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Abstract

The occurrence of plumage dimorphism of birds in Australia, Papua New Guinea, Peninsular Malaysia/
Singapore, and Thailand was assessed from published data as being between 32-42 percent. This lies within
the range noted in other areas of the world and suggests that tropical areas are not unique in the incidence of
dichromatism. Incidents of reverse plumage dimorphism were noted where the male was less conspicuous than
the female. Size dimorphism reversal, with the male being the smaller partner, was a feature noted in some
birds outside the raptors. A detailed description of sex reversal in a peahen is recorded over a three year
period, which resulted in the hen taking on almost indistinguishable male features. These data are supplemented

by a review of the bases for sexual dimorphism, particularly plumage features.
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Introduction

Dimorphism is high among some bird families,
such as in hummingbirds, birds of paradise, pheasants,
grouse, manakins and pond ducks (Sibley 1957).
Sexual dimorphism in birds is noted particularly in
plumage and colouration but can extend to size, structure,
and shape. The male is usually larger than the female, but
reverse size dimorphism is well known among the raptors,
jacanas, buttonquail, and berry pickers (Melanochoris
longicauda and similar species)---(Swaddle, Karubian
et al. 2000; Kriiger 2005). Differences in behaviour do not
fit well under the heading of sexual dimorphism, but
they are frequently considered in an attempt to generate
unifying concepts (Campbell and Lack 2013).

Sexual differences noted in plumage, eye, and cere
colour are classically observed within the human visual
range. When ultraviolet discrimination patterns are
involved a majority of apparently monochromatic birds
may appear as dichromatic (Eaton 2005). However,
the majority of data available involves human visual
perceptions. The occurrence of such dichromatism in
regions varies with levels ranging from 32 to 39 percent
(Wilson and Von Neumann 1972; Bailey 1978)---Europe
(32 percent), North America (39 percent), and South
America (35 & 39 percent). The concept that birds in
the tropics are more susceptible to the development
of dichromatism than those at higher latitudes is not
supported by careful studies where confounding factors
are removed, such as giving proper consideration to
phylogenic relationships and latitudinal range overlap
(Bailey 1978; Cardillo 2002). The level of visible sexual
dichromatism observed may also differ with geographical
regions for the same species (Saino, Romano et al. 2013)
and the contrast between male and female is greater
at higher latitudes than at lower latitudes. In migratory
birds elaborate plumage displays in females is restricted,
ostensibly on account of the energy costs and predation

risks involved (Bailey 1978; Simpson 2012).

Where dimorphism is under genetic control (ZZ
in males and ZW in females), the birds show dimorphism
all year long. The removal of testes or ovaries (or adding
testosterone or oestrogen) has no effect on the plumage
displayed (e.g., sparrow, bowerbirds, birds of paradise).
Another possibility is that plumage dimorphism is
displayed particularly during the breeding season.
In such instances, the default position in both females
and males is to develop a showy plumage. However, in
females such plumage is not formed on account of the
production of oestrogen, making plumage display
oestrogen dependent. It is also possible for plumage
dimorphism to involve interactions between genetic
and hormonal factors in some species (Owens and Short
1995).

In the ruff (Philomachus pugnans---a wading
bird across northern Eurasia) raising testosterone levels is
involved in the development of male breeding plumage.
Here the ornamental feathers around the neck (ruff) will
develop in response to testosterone injection in females
and fail to develop in castrated males (Owens and Short
1995; Lank, Coupe et al. 1999). Testosterone appears
also to be involved in the Phalaropes (e.g., Wilson's
phalarope---Phalaropus tricolor---a wading bird in the
Americas), which show reversed sex roles with the
females being brightly coloured and the males dull.
The skin of female birds is more able to produce an
active metabolite from testosterone than the males,
hence accounting for the bright plumage developed. The
superb blue wren (Malurus cyaneus---Australia) may
fit into the testosterone-dependent category as well.
These males display a dull as well as a bright plumage.
Supplementing testosterone levels may induce a moult
and lead to the formation of brightly coloured feathers.

