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The wing morphology of bats is very diverse, and may correlate with energetic,
behavioural, and ecological demands. If these demands conflict, wing shape may reflect
compromise solutions. In this study, we compared the wing morphology of two bats,
Tadarida brasiliensis (Geoffroy, 1824) and Myotis chiloensis (Waterhouse, 1828), that
differ in body size, habitat, and foraging behaviour. We analyzed features of bio-
mechanical and energetic relevance, and sought evidence of compromise solutions to
energetic, ecological, and behavioural demands. We found that wing span of both
species conformed to expectations based on allometric relationships, but that although
the wing area of M. chiloensis did not differ from predictions, the wing area of
T. brasiliensis was lower. M. chiloensis possessed an unusually low second moment of
area of the humerus. Wing form of M. chiloensis is consistent with highly maneuverable
flight needed to live between shrubs and wooded habitats, and its low aspect ratio and
low wing loading indicate a high energetic cost and a low flight speed, respectively. The
low humeral second moment of area may be related to a reduction of wing mass and
may result in decreased inertial power. In contrast, T. brasiliensis showed high aspect
ratio and wing loading, characteristic of high speed, energetically economic flight.
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Introduction

The wing shape of flying vertebrates influences both the energetic costs of flight

and ecological and behavioural aspects, such as flight pattern, foraging behaviour,

habitat selection, and size of food items (Norberg 1987). As flight is an expensive

mode of locomotion (Norberg 1994), there should be strong selection for reduction

of flight costs, favoring specific wing shapes. The wing morphology of bats is very

diverse, and may be correlated to energetic, behavioural and ecological constraints

(Norberg 1987, 1994). This may mean that energetics per se is not the only critical

design parameter for wing, and that lifestyle, behaviour, and habitat demands may
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be relevant. If these demands conflict, wing shape may reflect functional com-

promises. For example, bats that live in dense vegetation need to be highly

maneuverable and to fly at low speed. These requirements are facilitated by a low

wing loading. If the energetic costs of flight are relevant to the survival and

reproduction of the bats, we expect to find narrow wings that minimize the work

needed to fly by minimizing the power to generate lift and thrust (Rayner 1979,

Norberg 1987). However, these ecological and energetical demands are not com-

patible. A bat with narrow wings will have small wing areas and thus high wing

loading unless their wings are also long. Energetic demands predict bats will

possess narrow wings, and habitat constraints predicts low wing loading and hence

bats with large wing span, but large wings are very impractical in cluttered areas.

The wide spectrum of wing forms of bats, from short and wide to long and

narrow, have been related to flight patterns and foraging behaviour (Findley et al.

1972, Kopka 1973, Lawlor 1973, Norberg 1981, Baaggøe 1987, Norberg 1987, 1994,

1996, Norberg and Rayner 1987, De la Cueva et al. 1995, Spear and Ainley 1997,

Webb et al. 1998, Norberg et al. 2000). In this study, we compared the wing

morphology of two Chilean bats that differ in body size, habitat, and foraging

behaviour. We analyzed differences between these species from an energetic

perspective based on aerodynamic theory, and looked for evidence of compromise

solutions to divergent energetic, ecological, and behavioural demands.

Material and methods

We compared the molossid Tadarida brasiliensis (Geoffroy, 1824) (body mass mb = 11.95 ± 0.32

(SE) g, n = 27) and the vespertilionid Myotis chiloensis (Waterhouse, 1828) (mb = 6.76 ± 0.09 g,

n = 59) caught in Santiago, Chile, and donated to us by Servicio Metropolitano de Salud del Medio

Ambiente (SESMA). In this region, T. brasiliensis commonly colonizes urban buildings (Gantz and

Martínez 2000) and its diet consists mostly of small moths and beetles caught in open areas while

flying (Nowak 1999, Gantz and Martínez 2000). M. chiloensis, an endemic species, has the most

southerly distribution of all bat species, and usually lives in thickets, near watercourses, and oc-

casionally colonizes human dwellings (Nowak 1999). It feeds primarily on nematoceran dipterans

(Gantz and Martínez 2000).

