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AVIAN FLIGHT AND STABILITY

Walter J. Bock
Department of Biological Sciences, Columbia University; wb4@columbia.edu

The discovery of the fossil genus Microraptor in China with elongated
flight feathers attached to its hind legs led to considerable analysis of
its flying ability and much speculation on for adaptive significance of
this tetrapteryx pattern (W. Beebe). The pelvic wings definitely provi-
ded additional lift in these early birds, but their essential function and
adaptiveness appears to be placing the center of lift posterior to the cen-
ter of mass in these first flying birds for proper longitudinal stability.
Once large pectoral flight muscles evolved in connection with flapping
flight, the pelvic wings and the elongated tail were no longer needed for
longitudinal stability with the results that the pelvic wings disappeared and
the Archaeopteryx-like tail could be shortened with all of the tail feathers
attaching to the plate-like pygostyle. Hence strong support is provided for
Beebe’s tetrapteryx hypothesis as well as for the theory that the origin of
avian flight was from the trees down, not from the ground up.

MOJIET U CTABUJIBHOCTD Y nTul
Yoarep T:x. bok

Otkpeitue B Kurae nckomaemoro poga Microraptor ¢ yaimHEHHBIME
MaXOBBIMH MIEPhSIMHU HA 3aJTHUX KOHCYHOCTSAX IMOOYIWIO K IETaThHOMY
HCCIIECIOBAHUIO CITIOCOOHOCTH K TMONETY W MAacIITaOHBIM PacCyKICHUSIM
o terpanreproctd (V. Bub). V 9THX paHHHX NMTHI[ 3aHHE KPBLIbsS HECO-
MHEHHO J100aBISUTH MTOXBEMHYIO CHITY, OTHAKO MX OCHOBHAs (QYHKIHS U
MIPUCTIOCOOUTENHHOE 3HAYCHNE COCTOSIIM B Pa3MEIICHNUHU IIEHTPa MOIb-
EMHOH CHJIBI B IIEHTPE MAacC TeJa MTHUIIBI 1T 00eCTIedeHNsT HYKHOH Tpo-
JIOTLHOM YCTOMUMBOCTH. [1pH MOSBIECHUH YBEIWYSHHBIX TPYIHBIX MBIIII]
B CBS3U C Pa3BUTHUEM MalIyIIETO MOJIETA 3aIHUE KPbUIbs U YIJIUHEHHBIN
XBOCT OKa3aJlMCh HEHY)XKHBIMH, B pe3yibsrare xBocT Archaeopteryx-tuma
CMOT' YKOPOTHUTBCS, & €r0 MEPbhs MPUKPETUTHCS K HEOOIBIIOMY TTHIOCTH-
0. DTa cXeMa CIYXKUT BaKHBIM MOJITBEPKIACHUEM TPETpaNTEpHOM I'u-
more3bl bruba, a Takke TUImOTe3bl MPOUCXOKICHHS TTOJIETA MITHI[ KCBEPXY
BHU3» (C JIEPEBHEB HA 3EMITI0), & HE «CHU3Y BBEpX» (C 3eMJIM HA JIEPEBO).

© W.J. Bock, 2016.
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Discovery of the Mesozoic fossil bird,
Microraptor (Zu et al., 2000, 2003; Wikipe-
dia, 2015a) provided the first clear indication
that early birds possessed flight feathers on
the hind limb. Subsequent work suggested
most strongly that Archaeopteryx also pos-
sessed such flight feathers which may have
been unknowingly removed during the early
preparation of these specimens. Almost a
century earlier (Beebe, 1915) based on ob-
servations of the development of feathers on
the hind limb of pigeons and interpretation
of full-sized photographs of the Berlin speci-
men of Archaeopteryx concluded that this
earliest-known fossil bird possessed flight
feathers on the hind limbs. He concluded
that birds has an initial tetrapteryx stage in
their evolution. To my knowledge, Beebe
did not pursue this idea further and while
his paper was known to many workers, no
further thought was given to the possibility
of a four-winged condition in early avian
evolution until 2000 and the discovery of Mi-
croraptor. Subsequent observations strongly
suggest that Archaeopteryx possessed flight
feathers on its hind limbs (Feduccia, 2012, p.
68). Several additional, excellent specimens
of Microraptor were discovered and a few
other early avian taxa, such as Anchiornis
as well as Pedopenna and an unnamed basal
enantiornithine, have been described (Feduc-
cia, 2012).

