
Chapter 11
Macroevolutionary Trends in the Skull
of Sauropodomorph Dinosaurs – The Largest
Terrestrial Animals to Have Ever Lived

Mark T. Young and Matthew D. Larvan

Idea and Aims

Geometric morphometric analysis was applied to the skull (separately in lateral
and dorsal view) of sauropodomorph dinosaurs from the Mesozoic. These anal-
yses were applied to quantify the macroevolutionary trends in sauropodomorph
craniofacial form. As the early craniofacial evolution of Sauropodomorpha has
been considered to be “conservative”, with all major changes to skull shape occur-
ring within Sauropoda itself, geometric techniques are herein employed to quantify
this statement. The landmark-based approach (relative warps analysis) was able to
confirm this statement, albeit within the limits of the sample of this study. The mor-
phospaces in both views demonstrate that sauropodomorphs became more divergent
in terms of craniofacial form, with the sauropods occupying a distinct region of,
and a greater volume of, morphospace than the “prosauropods”. Although the con-
cordance between craniofacial form and phylogeny is statistically significant, the
correlations themselves are not significant. As such, craniofacial evolution within
Sauropodomorpha is “shaped” by more than just historical contingency.

Introduction

Throughout most of the Mesozoic era (250–65 Mya) sauropodomorph dinosaurs
were the dominant terrestrial herbivores. They reached the biomechanical limits of
terrestrial gigantism, with many species of taxa achieving sizes an order of magni-
tude larger than other extinct or living terrestrial animals (Sander 2000). Therefore,
the question arises, how did these multi-tonne giants fuel their colossal bodies?
How was it possible for there to be six or more contemporaneous species of giant
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sauropods in Late Jurassic (155–145 Mya) ecosystems? As with examples of mul-
tiple contemporaneous large carnivorous dinosaurs (e.g. Henderson 1998), resource
(niche) partitioning via morphological differentiation has been posited as maintain-
ing high biodiversity. In the case of sauropods, differentiation is concentrated on
craniofacial form (although tooth crown and neck morphology are also important)
(e.g. Barrett and Upchurch 1994; Calvo 1994; Upchurch and Barrett 2000; Barrett
and Upchurch 2007; Upchurch et al. 2007).

Sauropodomorpha is a clade consisting of two well-known groups, Sauropoda
and Prosauropoda. Recent phylogenetic analyses have convincingly demonstrat-
ing the paraphyly of Prosauropoda (e.g. Upchurch et al. 2007; Yates 2003,
2007; Yates and Kitching 2003), therefore we hereafter refer to all non-sauropod
sauropodomorphs as “prosauropods” in the knowledge they do not constitute a nat-
ural group. Although the topology of the sauropodomorph evolutionary tree is still
disputed in these analyses, the taxa selected in this study remain stable throughout
(Fig. 11.1).

Although recent work has demonstrated the unrealised craniofacial diversity
within Sauropoda (e.g. Nigersaurus; Sereno et al. 2007), “prosauropods” have long
been considered conservative in cranial morphology, while their feeding mecha-
nisms are still considered to be conservative (e.g. Upchurch and Barrett 2005). As

Fig. 11.1 Evolutionary
relationships of
sauropodomorph used in this
study
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recent phylogenetic analyses include numerous “prosauropods” and sauropods, we
use geometric morphometrics and multivariate statistics to examine the macroevo-
lutionary history of craniofacial form within this clade, assessing whether broad
statements concerning craniofacial diversity are defensible.

Materials and Methods

The sauropodomorph cranial specimens analysed herein are all based upon pho-
tographs or reconstructions from the literature (see Larvan 2007 for the specimen
list). The landmarks (Fig. 11.2, Table 11.1) were digitised using Image J vers. 1.36b
(Rasband 2007).

The program tpsRelw vers. 1.42 (Rohlf 2005) was used to perform the relative
warps analyses (RWA; Rohlf 1993). The first step was to perform a generalised
Procrustes analysis on the landmark configurations taken from the digital images, to
remove differences in location, orientation and scale (see Stayton and Ruta 2006).
Once the landmarks were in Procrustes superimposed space a consensus plot (= the
mean shape) was calculated. This consensus plot is the mean landmark configura-
tion from all species in the sample. A principle components analysis was done on
shape co-ordinates (see Cavalcanti 2004 for the full methodology in detail).