Wing span (B = the distance between the wing tips) was measured directly with calipers (± 0.1

mm) from individuals with outstretched wings. Great care was taken to keep the leading edges of the

arm wings and parts of the hand wing along a straight line. Wing area (S = area of body between the

wings and tail membrane) was estimated following Norberg (1994) by fully extending the right wing

and the trailing edge of uropatagium aligned with the midline of the body, tracing the wing outline

onto white paper and weighing it in an analytical balance (± 0.1 mg). Marks were made on paper to

identify three wing zones: (1) propatagium (membrane that run from the shoulder to the wrist and is

the leading edge of the wing), (2) dactylo- plus plagiopatagium (membrane spanning digits 2–5 plus

membrane including area from 5th digit to body, respectively), and (3) uropatagium (membrane

between hind limbs).

External diameter (Dh) and medullar cavity diameter (dh) were measured from radiographs of the

wing (Fig. 1). Diameters were measured at midshaft. A distance focus-film of 1 m was used to avoid

size distortion of actual bone dimensions. From these measurements, several parameters were com-

puted: aspect ratio AR = B
2
/S, wing loading Pw = mb g/S (g = gravitational acceleration), and second

moment of area of the humerus at midshaft Ih = � (Dh
4 

– dh
4
)/64, a measure of the amount and

geometrical distribution of material in a beam cross-section and thus a measure of resistance to
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bending (Wainwright et al. 1982, Biknevicius 1993). Means for the two species were compared with a

Student’s t-test for unpaired samples. Wing span, wing area, and humeral second moment of area were 

compared with values predicted from body mass by allometric equations (Kirkpatrick 1994). One-sample

Student’s t-tests were performed to test deviations from the allometric predictions by computing the

ratio R = observed/expected and testing H0: R = 1 vs H1: R � 1.

Results

The body mass of Tadarida brasiliensis (Tb) was nearly double that of Myotis

chiloensis (Mc) (Table 1). Both species showed wingspans within allometric

predictions (Tb: t = –0.7, df = 26, p > 0.05; Mc: t = –1.7, df = 38, p > 0.05) (Fig. 2a).

Wing area of M. chiloensis was within the predicted range (t = 0.4, df = 46,

p > 0.05), in contrast to the significantly lower wing area of T. brasiliensis

Comparative wing morphology of Chilean bats 195

Fig. 1. Scheme of bat arm indicating the measurements used to acquire cross-sectional data of

midshaft humerus. Dh – external diameter of humerus, dh – internal diameter of humerus.

Table 1. Mean values and 95% confidence interval (CI) of body mass, wing shape and strength

parameters measured in Tadarida brasiliensis and Myotis chiloensis captured in central Chile. See

text for description of parameters.

Parameter

Tadarida brasiliensis Myotis chiloensis

n Mean ± 95% CI n Mean ± 95% CI

Body mass (g) 27 11.95 ± 0.62 49 6.76 ± 0.18

Wing  area (cm
2
) 24 100.14 ± 4.61  47 98.29 ± 3.47  

Wing span (cm) 27 28.65 ± 0.63 39 2.70 ± 0.39

Second moment of area (� 10
–6

) (cm
4
) 18 11.15 ± 2.61 43 3.89 ± 0.49

Wing loading (N/m
2
) 24 11.56 ± 0.66 47 6.80 ± 0.23

Aspect ratio 24   8.12 ± 0.16 37 5.76 ± 0.16
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Fig. 2. Relationships between observed values measured in this study and expected values obtained

from literature of (a) wing span (B), (b) wing area (S), and (c) second moment of area of humerus (Ih).

Bars correspond to 95% confidence interval. Expected values were calculated from Kirkpatrick’s (1994) 

equations: (a) B = 1.248 mb
0.33 

(r = 0.969), (b) S = 0.190 mb
0.59 

(r = 0.979), (c) Ih = 2.68 � 10
–11

 B
4.42

(r = 0.964).

Fig. 3. Ternary plot showing the percentage of propatagium, dactylo+plagiopatagium and uropatagium 

respect total patagium area of Tadarida brasiliensis (closed circles) and Myotis chiloensis (open

circles).
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(t = –15.6, df = 23, p <0.0001) (Fig. 2b). When we compare wing area in absolute

terms we observe no differences between these species (t = 0.617, df = 69, p > 0.5),

in spite of their differences in size. Analysis of proportion of different zones of

patagium respect to total patagium shows that whereas proportion of propatagium

area is similar in both species (t = –1.6, df = 61, p > 0.1), proportion of dactylo +

plagiopatagium in T. brasiliensis is 4.0% higher that of M. chiloensis (t = 6.7,

df = 61, p < 0.001). Conversely, the uropatagium is proportionately 46.5% higher

in M. chiloensis than in T. brasiliensis (t = –7.2, df = 61, p < 0.001) (Fig. 3). The

second moment of area of the humeral midshaft of T. brasiliensis did not differ

from the allometric prediction (t = 1.1, df = 17, p > 0.05), but that of M. chiloensis

was significantly lower than predicted (t = –3.6, df = 31, p < 0.01) (Fig. 2c).

