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ABSTRACT

 

Recent compilations of large-scale data bases on the geographical distributions
and body sizes of animals, coupled with developments in spatial statistics, have led
to renewed interest in the geographical distribution of animal body sizes and the
interspecific version of Bergmann’s rule. Standard practice seems to be an examination
of mean body sizes within higher taxa on gridded maps, with little regard to species
richness or phylogeny. However, because the frequency distribution of body sizes
is typically highly skewed, average size within grid cells may differ significantly
between species-rich and species-poor cells even when the median and modal sizes
remain constant. Species richness influences body size patterns because species are
not added to communities at random in relation to their size: areas of low diversity
are characterized by a higher range of body sizes than is expected by chance. Finally,
a consideration of phylogenetic structure within taxa is necessary to elucidate
whether patterns in the geography of size result from turnover between or within
intermediate taxonomic levels. We suggest that the highest and lowest quantiles
of body size distribution be mapped in order to expose possible physiological or
ecological limitations on body size.
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In 1847 Carl Bergmann proposed that smaller homeotherms

should, in general, inhabit warmer areas than larger-bodied

species. He reasoned that surface to volume ratios influenced

animal sizes because larger ratios facilitate heat loss, whereas

small ratios facilitate heat retention, and in similar-shaped

animals larger individuals have lower ratios (Bergmann, 1847).

The association between cold climates and large body size,

subsequently termed Bergmann’s rule, is probably the first and

best-known ecogeographical generalization. Here we consider

some current approaches to testing geographical patterns in

body size, such as Bergmann’s rule. We discuss how large-scale

data bases of species distributions, body sizes and environmental

variables enable us to examine some of the factors that affect size

evolution and size-related community assembly.

Bergmann probably envisioned the mechanism linking body

size with climate to act at several levels. He stated that: ‘We

are going to consider the distribution of smaller and larger

homeotherms over the earth’s surface ... in order to see how

far the effects of our rule are suggested in this distribution’

(Bergmann, 1847, p. 629; all quotes are from the translation in

James, 1970). Thus he inferred that assemblages of homeotherms

would be characterized by smaller body sizes in warmer areas.

However, Bergmann probably thought that this hypothesis

applied mostly to closely related species (especially congenerics)

rather than to broader taxonomic groups: ‘If there are genera in

which the species differ only in size, the smaller species would

demand a warmer climate’ (Bergmann, 1847, p. 638). Bergmann

also thought his rule should be strongest within species (p. 677):

‘Is it not to be expected that races which should be more similar

to each other in their organization than the species of a genus,

should be more dependent on their size ratios in their distribution

than the latter? This sounds obvious’. Thus Bergmann obviously

thought his rule could apply at various levels: for all homeotherm

species at some higher taxonomic level (e.g. species within

families or orders), for species within genera, and for populations

within species, although he probably stressed the second pattern

more than the others.

Rensch (1938) and Mayr (1942, 1956) claimed that Bergmann’s

rule is a purely intraspecific phenomenon, and should be studied

at that level. They reasoned that in Bergmann’s era geographical
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variants were treated as different species, whereas under the new

(at the time) taxonomy the very existence of a size cline proved

that members of different populations were conspecifics. Recent

meta-analyses have focused on testing the generality of Bergmann’s

rule, and finding attributes that distinguish between species that

show latitudinal size clines and those that do not. Bergmann’s

rule was found to hold within the majority of endotherm species

(Ashton 

 

et al.

 

, 2000, Meiri & Dayan, 2003), although in

ectotherm species, patterns seem more complex (e.g. Atkinson,

1994, Ashton, 2002, Ashton & Feldman, 2003). Attempts to find

which species tend to show size clines, however, have found only

weak and idiosyncratic correlates for this tendency (e.g. Ashton,

2004, Meiri 

 

et al.

 

, 2004, 2007).

Lindsey (1966) was probably the first to quantify the body size

patterns of species within higher taxa (families, orders and

classes) at different latitudes. He showed that size frequency

distributions of fishes and amphibians (but not of reptiles)

tended to peak at higher body sizes in colder areas. Recent

developments in spatial statistics, combined with compilations

of large-scale climatic data, animal geographical distributions

and body sizes enable rigorous assessment of the geographical

distributions of body size. Here, instead of examining size

patterns within species, each species is assigned a single body

size, and the spatial distribution of sizes is studied in multispecies

assemblages.

