietary sources to a

consumer using stable isotope mixing models and

(ii) for estimating trophic position relative to primary

consumers or known base species. Logan & Lutca-

vage (2010) recently presented data on stable isotope

dynamics in elasmobranch fishes and concluded that

DTDFs for teleost fish were suitable for elasmo-

branch fish, endorsing the generally applied value of

3.4%. When considering (i) a recent study which

found that DTDFs were lower for large sharks than

teleost fish (Hussey et al., 2010) and (ii) that the

Logan and Lutcavage study did not experimentally

address the issue of DTDFs, we would argue that this

conclusion is misleading. We demonstrate this point

by estimating the proportion of prey items of a

captive shark with a known diet history by modelling

the d15N values of the shark and its prey. The often

repeated implication of inaccurate DTDFs is clear,

with model results highly variable depending on the

selected DTDF. In addition, model results for the

standard teleost DTDF of 3.4% provided erroneous

estimates of prey consumption. The suggestion that

DTDFs for teleost fish are suitable for elasmobranchs

may mislead investigators to choose DTDFs which

are likely not applicable to their study species.

Caution is therefore warranted in advocating this

approach. Continued experimental work to examine

stable isotopes in sharks is required and recommen-

dations are made.
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Recently, Logan & Lutcavage (2010) undertook a

controlled experiment to examine nitrogen and car-

bon stable isotope (d15N and d13C) tissue turnover

rates for liver, whole blood and white muscle in

juvenile sandbar sharks (Carcharhinus plumbeus). In

addition, the authors examined the possible impact of

urea on d15N values in coastal skates (Leucoraja spp.)

and the spiny dogfish (Squalus acanthias). The latter

experiment was based on previous work by Fisk et al.

(2002) on greenland sharks (Somniosius microceph-

alus) that found discrepancies between contaminants

and d15N for estimating trophic position. Fisk et al.

(2002) suggested that d15N values may be low as a

result of urea retention in elasmobranchs.

The results of the two main questions posed by

Logan and Lutcavage (2010) present important data

for interpreting stable isotope data in sharks;

(1) Tissue turnover rates varied with tissue type and

were dependent on tissue-specific metabolic

rate. The predicted turnover rates were similar

to those previously reported for a freshwater

stingray, Potamotrygon motoro (MacNeil et al.,

2006) providing further confidence in their

results.

(2) Urea had minimal effect on d15N values of

blood and white muscle tissue. The authors

therefore concluded that urea should not com-

plicate the interpretation of d15N values for

understanding diet and trophic position of

elasmobranchs.

Logan & Lutcavage (2010) however, clearly state

in their abstract, discussion and conclusion that

available diet-tissue discrimination factors (DTDFs)

for teleost fish could therefore be applied to elasmo-

branchs. We would question these statements on the

suitability of teleost diet-tissue discrimination factors

(DTDFs) for elasmobranchs and argue that variation

in DTDFs is a major source of observation error in

stable isotope studies, particularly in the marine

environment.

As Logan & Lutcavage (2010) point out, previous

meta-analyses have shown that teleost d15N DTDFs

are highly variable, ranging from -1 to 5.6% (Caut

et al., 2009). Moreover, there have been repeated

calls in the literature for species-specific DTDFs to

enable accurate interpretation of stable isotope data

(Gannes et al., 1997; Martinez del Rio et al., 2009;

Caut et al., 2009; Wolf et al., 2009). This is of

particular importance for determining diet contribu-

tions using stable isotope mixing models [e.g.

IsoSource (Phillips & Gregg, 2003) and MIXsir

(Moore & Semmens, 2008)] and for estimating

trophic position. Non-specific DTDFs can easily bias

interpretation of diet contribution/trophic position

and fail to reflect the uncertainty inherent in their

selection (Caut et al., 2008, 2009). Because the

Logan & Lutcavage (2010) study did not deal directly

with or report DTDFs, we feel it is inappropriate for

this study to state that teleost DTDFs are suitable for

elasmobranchs.