Selected weaver and warbler birds, found
primarily in North America, respond to rising luteinizing
hormone (pituitary origin) levels rather than either
oestrogen or androgens (Kimball 2006; Bdkony,
Garamszegi et al. 2008). These accounts leave us with

the obvious conclusion that a great deal is still to be
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discovered about factors influencing sexual dimorphism.

Secondary sexual characters (combs, wattles,
spurs) have been associated usually with testosterone
levels, although there are some exceptions such as
among the mallards (Keck 1934; Kimball 2006).
Where bill pigmentation patterns differ between the
sexes, particularly during the breeding season, the
feature appears usually to be testosterone dependent.
This is observed, for example, in the masked weaver
(Quelea quelea---Africa) and the paradise whydah
(Vidua paradisaea or Steganura paradisea---Africa)
(Owens and Short 1995). The intensity of the
pigmentation shown in the bare integument found
between the ocular ring and lores is associated with
circulating carotenoid pigments in the plasma. It is
suggested that testosterone influences the bioavailability
of these pigments in the red-legged partridge, Alectoris
rufa (European bird, but introduced to various countries)
(Blas, Pérez-Rodriguez et al. 2006).

Besides plumage differentiation, there are
differences in the occurrence of and/or the form and
frequency of singing and aggressive behaviour found
between the sexes as a result of elevated levels of
testosterone (Adkins-Regan 1999; Ketterson, Nolan Jr
et al. 2005).

In rare instances females birds may be transformed
so that male plumage and other characteristics develop.
This phenomenon is often associated with age, but has
been observed in partridge about a year old, which
showed a partial male plumage. This state was associated
with the presence of a diseased reproductive system.
Irrespective of age, interference with ovarian function is
correlated with the appearance of masculinized plumage.
Multiple causes for such a change are possible (Forbes
1947; Fadly 2008).

Sex-reversal typically is recorded in domesticated,
aviary, and zoo birds. In a number of bird genera sex
reversal has been observed. This includes domestic
fowl (G. gallus domesticus), mallard (Anas boschas),

partridge (Perdix cinerea), peahen (Pavo spp.), pheasant

(Phasianus spp.), pidgeon (Columba livia), turkey
(Meleagris sp.), widgeon (Anas penelope), scaup
(Aythya marila), scoter (Melanitta nigra), merganser
(Mergus serrator), wood grouse (Tetrao urogallus),
and others (Forbes 1947). In many breeds of birds,
removal of the ovary from the female, by surgical means
or pathological processes, will lead to the development
of some male characteristics, for the rudimentary right
gonad begins to differentiate in the absence of oestrogen.
This can lead to the secretion of androgens and the
development of male characteristics. The extent and
permanency of male characteristics will be determined
by the degree of reduction in ovary tissues (Domm 1924;
Chalmers 1986; Thorne1997).

In this study, we have estimated the incidence
of sexual dimorphism in a number of countries and
describe the phenomenon of sex reversal in detail in a
blue female peahen with a long history of successful
mating and raising young. The female took on male
characteristics with aging, which was just one season
after her last successful hatching. These data are

discussed in relation to other published information.

Study Area and Methods

The incidence of sexual dimorphism was
estimated in five countries (Australia, Peninsular
Malaysia/Singapore, Papua New Guinea and Thailand
by analysing data from published accounts assembled
by professional ornithologists (Frith 1977; Coates 1985;
Lekagul and Round 1991; Jeyarajasingam and Pearson
2012). Birds showing sexual differentiation in the
breeding season or on a continuous basis were assessed
as being dimorphic to human vision.

An incidence of sex reversal in peahen is
documented. The study area was located at Deuchar,
Queensland. Our case report involved a blue female
peahen (Pavo cristatus) with a long history of successful
breeding and with typical plumage. The hen was
observed over three years (2007-2010) by the senior

author, which was from the time when plumage change
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was noted until the death of the bird. The bird had
enjoyed a long history of successful breeding, had
raised young, and was treated routinely as a female by

the resident males.

Results
Findings on the survey of sexual dimorphism in
Australian, Papua New Guinean and Southeast Asian
birds are presented together with the account of sex

reversal in a peahen.