Testing for correlates of geographical variation in body size of

species within higher taxa, however, presents several analytical

challenges. Blackburn 

 

et al.

 

 (1999) advocated using species

within higher taxa, arguing that studies that examine body sizes

of large numbers of related species across a range of latitudes

have the best chance of detecting a pattern. They reasoned that

phylogenetically more restricted data sets (e.g. species within

genera) can miss the true pattern because much of the size cline

is expected to result from higher-taxon turnover (Blackburn

 

et al.

 

, 1999). This broad-scale approach has recently become

popular in macroecology, with studies usually involving: (1)

mapping the distributions of species in the focal taxon; (2)

estimating species-specific body sizes; (3) averaging log-

transformed body sizes within grid cells (equivalent to the log of

the geometric mean of the raw data); and (4) regressing the

averaged body sizes on latitude, temperature and other climatic

variables to assess which factors influence size (Blackburn &

Hawkins, 2004; Olalla-Tarraga 

 

et al.

 

, 2006; Rodríguez 

 

et al.

 

, 2006).

While such an approach is conceptually straightforward,

we suggest that more emphasis should be given to issues such

as size indices, species richness and the breadth of taxonomic/

phylogenetic scope.

 

QUANTIFYING BODY MASS IN SPATIAL UNITS

 

First, we argue that using the arithmetic mean of the log-

transformed masses as a measure of the body size of a grid cell

reveals only part of the picture. Body size distributions are often

right-skewed (Maurer 

 

et al.

 

, 1992; Gardezi & da Silva, 1999;

Greer, 2001). The tendency of assemblages to show modal size

distributions and skewed size distributions probably depends to

a large extent on the spatial and taxonomic scales of a particular

study. However, species-poor cells can contain large animals, but

are less modal than species-rich cells (e.g., Brown & Maurer,

1989; Brown & Nicoletto, 1991; Cardillo, 2002). Thus, species-poor

cells will be characterized by larger mean body sizes, but similar

modal size classes, than species-rich cells, the median showing

an intermediate tendency (provided the distribution is right-

skewed). Consider an extreme example with two grid cells: one

with a 100 kg ostrich and nine 30 g passerines, the other with an

ostrich and 100 such passerines. In the first cell the mean mass

(using log-transformed data) would be 68 g, while the median and

mode would be 30 g. Similarly, in the second cell the mean mass

would be 33 g, but the median and mode, at 30 g, would be identical

to those of the first cell. Thus, the mean tends substantially to

overestimate other measures of central tendency where there are

few small-bodied species, even when using log-transformed

data. If, for example, the species-rich cell is tropical and the

species-poor one more temperate, using means will show a

positive association between size and latitude whereas the mode

and median will show no such relationship. Thus, the biological

conclusion will depend on the measure of central tendency one

uses. Using the mean, for example, may lead to the conclusion

that small species cannot tolerate low temperatures, despite the

fact that some small species do occupy high latitudes, albeit in

low numbers. We therefore suggest that the median body size or

the modal size class within cells be used as size indices. If body size

frequency distributions are not modal the median is preferable to

the mode.

 

ACCOUNTING FOR THE EFFECTS OF 
SPECIES RICHNESS

 

We also believe that species richness should be taken into

account when geographical variation in size of species within

higher taxa is analysed. This is because species richness is often

strongly correlated with the mean or median mass within a grid

cell. Blackburn & Gaston (1996) showed that species richness

was a better predictor of body mass than latitude in New World

birds. Cardillo (2002) reasoned that this is because the size range

within grid cells remains relatively stable through space, while

species richness increases towards lower latitudes mainly by the

addition of small species. Disregarding species richness makes

the implicit assumption that, with respect to body size, species

are added to assemblages/cells at random. Comparing the size of

the largest species within a taxon across multiple geographical

areas representing different temperature regimes, Makarieva

 

et al.

 

 (2005) showed that the largest species within each of 24 taxa

of poikilotherms tended to occur in warmer regions. However,

their approach implicitly assumes that species are not added at

random, but that both the largest and smallest members of a

community that can live in an area will be present even in

species-poor cells. We suggest that both assumptions are

unlikely. Although the body mass range increases with increasing

sample size (Marquet & Taper, 1998; Boback & Guyer, 2003;

Meiri 

 

et al.,

 

 2005), it probably increases faster than expected if

species were simply added to assemblages at random (Figure 1):
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the shape of the body size frequency distribution often changes

from highly modal, usually peaking below the median of the

mass spectrum, to more uniform as richness decreases (Brown &

Nicoletto, 1991). Thus it is not that small species cannot inhabit

colder regions, higher latitudes or regions of low species richness,

but simply that there is a strong interaction between species

richness and body size (Cardillo, 2002). Where species richness is

low, the contribution of small-bodied species to the average body

mass is small and since species richness is typically lower at high

latitudes the average body mass of taxa at higher latitudes will

tend to be high.