Discussion

The body mass of the two study species differs by a factor of two. As a

consequence, flight mechanics and energetics also differ, because metabolism and

wing loading, for example, vary allometrically with body mass. The proportion of

patagium area varies among species; T. brasiliensis has a relatively larger

dactylo+plagiopatagium area and a strongly reduced proportion of uropatagium

compared with M. chiloensis. The large uropatagial area of M. chiloensis might

facilitate rapid changes of direction and effective use of the uropatagium to catch

insects in flight (Norberg 1994). On the other hand, this large membrane would

increase tail drag and therefore energetic costs of flight (Norberg 1995). Despite the 

large difference in mass, the absolute wing area differs by less than 2%. This is

because the wing area of M. chiloensis is close to that predicted allometrically and

the wing area of T. brasiliensis is far lower than expected based on body mass alone. 

As a consequence, the average wing loading is higher in T. brasiliensis (11.56 N/m
2
) 

than in M. chiloensis (6.80 N/m
2
). Aerodynamic theory indicates that minimum

speed needed to fly scales as (wing loading)
0.5

, and therefore, only bats with low

wing loading can fly slowly, while bats with high wing loading must fly at higher

minimum speeds (Norberg 1994). Average speeds between 6 m/s (Hayward and

Davis 1964) and 11.3 m/s (Svoboda and Choate 1987) have been attributed to T.

brasiliensis, near the highest recorded speeds for bats (Norberg 1987). Aspect ratio

can be interpreted as a measure of the aerodynamic efficiency of flight (Norberg

1994). Low total flight power is obtained with a high aspect ratio wing, by

decreasing profile power (power needed to overcome the form and friction drag of

wings) in fast flight and by decreasing induced power (power needed to generate lift 

and thrust) in slow flight (Norberg 1987, Rayner 1982). The relatively reduced wing 

area of T. brasiliensis is linked to a high aspect ratio (8.12). This wing design allows

fast and economical flight, and is consistent with the requirements of species that

fly long distances such as T. brasiliensis, which have been reported to feed up to 60

km from their nest sites and to migrate over 1000 km (Norberg 1994). In contrast,

M. chiloensis has a low wing loading, compared to that of other bats and a lower

Comparative wing morphology of Chilean bats 197



aspect ratio than T. brasiliensis. The wing configuration of M. chiloensis indicates

relatively more energetically expensive flight and lower minimum flight speeds

than in T. brasiliensis.

In active flight, the skeleton of the upper extremities of bats must support the

dynamic loads of flapping. The wing skeleton of bats is not aligned with the wing’s

center of pressure, therefore the main forces exerted on the humerus are torsional

(Swartz et al. 1992, Biewener and Dial 1995). The ability of a bone to resist

torsional forces is proportional to the polar second moment of area (J) of the bone’s

cross-section, which is twice the second moment of area (I) for a bone with a

circular cross-section (Swartz 1997). T. brasiliensis possesses humeri with second

moments of area typical of bats of its body mass, but, in contrast, second moments

of area in the humerus of M. chiloensis are low, suggesting poorer resistance to

bending and torsional forces. The ratio between the stress at which a structure will

fail to the maximum stresses imposed by vigorous activity is defined as the safety

factor of the structure. The safety factor of large bones in terrestrial and flying

vertebrates is typically 2 or higher (Biewener 1990, Kirkpatrick 1994), but bat wing 

bones have the lowest safety factors among extant vertebrates studied to date,

estimated at about 1.4 during hovering (Kirkpatrick 1994). They are therefore

susceptible to damage to the wing skeleton during flight, particularly during

hovering in which the wing beat frequency and mechanical demands are highest

(Rayner 1984). Although M. chiloensis belongs to a genus in which hovering is

common, as one might expect based on its low wing loading and small size (Norberg

1994), the low second moment of area of humerus might constrain this possibility.