1. Why four wings

As soon as the four winged structure in
Microraptor was described, a number of or-
nithologists, paleontologists and morpholo-
gists inquired into the functional and adap-
tational explanations for this newly realized
flight structure in these early birds. In his
early paper, Beebe made no attempt to pro-
vide these explanations which was not sur-
prising because powered airplanes were in
their infancy and knowledge of aerodynamic

engineering has scarcely trickled down to bi-
ologists interested in avian flight.

Attention to the functional properties of
the four wings as present in Microraptor was
almost completely limited to the added lift
provided by the hind limb wings in compari-
son to the early biplanes as were common up
into the 1930’s. Several groups constructed
models of the four-winged Microraptor and
tested them in wind tunnels (Alexander et al.,
2010; Feduccia, 2012). A difficult problem
was the orientation of the hind limbs relative
to the body and of the several segments of
the limb relative to each other. These prob-
lems resulted from an incomplete knowledge
of the articular surfaces and the absence of
any knowledge of the articular ligaments of
the hip joint and of the several segments of
the hind limb. The articular ligaments have
the major role in determining the type and
range of movement of skeletal elements at
their articulations. The model constructed
by Alexander et al. (2010) preformed well
(see also Rubin, 2010; Feduccia, 2012) and
demonstrated that the elongated feathers on
the hind limb could provide lift. The Alexan-
der’s model and one constructed by a group
at the American Museum of Natural History
were featured in a Nova television program
in the United States (Feduccia, 2012; | have
not watched this Nova program). And several
other groups discussed the ability of Micro-
raptor to use the hind limb wing to move
through the air (Chatterjee, Templin, 2007;
see also Feduccia, 2012). Two important
factors that was not mentioned about these
models were the distribution of mass in these
models and whether this distribution was rea-
sonably related to the presumed distribution
of mass of Microraptor.

The conclusion of the tests of the flying
ability of the model, especially that of the
Kansas group (Alexander et al., 2010), was
that it flew well. Its performance in the wind
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tunnel tests was superior to its rival and the
MIT aerodynamic engineers were enthusias-
tic about it, saying that it “climbed steadily
and more predictably than anything they had
seen so far” (Feduccia, 2012, p. 183).

These tests, as well as the conclusions
reached by other workers on the function of
the four wings of Microraptor, demonstrated
that this configuration of wings resembling
that of an avian biplane worked perfectly
well in producing lift. To my knowledge, no
comparisons were made between the four-
winged model and a similar two-winged
model lacking only the ventro-posterior set
of wings on the hind limbs.

Moreover none of these analyses and dis-
cussions of the functional properties of the
four-winged configuration seen in Microrap-
tor and presumably present in Archaeopteryx
and other early birds such as Archiornis,
Cryptovolans, and possibly Sinornithosaurus
(Feduccia, 2012). No ideas were presented as
to the functional and adaptive significances
of the second wing in these early birds and
why the second wing disappeared quickly in
the further evolution of birds? Is there any
foundation to the strong suggestion by Beebe
(1915) that a tetrapteryx stage existed and
even had to exist in the evolution of flight in
the earliest steps in avian evolution of birds?

Before turning to what seems to be the so-
lution to these two questions, mention should
be made to the tail of these early birds as well
documented by the tail processed by Archae-
opteryx and known ever since this basal bird
was described in the early years of the 1860s.
As is well known to anyone concerned with
the origin of birds, the tail of Archaeopteryx
consists of a long series of caudal vertebrae
with a pair of stiff feathers attached to the
lateral side of each vertebrae. This is strik-
ingly different from the tail of later birds in
which the caudal vertebrae are fused into a
plate-like pygostyle to which all of the tail

feathers (remiges) attach. Most studies of the
tail in avian flight have concentrated on other
functions, such as steering, directing the flow
of air after it passes the wing, and etc. but
this does have a role in providing some lift,
especially at very low speeds (Pennycuick,
1975, 2008), although not in all birds. The
lift provided by the avian tail was measured
experimentally in Sturnus vulgaris (Maybury
etal., 2001). In Archaeopteryx and other ba-
sal birds, the tail seems to function mainly,
or entirely, to provide additional lift during
flight; it appears poorly suited to assist steer-
ing during flight.

2. Stability

Solutions exist to the two questions posed
above and indeed well before the flight feath-
ers were discovered on the hind legs of Mi-
croraptor and other very early birds. This
solution is based on the concept of stability
as applied to flying objects such as airplanes
and animals. Stability, or stable equilibrium,
is a property of objects in which the object
will return to its original position after being
acted upon by an external force. Objects on
a flat, horizontal plane are stabile until their
center of gravity moves outside of its base
(Wikipedia, 2015b). Stability increases if
the base of the object becomes broader or
if the center of gravity is closer to its base.
Unstable objects will continue to move fur-
ther from their original position if acted on
by an external force. A come standing on its
base if stabile, but is unstable if standing on
its pointed tip.