An interesting way to examine whether turnover is responsible

for body size patterns can be to map separately the distribution

of body size in the highest and lowest quantiles of the body size

distribution. This will enable us to inspect whether, for example,

very small animals do not inhabit the coldest area, suggesting

some physiological limitation on body size. Similarly, the

proportion of the largest and smallest species, relative to total

species richness, could be examined to see if small species

are underrepresented in cold areas or large species are un-

derrepresented in warm ones. These approaches are rarely

taken. A more sophisticated approach would attempt to quantify

and map separately the degree to which the body size of an

assemblage (or grid cell) is determined by shared evolutionary

history or by ecology (e.g. Gittleman & Kot, 1990; Diniz-Filho

 

et al.

 

, 1998). Furthermore, if the ecological component is to be of

value, then multiple measures of body size within a species

should be taken across its range.

 

PHYLOGENETIC ISSUES

 

The latter approach draws attention to two additional problems

associated with the study of species within higher taxa, both of

which relate to taxonomy and phylogeny. First, if gridded data

are used (with each grid cell contributing one data point), then it

may be beneficial to examine patterns within more restricted

taxa, rather than just treating all species in some higher taxon

regardless of phylogeny. For example, if a class is being studied,

then it will be worthwhile also to examine intra-ordinal,

intra-familial and intra-generic patterns to see whether patterns

remain similar across all scales (Fig. 2). If so, a common

mechanism can be safely invoked. The class pattern may also be

caused by turnover of lower taxa (Blackburn 

 

et al.

 

, 1999),

suggesting that variation in body size should be analysed at

multiple taxonomic levels (Fig. 2). Alternatively, it could be a

combination of the two.

The second problem with studying species within higher taxa

is the question of how broad the taxonomic scope of the analyses

should be. The finding that the mean size of European mammals,

for example, increases from north to south (Rodríguez 

 

et al.

 

,

2006) may be largely due to the absence of bats from northern

latitudes. Whether this absence is due to their small size is not at

all clear – it may just result from the relative scarcity of their

insect prey in the cold parts of the year. It is likewise reasonable

that the fact that bats as a group show the reverse to Bergmann’s

rule is because the large fruit bats (Megachiroptera) cannot

inhabit higher latitudes because of food limitation, not because

they are large. Thus body size patterns that are driven by taxon

turnover may not be a result of selection on body size 

 

per se

 

, but

instead stem from selection on other natural-history attributes.

Therefore, simply pooling all species of some higher taxon may

not be very informative for inferring the environmental correlates

of body size. An obvious solution to this problem would be to

map the geographical distribution of body size with the data

subdivided according to some life-history or ecological trait.

For example, Rodríguez 

 

et al.

 

 (2006) examined the body size

distribution of European mammals by splitting them into

dietary groups. An alternative approach is to treat species, rather

than grid cells, as the unit of analysis and perform a phylogenetic

correction, with measures of the climate conditions experienced

Figure 1 Body size as a function of species richness. The 
relationship between species richness and range in body size under 
three different assumptions of community assembly: random draw 
(solid line, Blackburn et al., 1999); mostly modal-sized species added 
at high-richness cells (dotted line, Brown & Nicoletto, 1991; 
Cardillo, 2002); and entire size range present at very low richness 
(dashed line, Makarieva et al., 2005).

Figure 2 The relationship between body size and latitude. 
Each line represents the relationship between body size and latitude 
for species within a family (or other higher taxon). Body size 
increases with latitude could occur due to: (a) larger-bodied families 
occurring at higher latitudes; or (b) larger-bodied species within 
families occurring at higher latitudes.
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by each species (temperature, primary productivity, etc.) as

the explanatory variable and body size as the response. Under

Bergmann’s rule we would expect shifts to colder regions to be

accompanied by shifts towards larger size. While this method

does not easily lend itself to mapping patterns of body size

(Ruggiero & Hawkins, 2006), it has the advantage of being

insensitive to species richness. It is also conservative in that every

species is counted only once, at the centroid of its range, whereas

with most grid-based analyses, each species contributes the same

body size value to each cell in which is occurs. Thus, large

ranged species may be overrepresented in grid-based analyses.