Going from Procrustes superimposed alignment to an ordination plot involves
projecting the data points (the taxa) from a curved surface on to a flat one. This can
be thought of as taking one side of a globe and projecting the towns and cities onto
a map. The process of projection can lead to significant distortion of the relative
positions between taxa. To test for this, the Procrustes distances (distances between
specimens in Procrustes alignment) were regressed against the Euclidean distances
(distances between specimens on the morphospace plot) using the program tpsSmall
vers. 1.20 (Rohlf 2003).

Fig. 11.2 Lateral (top) and
dorsal (bottom) view of a
Melanorosaurus skull with
the landmarks taken shown
(see Table 11.1) (image
modified from Yates (2007)
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Table 11.1 Morphometric landmarks used, with their description

Number Skull lateral aspect Skull dorsal aspect

1 Anterior most point along premaxilla
ventral margin

Anterior most point of premaxilla along
the midline

2 Premaxilla-maxilla suture along
ventral margin

Posterior most point of premaxilla along
the midline

3 Posterior most point along maxilla
ventral margin

Premaxilla-maxilla suture along lateral
margin

4 Anterior most point along
quadratojugal ventral margin

Nasal-frontal suture along the midline

5 Inflexion point of quadratojugal at the
mandibular joint

Frontal-parietal suture along the midline

6 Premaxilla-maxilla suture along
dorsal margin

Prefrontal-nasal-frontal suture

7 Dorsal most point of the premaxilla Posterior most point of the parietal along
the midline

8 Jugal-postorbital suture along the
orbit rim

Anterior most point of the nasal along
the midline

9 Lacrimal-prefrontal suture along the
orbit rim

Prefrontal-frontal suture along the orbital
margin

10 Prefrontal-frontal suture along the
orbit rim

11 Jugal-lacrimal suture along orbit rim
12 Centroid of orbit
13 Posterior end of tooth row

Four disparity metrics were calculated using all the RW scores from all axes, for
“prosauropods” and sauropods: the sum and product of the ranges and variances
(Wills et al. 1994). Each metric gives an indication of volume of morphospace
occupied. However, range measures quantify the entire spread of morphological
variation, or the “absolute extent of bodyplan variety” (Wills 1998), whereas vari-
ance measures indicate average dissimilarity among forms. The former are more
sensitive to sample size, whereas the latter are more sensitive to taxonomic prac-
tice but robustly insensitive to sample size (Wills et al. 1994). All metrics were
calculated using the software program Rare (Wills 1998), and multiplicative mea-
sures were normalised by taking the 13th root. Statistical significance between the
disparity of “prosauropods” and sauropods were assessed in two ways: by the over-
lap or non-overlap of 95% bootstrap confidence intervals for each disparity metric
(calculated by Rare with 1,000 replications) and NPMANOVA (non-parametric
multivariate analysis of variance), which tests for significant differences in the
distribution of groups in morphospace (Anderson 2001). NPMANOVA, the mul-
tivariate (and non-parametric) equivalent of ANOVA, was calculated in PAST (vers.
1.78; Hammer et al. 2001). One of the strengths of NPMANOVA is that as a
non-parametric statistical test, it does not assume or require normality from the
multivariate data.
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In order to assess the fit between RW skull morphspace and phylogeny, Mantel’s
test was used. From the phylogeny a simple symmetrical node-based difference
matrix was collated, while Procrustes distances were calculated using tpsSmall
(v1.20, Rohlf 2003) and then collated to a similar symmetrical matrix. The resulting
matrices were imported into PAST (v1.78) and a Mantel’s test carried out.

Analyses

Regression of Procrustes distance against Euclidean distance for each pair of land-
marks gave a high correlation coefficient with r > 0.99 for both cranium lateral and
cranium dorsal aspect views. As such, distortion did not prevent interpretation of
results from the Relative Warp morphospaces.

The first two RW axes in lateral view were deemed significant as they account for
97.7 percent cumulatively of the variance about the mean shape (Fig. 11.3). Moving
across RW1, negative to positive, all landmarks move rostrally; 5 (inflexion point
of quadratojugal at the mandibular joint), 6 (premaxilla-maxilla suture along dorsal
margin) and 7 (dorsal-most point of the premaxilla) only slightly; whereas 8 (jugal-
postorbital suture along the orbit rim) and 10 (prefrontal-frontal suture along the
orbit rim) “move” considerably. In addition, landmarks 1 (anterior-most point along