On the other hand, the low aspect ratio and low wing loading indicate energetically

expensive and slow flight, respectively. As a consequence, induced and inertial

power (power needed to oscillate the wings) figure importantly in their flight

energy budgets (Rayner 1982). It has been observed that inertial power in

nectar-feeding bat, Glossophaga soricina, comprises around 55% of the total

mechanical power required during hovering (Norberg et al. 1993). Thus, a re-

duction of wing mass by means of a reduction of humeral mass might reduce

inertial power (Tholleson and Norberg 1991, Van den Berg and Rayner 1995). The

second moment of area of humerus is 18% lower than allometric expectations for

M. chiloensis. If the proportion between external diameter (Dh) and medullary

diameter (dh) remain unchanged, a reduction of second moment of area of this

magnitude would produce a reduction of 5% in humerus diameter, and therefore a

reduction of cortical cross-section area about 10%. If humeral length remains

constant and if cortical area decrement occurs homogeneously throughout bone,

the diminution of cortical area would result in a 10% reduction in humeral mass.

This reduction in wing mass and hence in wing moment of inertia, might be a way

to reduced energetic costs by reducing inertial power of M. chiloensis, which

possess a fragile energetic equilibrium characterized by alternating occurrence of

euthermic and torpor periods to allow a positive energy budget (Bozinovic et al.

1985). On the other hand, a reduction in wing mass that decreases wing moment of
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inertia may improve flight maneuverability (defined as minimum turning radius

the animal can attain) and agility (maximum roll acceleration during initiation of a

turn, a measure of ability to alter flight path) (Tholleson and Norberg 1991).

Maneuverability can be also increased by low body mass and low wing loading and

high agility can be obtained by low wing moment of inertia and large aerodynamic

torque (Tholleson and Norberg 1991). Bats at low flight speed increase aero-

dynamic torque by low aspect ratio (broad wings) and large wing span, although

torque also can be increased by increasing flight speed. Moreover, agility can be

improved in high speed bats through short wing span and high aspect ratio (narrow

wings). Thus, M. chiloensis shows a wing morphology (broad wings, low wing

loading and large uropatagial area) and biomechanical wing bone properties (low

second moment of area and hence low wing moment of inertia) consistent with the

highly maneuverable flight needed to live amongst shrubs in densely wooded

habitats. In contrast, T. brasiliensis is characterized by high aspect ratio and wing

loading, typical of fast and energetically inexpensive flight, needed for long distance 

flights.

Acknowledgements: We are grateful to M. Favi for providing the bats for this study, to M. Rosenmann
and two anonymous reviewers for suggestions to improve the manuscript. Financial support was
provided by the Fondo de Desarrollo Científico y Tecnológico (FONDECYT) 1000673 grant.

References

Baagøe H. J. 1987. The Scandinavian bat fauna: adaptative wing morphology and free flight in the

field. [In: Recent advances in the study of bats. M. B. Fenton, P. Racey and J. M. V. Rayner, eds].

Cambridge University Press, Cambridge: 57–75.

Biewener A. A. 1990. Biomechanics of mammalian terrestrial locomotion. Science 250: 1097–1103.

Biewener A. A. and Dial K. P. 1995. In vivo strain in the humerus of pigeons (Columba livia) during

flight. Journal of Morphology 225: 61–75.

Biknevicius A. R. 1993. Biomechanical scaling of limb bones and differential limb use in caviomorph

rodents. Journal of Mammalogy 74: 95–107.

Bozinovic F., Contreras L. C., Rosenmann M. and Torres-Mura J. C. 1985. Bioenergética de Myotis

chiloensis (Chiroptera: Vespertilionidae). Revista Chilena de Historia Natural 58: 39–45.

De la Cueva H., Fenton M. B., Hickey M. B. C. and Blake R. W. 1995. Energetic consequences of flight

speeds of foraging red and hoary bats (Lasiurus borealis and Lasiurus cinereus; Chiroptera:

Vespertilionidae). Journal of Experimental Biology 198: 2245–2251.

Findley J. S., Studier E. H. and Wilson D. E. 1972. Morphologic properties of bat wings. Journal of

Mammalogy 53: 429–444.

Gantz A. and Martínez D. R. 2000. Orden Chiroptera. [In: Mamíferos de Chile. A. Muñoz and J. Yáñez,

eds]. Cea Ediciones, Valdivia: 53–65.

Hayward B. and Davis R. 1964. Flight speeds in western bats. Journal of Mammalogy 45: 236–242.