Stability also applies to flying objects of
which the important type for this analysis
is longitudinal stability (Wikipedia, 2009,
2015b) which is stability around the lon-
gitudinal axis of the airplane. Longitudinal
stability depends on the position of the center
of mass relative to the center of lift. If the
center of mass lies behind the center of lift,
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the flying object is unstable; if the center of
mass is too far in front of the center of lift,
the flying object is too nose heavy. Hence
the position of these two centers has to be
located carefully to insure the proper degree
of longitudinal stability. Various treatments
of avian flight mention stability of the bird
in flight but do not specify how the avian
construction results or does not result in lon-
gitudinal stability.

Peters and Gutmann (1985, fig. 4, p. 238)
clearly emphasize that for stabile flight, es-
pecially in the initial gliding stage in the
evolution of avian flight, a large feathered
tail was needed to provide lift in addition to
that provided by the wings. They excluded
consideration of lifting planes formed flight
feathers on the hind limbs because their
analysis was well before the discovery of
Microraptor. They pointed out that in these
earliest, gliding birds, the largest mass of
muscles were concentrated in the hind limbs
(see also Bock, 2013) which would result in
the center of gravity (= center of mass) be-
ing located posterior to the center of lift if
the only lift was generated by the airfoils of
the forelimb (= avian wings).

Archaeopteryx, and almost certainly Mi-
croraptor and other early birds, had well
developed wings but small pectoral flight
muscles. They were gliders, climbing up
trees and gliding to other trees and back to the
ground. Their pelvic limb musculature was
well developed. Consequently their center
of mass was much further posterior than in
later birds which possessed large flight mus-
cles in their pectoral region. The result of
being gliding fliers with their center of mass
located further posterior in their body meant
that these earliest birds were longitudinally
stabile. The hind limb wings added to the
lift generated by the tail and positioned the
center of lift posterior to the center of mass
and restored the longitudinal stability in

these animals which was essential for suc-
cessful gliding.

With the development of active flapping
flight made possible by the great increase in
the size of the pectoral muscles, the center
of mass of birds shifted forward and lay an-
terior to the center of lift of the wings. The
lift of the hind limb wings was not needed
nor was the lift of the Archaeopteryx-like tail.
Hence two further changes could occur in
avian evolution. The hind limb wings could
be lost as these secondary wings were awk-
ward and interfered with the use of the hind
limbs for terrestrial locomotion. The elongat-
ed Archaeopteryx-like tail could evolve into
the typical avian tail with the decrease in the
number of caudal vertebrae and the subse-
quent fusion of these vertebrae into the plate-
like pygostyle to which all of the tail feathers
attached. This allowed the evolution of a tail
that was suitable for the different functions
and biological roles possessed by the tail in
modern birds but would not have been pos-
sible in the elongated Archaeopteryx-like tail
such as greater steering, additional control
of the air flow from the wings, etc. (Penny-
cuick, 1975, 2008; Norberg, 1990; Maybury
etal., 2001).

Most interesting is that Beebe (1915)
proved to be completely correct in his proph-
ecy that a tetrapteryx stage existed in the
early evolution of birds.

3. Evolutionary steps in avian flight

After his detailed redescription of the
London specimen of Archaeopteryx (De
Beer, 1954a), De Beer formulated the impor-
tant concept of mosaic evolution (de Beer,
1954b) in which he argued that evolutionary
changes occur in a series of steps that must
be understood in the sequence in which they
took place. The evolution of avian flight cer-
tainly illustrates the pattern of mosaic evolu-
tion as follows:
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1) Evolution of feathers, orientation in
a three dimensional world for a partial life
within trees.

2) Flattened and spread-out body to pro-
vide a maximum surface area for parachut-
ing from trees.

3) Development of greater surface area
with longer feathers on both limbs and on
the elongated tail for better parachuting and
then gliding a greater distance when descend-
ing from trees.

4) Aerodynamic surfaces of the hind
limbs (Beebe’s tetrapteryx stage; Archae-
opteryx stage) and tail to place the center of
lift posterior to the center of mass for lon-
gitudinal stability and better flying abilities,
both gliding and later active flapping flight.

5) Development of larger pectoral mus-
cles and a stronger pectoral girdle for flap-
ping flight (post-Archaeopteryx stage) plac-
ing the center of mass anterior to the center
of lift provided by the pectoral wings.