Sexual dimorphism

In Australian and Malaysian/Singaporean birds
reasonably obvious plumage dimorphism was noted in
32 percent of species, in 39 percent of species in
Papua New Guinea, and in 42 percent of species in
Thailand. In Australia, kingfishers (family Alcedinidae),
long-tailed parrots (family Polytelitidae), weavers and
allies (family Ploceidae), and wrens (family Maluridae)
showed a high proportion of sexually differentiated
species compared to other families. In Malaysia and
Singapore parrots and allies (family Psittacidae),
pidgeons (family Columbidae), trogons (family
Trogonidae), cuckoo shrikes (family Campephagidae), old
world orioles and allies (family Oriolidae), thrushes
(family Turdidae), and old world flycatchers (family
Muscicapidae) showed the greatest plumage dimorphism.
In Papua New Guinea, a high level of differentiation was
noted again among the parrots and cuckoo shrikes and
their allies, kingfishers (family Alcedinidae), monarch
flycatchers (family Monarchidae), whistlers, pitohius
and allies (family Pachycephalidae), longbills and
berrypickers (family Melanocharctidae), and especially
among the bowerbirds (family Ptilonorhynchidae) and
birds of paradise (family Paradisaeidae). In Thailand,
sexual dichromatism during the breeding season was
noted among a large number of shorebirds such as herons
(family Ardeidae), plovers (family Charadriidae),
sandpipers (family Scolopacidae), gulls and terns (family

Laridae). A high degree of continuous differentiation

was noted again among parrots, pidgeons, trogons,
cuckoo shrikes, thrushes, and old world flycatchers.
In addition to these families, ducks (family Anatidae),
pheasants (family Phasianidae), woodpeckers (family
Picidae), and sunbirds (family Nectariniidae) also
showed a high proportion of sexually differentiated
species compared to other families.

The male of the species is usually the larger and
the more showy sex, but some species displayed a
spectacular reverse sexual dichromatism. This is noted
in a convincing fashion in the plumage of the eclectus
parrot (Eclectus roratus---family Psittacidae; found in
Australia, Papua New Guinea, Moluccas and selected
Pacific islands). The male has a brilliant green plumage
whereas the female displays mainly bright red feathers,
with purple to blue highlights. In Papua New Guinea
the black fantail (Rhipidura atra---family Rhipiduridae)
and some monarch flycatchers (e.g., Myiagra alecto, M.
hebetior---family Monarchidae) show differentiation in
the female to display rich rusty or rufous feathers and
other ornaments in contrast to mainly black plumage in
the male. The plumage in the red necked phalarope
(Phalaropus lobatus---family Scolopacidae; found from
the arctic to the tropics) is a duller colour in the male
than the female.

Reversed size differentiation was noted in some
species in the areas surveyed. Here the female was
larger than the male. This was noted particularly among
the smaller raptors (e.g., Accipiter nisus, Accipiter
badius, Accipiter virgatus, Falco berigora, Phalaropus
lobatus), but is found in the barred and red backed
buttonquail (Turnix suscitator, T. maculosa respectively),
berry picker (Melanochoris longicauda and similar

species), and comb crested jacana (Irediparra gallinacea).

Sex reversal

The peahen studied began to develop male
characteristics at about 23 years of age. The hen
showed her first male feather complete with the typical

spectacular ‘eye’ pattern on the tail feathers during the
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breeding season (September to January). This unusual
development of male characteristics occurred about
12 months after her last successful hatching. As time
passed, more male feathers developed and twelve
months after the first display of such feathers, she had
developed a full set or plume of tail feathers (train).
However, these were about half the length of a fully
grown male train. Despite this outward appearance of
maleness, a white male peacock cohabiting with her for
a season treated her as a female preferring to direct his
aggression towards other males in adjoining pens.