More importantly, the suggestion by Logan &

Lutcavage (2010) that DTDFs for teleost fish can be

applied to elasmobranchs may be inaccurate based on

a recent experiment under semi-controlled conditions

to examine DTDFs for two large sharks, the sand

tiger (Carcharias taurus) and the lemon shark

(Negaprion brevirostris) (Hussey et al., 2010). This

study reported a d15N DTDF for sharks of

2.29% ± 0.22 (mean ± SD) based on lipid extracted

shark and prey muscle tissue. Although small in

sample size (n = 4), there was low variation in

DTDFs among individual animals (sand tigers: 2.27,

2.15, and 2.14%; lemon shark: 2.60%). These data

provide an alternative and likely more accurate

estimate for elasmobranchs than the standard 3.4%
(Post, 2002) used by Estrada et al. (2003) or reported

meta-analyses values [2.96%: Vanderklift & Ponsard

(2003); *2.5%: Caut et al. (2009)].

The effect of an inaccurate DTDF on predicted

diet contributions can be illustrated by applying

known d15N data for a consumer (shark) and sources

(prey) to an IsoSource model and comparing model

predictions against the actual contribution of those

sources to the consumer. For example, the Deep Sea

World sand tiger from Hussey et al. (2010) had a

mean white muscle tissue d15N value of 14.99% ±

0.19. The shark fed on three prey sources, trevally

(Pseudocaranx dentex; 42.96% of total diet fed over a

1-year period), saithe (Pollachius virens; 33.67%),

and mackerel (Scomber scombrus; 23.37%) with

d15N values for the prey sources being 14.41% ±

0.48, 11.97% ± 0.74 and 13.13% ± 0.16, respec-

tively. IsoSource model results for mean percentage

contribution of prey sources using DTDFs ranging from

1.8 to 3.8% in 0.1 increments are presented in Fig. 1.
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There was large variation in model predicted

results for the percentage diet contribution of the

three prey sources with varying DTDF (Fig. 1).

A DTDF C2.7 found that saithe was the major dietary

component while a DTDF B2.1 found that trevally

was the most important dietary component. Therefore,

if a DTDF of 3.4% was used, the model would

indicate that the shark was feeding predominantly on

saithe (88%), while using the reported value of 2.3%
(Hussey et al., 2010), estimates were more similar to

the actual percentage diet contributions of the three

prey sources: mackerel (46.1%), trevally (30.0%) and

saithe (23.9%) (Fig. 1). We do accept, however, that

this animal was used in the original calculation of the

DTDF in Hussey et al. (2010). In addition, on the

premise that DTDFs are governed by the d15N value of

diet (Overmyer et al., 2008; Caut et al., 2009), we

would expect a DTDF of 2.15% for this animal based

on the equation provided by Caut et al. (2009) and a

total diet d15N value of 13.27% (Hussey et al., 2010).

For a DTDF of 2.1% (within 1 SD of the mean d15N

DTDF derived by Hussey et al., 2010), the estimated

dietary proportions were trevally (42.96%), saithe

(38.2%) and mackerel (19.8%), values very near

identical to the true diet of this shark (Fig. 1). This

provides strong evidence for lower DTDFs for sharks

than teleost fish and the generally applied 3.4%. The

often-repeated (Gannes et al., 1997; Ben-David &

Schell, 2001; Caut et al., 2008, 2009; Wolf et al., 2009)

implication is clear—inaccurate DTDFs can greatly

bias diet contribution estimates from mixing models. It

is also important to reiterate that DTDFs can be tissue

specific (Pinnegar & Polunin, 1999; Hussey et al.,

2010).

Furthermore, Logan & Lutcavage (2010) used an

exponential decay curve model to calculate d15N

tissue turnover rates. To account for uncertainty, the

authors used both a high (3.4%) and a low (1.5%)

DTDF estimate in the model calculation and con-

cluded that d15N turnover rate estimates were similar

to those reported for a freshwater stingray (MacNeil

et al., 2006). Careful examination of their results,

however, shows that the low DTDF provided the

most comparable results to that of MacNeil et al.

(2006) (Table 1), providing further evidence that

DDTFs are lower than 3.4% in elasmobranchs.

The primary results of the Logan & Lutcavage

(2010) study are important for advancing our under-

standing of stable isotopes in elasmobranchs. Over the

past few years, however, there have been repeated

calls for the tightening of basic assumptions in stable

isotope ecology (Gannes et al., 1997; Caut et al., 2008,

2009; Wolf et al., 2009). It is therefore important that

stable isotope ecologists are aware of these issues and

move away from generalised assumptions developed

from lake ecosystems (Jardine et al., 2006).