6) Loss of the pelvic wings, no longer
needed, and shorting the caudal vertebrae
which fused into the pygostyle for the at-
tachment of all tail feathers.

This pattern of evolutionary changes
in the origin and perfection of avian flight
is consistent with the fossil record and the
theory that birds flew from the trees down
and not from the ground up.

References

Alexander D.E. 2002. Nature’s flyers. Birds, in-
sects and the biomechanics of flight. Balti-
more & London: The Johns Hopkins Uni-
versity Press. 384 p.

Alexander D.E., E. Gong L.D. Martin D.A. et
al. 2010. Model tests of gliding with diffe-
rent hindwing configurations in the four-
winged dromaeosaurid Microraptor gui. —
Proceedings of the National Academy of
Sciences of the United States of America,
107 (7): 2972-2976.

Beebe C.W. 1915. A tetrapteryx stage in the an-
cestry of birds. — Zoologica, 2 (2): 39-52.

Bock W.J. 2013. The furcula and the evolution
of avian flight. — Paleontological Journal,
47 (11): 1236-1244.

Bock W.J. 2015. Review of: Riddle of the Feath-
ered Dragons, by Alan Feduccia. — The Wil-
son Journal of Ornithology, 127. In Press.

Bock W.J., Blhler P. 1995. Origin of birds: Fea-
thers, flight and homoiothermy. — Archae-
opteryx, 13: 5-13.

Chatterjee S., Templin R.J. 2007. Biplane wing
planform and flight performance of the fea-
thered dinosaur Microraptor gui. — Pro-
ceedings of the National Academy of Sci-
ences of the United States of America, 104
(5): 1576-1580.

de Beer G.R. 1954a. Archaeopteryx lithograph-
ica. A study based on the British Museum
specimen. London: British Museum (Natu-
ral History). 68 p.

de Beer G.R. 1954h. Archaeopteryx and evo-
lution. — The Advancement of Science. D.
Zoology, 11: 160-170.

Feduccia A. 2012. Riddle of the feathered drag-
ons. Hidden birds of China. New Haven: Yale
University Press. 368 p.

Maybury W.J., Rayner J.MV,, Couldrick L.B.
2001. Lift generation by the avian tail. —
Proceedings of the Royal Society, London,
ser. B, 268: 1443-1448.

Maynard Smith, J. 1952. The importance of the
nervous system in the evolution of animal
flight. — Evolution, 6 (1): 127-129.

Norberg U.M. 1990. Vertebrate flight: Mechan-
ics, physiology, morphology, ecology, and
evolution. Berlin: Springer Verlag. 291 p.

Pennycuick, C. J., 1975. Mechanics of flight. —
Farner D.S., King J.R. (eds). Avian biology,
Vol. V. New York: Academic Press. P. 1-75.

Pennycuick C.J. (ed.). 2008. Modelling the fly-
ing bird. Theoretical Ecology Series, Vol. 5.
Burlington: Academic Press. 480 p,

Peters S.D., Gutmann W. 1985. Constructional
and functional preconditions for the transi-
tion to powered flight in vertebrates. —
Hecht M.K., Ostrom J.H., Viohl G., Well-
nhofer P. (eds). The beginnings of birds.
Proceedings of the International Archae-



Avian flight and stability

355

opteryx Conference. Eichstétt: Jura Muse-
um. P. 233-242.

Rayner J.M.V. 2001. On the origin and evolu-
tion of flapping flight aerodynamics in
birds. — Gauthier J., Gall L.F. (eds). New
perspectives on the origin and early evolu-
tion of birds. New Haven: Peabody Museum
Natural History. P. 363-385.

Rubin J. 2010. Paleobiology, arcade games, and
the origins of avian flight. — Proceedings
of the National Academy of Sciences of the
United States of America, 107 (7): 2733-
2734.

Wikipedia. 2009. Longitudinal static stability.
— https:/fen.wikipedia.org/wiki/Longitu-
dinal_static_stability.

Wikipedia. 2015a. Microraptor. — https://en.wi
kipedia.org/wiki/Microraptor# References.

Wikipedia, 2015b. Flight dynamics. — https:/
en.wikipedia.org/wiki/Flight_dynamics.

Xu X., Zhou Z., Wang X. 2000. The smallest
known non-avian theropod dinosaur. — Na-
ture, 408: 705-708.

Xu X., Zhou Z., Wang X. et al. 2003. Four-
winged dinosaurs from China. — Nature,
421: 335-400.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /RUS <>
  >>
  /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