Fig. 11.3 Relative warps lateral view cranial morphology morphospace delimited by the first two
axes
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the premaxilla ventral margin), 2 (premaxilla-maxilla suture along ventral margin)
and 12 (centroid of orbit) exhibit a downwards movement, while landmark 2 con-
verges on landmark 1. Landmark 4 (anterior-most point along quadratojugal ventral
margin) is the only one to show an elevation in position. Based on the landmark posi-
tion changes, progressively positive RW1 values have a lengthened premaxilla and
the quadratojugal elongating and advancing rostrally (rostral movement of the jaw
joint). The second RW axis subsumes three shape variations: 1) snout elongation,
2) tooth-row shortening and 3) orbit moving up and backwards. Moving negative
to positive across this axis, landmarks 1–3 (posterior-most point along maxilla ven-
tral margin) and 8–12 are elevated, 4–7 and 13 (posterior end of tooth row) are
depressed, while landmarks 1, 4, 5 and 8–12 “move” caudally and 2, 3, 6, 7 and 13
“move” rostrally.

The morphospace delimited by the first two RW axes in dorsal view (Fig. 11.3)
displays separation between “prosauropods” and sauropods across RW1, with
Shunosaurus intermediate between the two. The diplodocoids (Diplodocus and
Nigersaurus) are distinguished from all other sauropodomorphs, with an elongate
snout and a retracted external nares (bony hole for the soft tissue of the nostrils and
olfactory senses).

The first two RW axes in dorsal view were deemed significant as they accounted
for 72.6 percent cumulatively of the variation about the mean shape (Fig. 11.4).
Moving across RW axis one, from negative to positive, landmark 3 (premaxilla-
maxilla suture along lateral margin) advances rostrally. Landmarks 2 (posterior-

Fig. 11.4 Relative warps dorsal view cranial morphology morphospace delimited by the first two
axes
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most point of premaxilla along the midline), 4 (nasal-frontal suture along the mid-
line) 6 (prefrontal-nasal-frontal suture), 8 (anterior-most point of the nasal along the
midline) and 9 (prefrontal-frontal suture) all “move” caudally. The second RW axis
subsumes skull narrowing and lengthening, in addition to narrowing of the premax-
illae and the shortening of the nasals. Moving from negative to positive across the
axis, landmarks 1 (anterior-most point of the premaxilla along the midline), 4, 5
(frontal-parietal suture along the midline), 6 and 9 are in a rostral position; whereas
landmarks 2 and 8 are in a caudal position, and landmarks 3 and 9 “move” in to a
medial position. Landmark 7 (posterior-most point of the parietal along the midline)
does not alter position in either RW axes.

The morphospace delimited by the first two RW axes in dorsal view (Fig. 11.4)
displays separation between “prosauropods” and sauropods across RW1 and
RW2, with Shunosaurus intermediate between the two. Unlike the lateral view
morphospace, the diplodocoids (Diplodocus and Nigersaurus) are not united as
Nigersaurus has a laterally expanded snout. Europasaurus (the only known case of
insular dwarfism within Sauropoda) is the only sauropod with negative RW1 values.

Comparing the distributions of “prosauropods” and sauropods morphospace
occupation in both lateral and dorsal view achieved statistical significance
(Table 11.2), meaning they occupied significantly distinct regions of morphospace.

Table 11.2 Results from NPMANOVA comparisons of group morphospace distributions from
the RW scores. All results based upon 50,000 permutations. The significant p-values are in
bold

“View” Comparison F-value P-value

Cranium dorsal “Prosauropod” Sauropod 4199 0.0013
Cranium lateral “Prosauropod” Sauropod 11.93 0.0006

All disparity metrics show that sauropods are more disparate in terms of volume
of morphospace occupation; however the very small sample size (“prosauropod”
n = 5, sauropod n = 8) of this analysis severally limits the rarefaction profiles
(Fig. 11.5). As the 95% confidence intervals consistently overlapped, statistically
significance could not be achieved.

The fit between craniofacial form and phylogeny was found to be statistically
significant for both dorsal and lateral view (Table 11.3). However, the correlations
themselves were not significant for either view (the highest R2being 0.55).

Discussion

This study was primarily concerned with using a measure of morphological vari-
ation in order to quantify craniofacial macroevolutionary trends. Relative Warp
Analysis was used to measure the variation in skull geometry as the deviation from a
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Fig. 11.5 Rarefaction profiles for all four disparity metrics (sum and product of ranges and vari-
ances) for “prosauropods” (in grey) vs sauropods (black). The profiles for the skull dorsal view
(a–d) and lateral view (e–h) are shown with the mean value and 95% confidence intervals as three
separate lines

mean shape of the landmark positions. Herein, geometric morphometric techniques
delineated “prosauropods” and sauropods in morphospace, although small sample
size meant that quantifying volume of morphospace occupation (disparity metrics)
failed.
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Table 11.3 Correlation results from the Mantel’s test of the Procrustes and phylogenetic distances.
All results based upon 5,000 permutations. The significant p-values are in bold