As both Hussey et al. (2010) and Logan &

Lutcavage (2010) emphasise, further experimental
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Fig. 1 IsoSource predicted mean prey source contributions to

the total diet of the Deep Sea World sand tiger shark

(Carcharias taurus) using incremental diet-tissue discrimina-

tion factors and known d15N values for the consumer (shark)

and source (prey) muscle tissue. Accepting IsoSource calcu-

lates a range of values for each source, mean percentage values

were selected to highlight the systematic changes in prey

contributions as a result of varying DTDF. Horizontal lines
represent the actual percent contribution of sources to total diet

over a 1-year-period prior to sampling. Dash-dotted vertical
line and grey box represent the mean DTDF ± SD

(2.29 ± 0.22) derived for large sharks by Hussey et al.

(2010); dashed vertical line is mean DTDF (3.4 ± 0.98)

derived by Post (2002) for consumers in lake systems

Table 1 Turnover rate estimates for d15N in elasmobranch muscle tissue

Study Species D15N value Tissue m ± SE (day-1) Half life (days) 95% Turnover (days)

Logan & Lutcavage

(2010)

C. plumbeus High Muscle 0.009 ± 0.001 78.8 ± 9.0 340.5 ± 38.7

C. plumbeus Low Muscle 0.0007 ± 0.001 105.9 ± 9.5 457.8 ± 41.0

MacNeil et al. (2006) P. motoro Muscle 0.0041 ± 0.00042 98 422
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work is required to examine DTDFs for elasmo-

branchs. This work could examine the effects of (i) diet

[high vs. low quality (Robbins et al., 2005) and high

d15N diet vs. low d15N diet (Felicetti et al., 2003; Caut

et al., 2009)] and; (ii) growth rate [juvenile vs. adult

(Trueman et al., 2005)] on DTDFs. In addition, DTDFs

for a range of elasmobranch species are required.

Future work could examine indicator species for

specific life-strategies through aquaria or laboratory

studies, for example, large zooplanktivores [whale

shark (Rhincodon typus); manta ray (Manta birostris)],

large mobile generalists [sandbar and bull (Carcha-

rhinus leucas) shark] and epibenthic less mobile

generalist species [leopard shark (Triakis semifasciat-

a) and southern stingray (Dasyatis americana)].

References

Ben-David, M. & D. M. Schell, 2001. Mixing models in

analysis of diet using multiple stable isotopes: a response.

Oecologia 127: 180–184.

Caut, S., A. Elena & C. Franck, 2008. Caution on isotopic

model use for analyses of consumer diet. Canadian Jour-

nal of Zoology 86: 438–445.

Caut, S., E. Angulo & F. Courchamp, 2009. Variation in dis-

crimination factors (D15N and D13C): the effect of diet

isotopic values and applications for diet reconstruction.

Journal of Applied Ecology 46: 443–453.

Estrada, J. A., A. N. Rice, M. E. Lutcavage & G. B. Skomal,

2003. Predicting trophic position in sharks of the north-

west Atlantic Ocean using stable isotopes. Journal of the

Marine Biological Association of the United Kingdom 83:

1347–1350.

Felicetti, L. A., C. C. Schwartz, R. O. Rye, M. A. Haroldson,

K. A. Gunther, D. L. Phillips & C. T. Robbins, 2003. Use

of sulphur and nitrogen isotopes to determine the impor-

tance of whitebark pine nuts to Yellowstone grizzly bears.

Canadian Journal of Zoology 81: 763–770.

Fisk, A. T., S. A. Tittlemier, J. L. Pranschke & R. J. Norstrom,

2002. Using anthropogenic contaminants and stable iso-

topes to assess the feeding ecology of Greenland shark.

Ecology 83: 2162–2172.

Gannes, L. Z., D. O’Brien & C. Martinez del Rio, 1997. Stable

isotopes in animal ecology: assumptions, caveats and a

call for laboratory experiments. Ecology 78: 1271–1276.

Hussey, N. E., J. Brush, I. D. McCarthy & A. T. Fisk, 2010.

d15N and d13C diet discrimination factors for large sharks

under semi-controlled conditions. Comparative Bio-

chemistry and Physiology Part A 155: 445–453.

Jardine, T. D., K. A. Kidd & A. T. Fisk, 2006. Applications,

considerations and sources of uncertainty when using

stable isotope analysis in ecotoxicology. Environmental

Science and Technology 40: 7501–7511.