Large range size also presents problems for species-level studies

because it may not be appropriate to take a single value for body

size and its possible environmental correlates, which may show

considerable variation across space (Meiri 

 

et al.

 

, 2007). Only

extensive sampling from throughout the range and the assignment

of different body size values for each cell can overcome this

problem. Furthermore, this method will tend to portray species

with very large ranges as occurring at low latitudes (e.g. the

puma, 

 

Felis concolor

 

, with a latitudinal range > 100

 

ο

 

 will be

portrayed as roughly equatorial). We suggest that the most

powerful studies will be those that used a combined approach of

grid cell and species-level analyses.

 

CONCLUDING REMARKS

 

Mapping body sizes offers exciting opportunities for

understanding the selective pressures behind size evolution

and community assembly. We urge, however, that caution be

practiced when interpreting the results of such analyses. A simple

representation of spatial patterns in average body mass is not

very informative. Species richness should be corrected for, body

size ranges should be examined, and within-taxon patterns of

turnover across multiple taxonomic or phylogenetic scales

should be studied if we are to reach good understanding of the

forces that drive spatial patterns of body size.

 

ACKNOWLEDGEMENTS

 

We thank Tim Blackburn, José Alexandre Felizola Diniz-Filho,

Valérie Olson, Bede Phillimore, Miguel Á. Rodríguez and

an anonymous referee for insightful comments on an early

version of this manuscript. We are indebted to Brad Hawkins,

David Orme, Ian Owens and Yoram Yom-Tov for valuable

discussion.

 

REFERENCES

 

Ashton, K. G. (2002) Do amphibians follow Bergmann’s rule?

 

Canadian Journal of Zoology

 

, 

 

80

 

, 708–716.

Ashton, K. G. (2004) Sensitivity of intraspecific latitudinal clines

of body size for tetrapods to sampling, latitude and body size.

 

Integrative and Comparative Biology

 

, 

 

44

 

, 403–412.

Ashton, K. G. & Feldman, C. R. (2003) Bergmann’s rule in

nonavian reptiles: turtles follow it, lizards and snakes reverse it.

 

Evolution

 

, 

 

57

 

, 1151–1163.

Ashton, K. G., Tracy, M. C. & de Queiroz, A. (2000) Is Bergmann’s

rule valid for mammals? 

 

The American Naturalist

 

, 

 

156

 

,

390–415.

Atkinson, D. (1994) Temperature and organism size – a biological

law for ectotherms? 

 

Advances in Ecological Research

 

, 

 

25

 

, 1–58.

Bergmann, C. (1847) Ueber die Verhältnisse der Wärmeökonomie

der Thiere zu ihrer Grösse (Concerning the relationship of

heat conservation of animals to their size). 

 

Gottinger Studien

 

,

 

3

 

, 595–708.

Blackburn, T.M. & Gaston, K.J. (1996) Spatial patterns in the

body size of bird species in the New World. 

 

Oikos

 

, 

 

77

 

, 436–

446.

Blackburn, T.M. & Hawkins, B.A. (2004) Bergmann’s rule and

the mammal fauna of northern North America. 

 

Ecography

 

, 

 

27

 

,

715–724.

Blackburn, T.M., Gaston, K.J. & Loder, N. (1999) Geographic

gradients in body size: a clarification of Bergmann’s rule.

 

Diversity and Distributions

 

, 

 

5

 

, 165–174.

Boback, S.M. & Guyer, C. (2003) Empirical evidence for an

optimal body size in snakes. 

 

Evolution

 

, 

 

57

 

, 345–351.

Brown, J.H. & Maurer, B.A. (1989) Macroecology: the division of

food and space among species on continents. 

 

Science

 

, 

 

243

 

,

1145–1150.

Brown, J.H. & Nicoletto, P. F. (1991) Spatial scaling of species

composition: body masses of North American land mammals.

 

The American Naturalist

 

, 

 

138

 

, 1478–1512.

Cardillo, M. (2002) Body size and latitudinal gradients in

regional diversity of New World birds. 

 

Global Ecology and

Biogeography

 

, 

 

11

 

, 59–65.