“View” R2 P-value

Cranium dorsal 0.35 0.01
Cranium lateral 0.55 <0.01

Relative warps morphospaces for both lateral and dorsal view of the cra-
nium could distinguish clades within Sauropodomorpha. The separation between
“prosauropods” and sauropods can be distinguished in their cranial morphology.
The prosauropods have lower, more tapered snouts, narrowing towards the tip,
whereas sauropods have taller skulls with more robust snouts. The dorsal view
shows this varied design, with a clear distinction of “prosauropods”, but a large
degree of variation within Sauropoda. The basal sauropods (Shunosaurus and
Mamenchisaurus) have a similarly slender appearance, whereas the neosauropods
(all taxa more derived than those two, see Fig. 11.1) exhibit a broadening in the
snout, resulting in a generally even width from posterior to anterior end of the skull.

The comparatively small morphospace occupied by the “prosauropods” provides
very tentative support for the hypothesis that they were more conservative in cran-
iofacial form (and presumably function) and that the sauropods were much more
diverse, as shown by their greater morphospace occupation.

With the exception of the dorsal view, diplodocoids are significantly separated in
morphospace from all other sauropodomorphs. This is due to their distinct cranio-
facial form (e.g. elongate snout, retracted external nares), which is possibly related
to the feeding strategies hypothesised for this clade (branch stripping and precision
biting; Barrett and Upchurch 1994, 2007; Calvo 1994).

Although broad trends within sauropodomorph craniofacial evolution can be dis-
cerned, the low correlation between form and phylogeny suggests that phylogenetic
inertia has a limited impact upon craniofacial form. This refers to the notion that
constraints imposed by phylogenetic history could potentially refrain the skull from
reaching its functional optimal.

Conclusions

Geometric morphometrics analyses of skull landmark configurations (lateral and
dorsal view) were able to delineate sauropods from “prosauropods”. Both views
demonstrate that sauropodomorphs became more divergent in terms of cranio-
facial form throughout the Mesozoic, most especially the sauropods. A clear
evolutionary trend towards cranial robustness in sauropods is supported by mor-
phometrics, which also supports the general craniofacial conservativeness of the
“prosauropods”. Evaluating statistical significance of the distribution and dispar-
ity for sauropods and “prosauropods” demonstrate that sauropods occupy a distinct
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region of morphospace, and have greater dispersal within morphospace. In addi-
tion, there is a statistically significant correlation between craniofacial form and
phylogeny; however the correlations themselves are not highly significant.

Although this macroevolutionary study has begun the quantitative elucidation
of sauropodomorph evolution, the key problem to our continuing understand-
ing of sauropodomorph craniofacial evolution is the scarcity of well-preserved
skulls. Recent studies have shown not only the unrealised cranial diversity of
sauropodomorphs (e.g. Sereno et al. 2007), but tooth-crown gross morphology is
also highly diverse (e.g. Upchurch and Barrett 2000) and that osteological correlates
for structures like a fleshy cheek are known for “prosauropods” and early sauropods
(Barrett and Upchurch 2007). Clearly, there are many more exciting discoveries to
be made.

Acknowledgments We would like to thank N. Knötschke (Dino-Park, Germany) for providing
generous access to the specimens in his care. For discussion etc we would like to thank P.M. Barrett
(Natural History Museum, London); M. Ruta, E.J. Rayfield, M. Sakamoto and P.S.L. Anderson
(University of Bristol); P. Upchurch (University College London); and M. Wills (University of
Bath) for use of copies of his disparity programs. MTY is funded by the Natural Environment
Research Council (grant NER/S/A/2006/14058) and the Natural History Museum, London. This
analysis is derived from a study that was in partial fulfilment of an MSc at University of Bristol by
MDL.

References

Anderson MJ. (2001) A new method for non-parametric multivariate analysis of variance. Austral
Ecology 26: 32–46.

Barrett PM, Upchurch P. (1994) Feeding mechanisms of Diplodocus. Gaia 10: 195–203.
Barrett PM, Upchurch P. (2007) The evolution of feeding mechanisms in early sauropodomorph

dinosaurs. In: Barrett PM, Batten DJ (Eds.) Evolution and paleobiology of early sauropo-
domorph dinosaurs. Special Papers in Palaeontology 77: 91–112.