Logan, J. M. & M. E. Lutcavage, 2010. Stable isotope dynamics

in elasmobranch fishes. Hydrobiologia 644: 231–244.

MacNeil, M. A., K. G. Drouillard & A. T. Fisk, 2006. Variable

uptake and elimination of stable nitrogen isotopes

between tissues in fish. Canadian Journal of Fisheries and

Aquatic Sciences 63: 345–353.

Martinez del Rio, C., N. Wolf, S. A. Carleton & L. Z. Gannes,

2009. Isotopic ecology ten years after a call for more

laboratory experiments. Biological Reviews 84: 91–111.

Moore, J. W. & B. X. Semmens, 2008. Incorporating uncer-

tainty and prior information in stable isotope mixing

models. Ecology Letters 11: 470–480.

Overmyer, J. O., M. A. MacNeil & A. T. Fisk, 2008. Frac-

tionation and metabolic turnover of carbon and nitrogen

stable isotopes in black fly larvae. Rapid Communications

in Mass Spectrometry 22: 694–700.

Phillips, D. L. & J. W. Gregg, 2003. Source portioning using

stable isotopes: coping with too many sources. Oecologia

136: 261–269.

Pinnegar, J. K. & N. V. C. Polunin, 1999. Differential frac-

tionation of d13C and d15N among fish tissues: implica-

tions for the study of trophic interactions. Functional

Ecology 13: 225–231.

Post, D. M., 2002. Using stable isotopes to estimate trophic

position: models, methods, and assumptions. Ecology 83:

703–718.

Robbins, C. T., L. A. Felicetti & M. Sponheimer, 2005. The

effects of dietary protein quality on nitrogen isotope dis-

crimination in mammals and birds. Oecologia 144: 534–540.

Trueman, C. N., R. A. R. McGill & P. H. Guyard, 2005. The

effect of growth rate on tissue-diet isotopic spacing in

rapidly growing animals. An experimental study with

Atlantic salmon (Salmo salar). Rapid Communications in

Mass Spectrometry 19: 3239–3247.

Vanderklift, M. A. & S. Ponsard, 2003. Sources of variation in

consumer-diet d15N enrichment: a meta-analysis. Oeco-

logia 136: 169–182.

Wolf, N., S. A. Carleton & C. Martinez del Rio, 2009. Ten

years of experimental animal isotopic ecology. Functional

Ecology 23: 17–26.

Author Biographies

Nigel E. Hussey is a post-

doctoral fellow based at the

University of Windsor,

Canada. His main research is

focused on understanding

trophic interactions and how

these structure marine and

freshwater systems. His

research employs field tech-

niques, including acoustic

and satellite tracking tech-

nology and chemical tracers.

Dr. Hussey is currently

involved in ecosystem-based

projects in the Arctic, the Red Sea, and off Southern Africa.

4 Hydrobiologia (2010) 654:1–5

123



M. Aaron MacNeil is

Research Scientist in Marine

Biodiversity with the Aus-

tralian Institute of Marine

Science. His research focu-

ses on understanding the role

of fishes in marine ecosys-

tems, the effects of distur-

bance on fish community

structure, and the develop-

ment of sustainable fisheries.

Working in a wide range of

environments, from tropical

to polar regions, his

work examines the relative

importance of specific ecological and anthropogenic processes

through the use of hierarchical statistical models. Currently

Dr. MacNeil is working to link social–ecological data to

understand how socio-economic forces affect the sustainability

of reef resources and to quantify recovery rates of coral com-

munities on the Great Barrier Reef.

Aaron T. Fisk is an Asso-

ciate Professor and Canada

Research Chair in Trophic

Ecology at the Great Lakes

Institute for Environmental

Research, University of

Windsor. His research focuses

on the mechanisms and pro-

cesses that structure, and the

impact of multiple stressors

on, trophic relationships and

food web function in aquatic

ecosystems. Chemical tracers,

including stable isotopes,

fatty acids, elements and

contaminants, are important tools in his research. Understanding the

underlying mechanisms that control the movement of these tracers

through food webs have and continue to be a focal point of

Dr. Fisk’s research program. His research projects include lab and

field studies, from tropical streams to higher arctic marine ecosys-

tems, and from freshwater guppies to Greenland sharks.

Hydrobiologia (2010) 654:1–5 5

123


	The requirement for accurate diet-tissue discrimination factors for interpreting stable isotopes in sharks
	Abstract
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <>
    /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 <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