Diniz-Filho, J.A.F., Ramos de Sant’Ana, C.E. & Bini, L.M. (1998)

An eigenvector method for estimating phylogenetic inertia.

 

Evolution

 

, 

 

52

 

, 1247–1262.

Gardezi, T. & da Silva, J. (1999) Diversity in relation to body size

in mammals: a comparative study. 

 

The American Naturalist

 

,

 

153

 

, 110–123.

Gittleman, J.L. & Kot, M. (1990) Adaptation: statistics and a null

model for estimating phylogenetic effects. 

 

Systematic Zoology

 

,

 

39

 

, 227–241.

Greer, A.E. (2001) Distribution of maximum snout–vent length

among species of scincid lizards. 

 

Journal of Herpetology

 

, 

 

35

 

,

383–395.

James, F.C. (1970) Geographic size variation in birds and its

relationship to climate. 

 

Ecology

 

, 

 

51

 

, 365–390.

Lindsey, C.C. (1966) Body sizes of poikilotherm vertebrates at

different latitudes. 

 

Evolution

 

, 

 

20

 

, 456–465.

Makarieva, A.M., Gorshkov, V.G. & Li, B.L. (2005) Gigantism,

temperature and metabolic rate in terrestrial poikilotherms.

 

Proceedings of the Royal Society B: Biological Sciences

 

, 

 

272

 

,

2325–2328.

Marquet, P.A. & Taper, M.L. (1998) On size and area: Patterns of

mammalian body size extremes across landmasses. 

 

Evolutionary

Ecology

 

, 

 

12

 

, 127–139.

Mayr, E. (1942) 

 

Systematics and the origin of species

 

. Columbia

University Press. New York.

Mayr, E. (1956) Geographical character gradients and climatic

adaptation. 

 

Evolution

 

, 

 

10

 

, 105–108.



 

The geography of body size

 

© 2007 The Authors 

 

Global Ecology and Biogeography

 

, 

 

16

 

, 689–693, Journal compilation © 2007 Blackwell Publishing Ltd

 

693

 

Maurer, B.A., Brown, J.H. & Rusler, R.D. (1992) The micro

and the macro in body size evolution. 

 

Evolution

 

, 

 

46

 

, 939–

953.

Meiri, S. & Dayan, T. (2003) On the validity of Bergmann’s rule.

 

Journal of Biogeography

 

, 

 

30

 

, 331–351.

Meiri, S., Dayan, T. & Simberloff, D. (2004) Carnivores, biases

and Bergmann’s rule. 

 

Biological Journal of the Linnean Society

 

,

 

81

 

, 579–588.

Meiri, S., Simberloff, D. & Dayan, T. (2005) Insular carnivore

biogeography: Island area and mammalian optimal body size.

 

The American Naturalist

 

, 

 

165

 

, 505–514.

Meiri, S., Yom-Tov, Y. & Geffen, E. (2007) What determines

conformity to Bergmann’s rule? 

 

Global Ecology and Biogeography

 

,

DOI: 10.1111/j.1466-8238.2007.00330.x.

Olalla-Tárraga, M.Á., Rodríguez, M. Á. & Hawkins, B.A. (2006)

Broad-scale patterns of body size in squamate reptiles of

Europe and North America. 

 

Journal of Biogeography

 

, 

 

33

 

, 781–

793.

Rensch, B. (1938) Some problems of geographical variation and

species formation. 

 

Proceedings of the Linnean Society of London

 

,

 

150

 

, 275–285.

Rodríguez, M. Á., López-Sañudo, I.L. & Hawkins, B.A. (2006)

The geographic distribution of mammal body size in Europe.

 

Global Ecology and Biogeography

 

, 

 

15

 

, 173–181.

Ruggiero, A. & Hawkins, B.A. (2006) Mapping macroecology.

 

Global Ecology and Biogeography

 

, 

 

15

 

, 433–437.

Editor: José Alexandre F. Diniz-Filho

 

BIOSKETCHES

Shai Meiri

 

 is interested in vertebrate macroecology, 

the evolution of body size and its implications, and in the 

biogeographical and morphological implications of 

predation. Other fields of interest include biogeographical 

correlates of morphology and the morphological 

signature of speciation.

 

Gavin H. Thomas

 

 has research interests in the 

evolutionary patterns of avian diversity and in the 

phylogenetic and phenotypic structure of ecological 

communities.

10.1111/j.1466- 8238.2007.00330.x


<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 120
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 120
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