Kirkpatrick S. J. 1994. Scale effects on the stresses and safety factors in the wing bones of birds and

bats. Journal of Experimental Biology 190: 195–215.

Kopka T. 1973. Beziehungen zwischen Flügelfläche und Körpergrösse bei Chiropteren. Zeitschrift für

Wissenschaftliche Zoologie 185: 235–284.

Lawlor T. E. 1973. Aerodynamic characteristics of some neotropical bats. Journal of Mammalogy 35:

103–104.

Comparative wing morphology of Chilean bats 199



Norberg R. Å. 1981. Optimal flight speeds in birds when feeding young. Journal of Animal Ecology 50:

473–477.

Norberg U. M. 1987. Wing form and flight mode in bats. [In: Recent advances in the study of bats.

M. B. Fenton, P.  Racey and J. M. V. Rayner, eds]. Cambridge University Press, Cambridge: 43–57.

Norberg U. M. 1994. Wing design, flight performance, and habitat use in bats [In: Ecological morpho-

logy: integrative organismal biology. P. C. Wainwright and S. M. Reilly, eds]. The University of

Chicago Press, Chicago: 205–239.

Norberg U. M. 1995. How long tail and changes in mass and wing shape affect the cost for flight in

animals. Functional Ecology 9: 48–54.

Norberg U. M. 1996. Energetics of flight. [In: Avian energetics and nutritional ecology. C. Carey, ed].

Chapman & Hall, New York: 199–249.

Norberg U. M., Brooke A. P. and Trewhella W. J. 2000. Soaring and non-soaring bats of the family

Pteropodidae (flying foxes, Pteropus spp.): wing morphology and flight performance. Journal of

Experimental Biology 203: 651–664.

Norberg U. M., Kunz T. H., Steffensen J. F., Winter Y. and Von Helversen O. 1993. The cost of

hovering and forward flight in a nectar-feeding bat, Glossophaga soricina, estimated from aero-

dynamic theory. Journal of Experimental Biology 182: 207–227.

Norberg U. M. and Rayner J. M. V. 1987. Ecological, morphology and flight in bats (Mammalia:

Chiroptera): Wing adaptations, flight performance, foraging strategy and echolocation. Philosophical

Transaction of the Royal Society of London B 316: 335–427.

Nowak R. M. 1999. Walker’s Mammals of the world. 6th ed. The John Hopkins University Press,

Baltimore: 1–1936.

Rayner J. M. V. 1979. A new approach to animal flight mechanics. Journal of Experimental Biology 80: 

17–54.

Rayner J. M. V. 1982. Avian flight energetics. Annual Review of Physiology 44: 109–119.

Rayner J. M. V. 1984. The mechanics of flapping flight in bats. [In: Recent advances in the study of

bats. M. B. Fenton, P. Racey and J. M. V. Rayner, eds]. Cambridge University Press, Cambridge:

23–42.

Spear L. B. and Ainley D. G. 1997. Flight behaviour of seabirds in relation to wind direction and

morphology. Ibis 139: 221–233.

Svoboda P. L. and Choate J. R. 1987. Natural history of the Brazilian free-tailed bat in the San Luis

Valley of Colorado. Journal of Mammalogy 68: 224–234.

Swartz S. M. 1997. Allometric pattering in the limb skeleton of bats: implications for the mechanics

and energetic of powered flight. Journal of Morphology 234: 277–294.

Swartz S. M., Bennett M. B. and Carrier D. R. 1992. Wing bones stresses in free flying bats and the

evolution of skeletal design for flight. Nature 359: 726–729.

Tholleson M. and Norberg U. M. 1991. Moments of inertia of bat wings and body. Journal of

Experimental Biology 158: 19–35.

Van den Berg C. and Rayner J. M. V. 1995. The moment of inertia of bird wings and the inertial power

requeriment for flapping flight. Journal of Experimental Biology 198: 1655–1664.

Wainwright S. A., Biggs W. D., Currey J. D. and Gosline J. M. 1982. Mechanical design in organisms.

Princeton University Press, New Jersey: 1–423.

Webb P. I., Sedgeley J. A. and O’Donnell F. J. 1998. Wing shape in New Zealand lesser short-tailed

bats (Mystacina tuberculata). Journal of Zoology, London 246: 462–465.

Received 10 October 2000, accepted 5 December 2001.

200 J. Iriarte-Díaz et al.



<<
  /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