Calvo JO. (1994) Jaw mechanics in sauropod dinosaurs. Gaia 10: 183–193.
Cavalcanti MJ. (2004) Geometric morphometric analysis of head shape variation in four species of

hammerhead sharks (Carcharhiniformes: Sphyrnidae). In: Elewa AMT. (Ed.) Morphometrics:
applications in biology and paleontology. Springer-Verlag, Heidelberg: 97–114.

Hammer Ø, Harper DAT, Ryan PD. (2001) PAST: Palaeontological Statistics software package for
education and data analysis. Palaeontologia Electronica 4(1): 9.

Henderson DM. (1998) Skull and tooth morphology as indicators of niche partitioning in sympatric
Morrison Formation theropods. In: Perez-Moreno BP, Holtz T, Sanz JL, Moratalla J, (Eds.)
Aspects of theropod palaeobiology. Gaia 15: 219–226.

Larvan MD. (2007) A combined geometric morphometrics and finite element analysis approach
to comparative cranial mechanics of sauropodomorph dinosaurs. Unpublished MSc thesis,
University of Bristol.

Rasband W. (2007) Image J v. 1.36b, freeware available from http://rsb.info.nih.gov/ij/
Rohlf FJ. (1993) Relative warp analysis and an example of its application to mosquito wings. In:

Marcus LF, Valdecasas A, Bello E. (Eds.) Contributions to morphometrics. Madrid Museum of
Natural History, Madrid, Spain: 131–159.

Rohlf FJ. (2003) tpsSmall v.1.20, freeware available from http://life.bio.sunysb.edu/morph/
Rohlf FJ. (2005) tpsRelw v. 1.42, freeware available from http://life.bio.sunysb.edu/morph/
Sander PM. (2000) Longbone histology of the Tendaguru Sauropods: implications for growth and

biology. Paleobiology 26: 466–488.



11 Macroevolutionary Trends in the Skull of Sauropodomorph Dinosaurs 269

Sereno PC, Wilson JA, Witmer LM, Whitlock JA, Maga A, Ide O, Rowe TA. (2007) Structural
extremes in a Cretaceous dinosaur. PLoS ONE 11: e1230.

Stayton CT, Ruta M. (2006) Geometric morphometrics of the skull roof of stereospondyls
(Amphibia: Temnospondyli). Palaeontology 49(2): 307–337.

Upchurch P, Barrett PM. (2000) The evolution of sauropod feeding mechanisms. In: Sues H-D.
(Eds.) Evolution of herbivory in terrestrial vertebrates: perspectives from the fossil record.
Cambridge University Press, Cambridge: 79–122.

Upchurch P, Barrett PM. (2005) Phylogenetic and taxic perspectives on sauropod diversity. In:
Rogers KC, Wilson JA (Eds.) The sauropods: evolution and paleobiology. University of
California Press, Berkeley: 104–124.

Upchurch P, Barrett PM, Xijin Z, Xing X. (2007) A re-evaluation of Chinshakiangosaurus
chunghoensis Ye vide Dong 1992 (Dinosauria, Sauropodomorpha): implications for cranial
evolution in basal sauropod dinosaurs. Geological Magazine 144(2): 247–262.

Wills MA. (1998) Crustacean disparity through the Phanerozoic: comparing morphological and
stratigraphic data. Biological Journal of the Linnean Society 65: 455–500.

Wills MA, Briggs DEG, Fortey RA. (1994) Disparity as an evolutionary index: a comparison of
Cambrian and Recent arthropods. Paleobiology 20: 93–131.

Yates AM. (2003) A new species of the primitive dinosaur Thecodontosaurus (Saurischia:
Sauropodomorpha) and its implications for the systematics of early dinosaurs. Journal of
Systematic Palaeontology 1: 1–42.

Yates AM. (2007) The first complete skull of the Triassic dinosaur Melanorosaurus Haughton
(Sauropodomorpha: Anchisauria). In: Barrett PM, Batten, DJ. (Eds.) Evolution and paleobiol-
ogy of early sauropodomorph dinosaurs. Special Papers in Palaeontology 77: 9–55.

Yates AM, Kitching JW. (2003) The earliest known sauropod dinosaur and the first steps towards
sauropod locomotion. Proceedings of the Royal Society of London B 270: 1753–1758.


	11 Macroevolutionary Trends in the Skull of Sauropodomorph Dinosaurs  The Largest Terrestrial Animals to Have Ever Lived
	 Idea and Aims
	 Introduction
	 Materials and Methods
	 Analyses
	 Discussion
	 Conclusions
	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
  /CreateJDFFile false
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