The peahen continued to display male
characteristics (Fig. 1) for a total of three years until she
died. As time passed, the train of feathers increased in
length until they were about three quarters the length
of a typical fully developed male's train (juvenile
males take about three years to develop a full train).
The transformed peahen did raise the train to create a
visual display but not as frequently as a regular male.
Peahens have a dull brown crest, as did the peahen
which eventually took on male characteristics. In the
transformed hen, the crest developed the rich blue
colour typical of cocks. She also developed spurs of

equivalent length to that of a typical male. Her voice

was rather hoarse and not typically male.

Figure 1. Plumage characteristics of the transformed
peahen close to the time of death. Background details
were eliminated by using Photoshop. Other details were

not altered or enhanced.

The most prominent differences shown in the
transformed female to a typical cock involved the wing
feather patterning and the size of the white feather zone
on the face. The brown colouration on the wing feathers
was paler than in cocks, making the patterning less
prominent. The zone of white feathers on the face was
broader, particularly underneath the eye and sweeping
towards the ear. To the uninitiated, the bird's visual
appearance was almost indistinguishable from that of a
typical male. No autopsy was possible on the bird
following death. Her genotype was assumed to be ZW on
account of her successful breeding until four years
before her death and one year before the sex reversal
changes began to appear. One of her daughters is now
showing sex reversal changes (commenced September
2015) and seven months later has a half developed male
display tail.

The transformations observed were the first cases
noted in over 40 years of experience by the senior author

with breeding and keeping peafowl.

Discussion

The occurrence of visible dichromatism in the
tropical regions surveyed was 32-42 percent; the level
recorded was no doubt influenced by the discriminating
parameters chosen by the observers. Comparative studies
in other areas were in the range 32 to 39 percent (Wilson
and Von Neumann 1972; Bailey 1978). The idea that birds
in the tropics are more susceptible to the development of
dichromatism was not supported by our data, in agreement
with the observations of others (Bailey 1978; Cardillo
2002).

Colour differentiation classically is thought to give
males a competitive advantage, which is an explanation
that appears to account for the marked differentiation
noted in birds at higher latitudes. The drabness displayed
by females generally is considered to function to protect
birds during nesting (Simpson 2012). However, this is not
a consistent finding, for phenotypic traits are not

consistently related to sexually dimorphic traits
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(Huang and Rabosky 2015). An added difficulty is that
what the birds perceive differs from that observed by
humans. This means that explanations regarding the
ecological significance of colour differentiation will
continue to be expanded.

Phenotypic sex in vertebrates is influenced by
both genes and the environment. In birds the sex
determination is based on a ZZ/ZW system. In genetic
males (ZZ), two testes develop, whereas in genetic
females (ZW) the left gonad develops into an ovary
whereas the right gonad remains in a rudimentary state
(Thorne 1997).

Sex reversal is related to the health and
effectiveness of the left gonad. In fact, even at four days
development of the left ovary is favoured in chicks
destined to be hens. The right gonad does not develop and
is reduced to a vestige, which remains attached to the
cloaca. In the rooster, both gonads develop (Frankenhuis
and Kappert 1980). If the left ovary is destroyed either
surgically, through disease, or is reduced due to senile
processes this can lead to the growth of the right gonad
into a testis or ovo-testis. Usually the growth of the
ova-testis tissues does not permit spermatogenesis, but
there is one recorded case of such an event. In this
instance, an adult hen that had laid eggs was
subsequently able to fertilize eggs (Chalmers 1986;
Fadly 2008). When resort to experimental transplantation
is attempted, then spermatogenesis might be anticipated.
For example, when the right gonad of the domestic fowl
(G. gallus) was introduced into a capon (castrated
male), the animal developed sperm and these, when
harvested directly from the gland and used to inseminate
normal hens, led to fertilization and the development
of normal pullets and cockerels (Frankenhuis and
Kappert 1980). The implantation of embryonic testes into
incubating eggs similarly led to change of female chick
embryos into males with all the characteristic features
except feather colour (Rashedi, Maraud et al. 1983).

Such sex reversals remain permanent (van Krey 2003).

Transformation of females into birds with male
characteristics in nature is often associated with age, as
observed in our peahens. Irrespective of age, interference
with ovarian function is correlated with the appearance
of masculinized plumage. Multiple causes for such a
change are possible (Forbes 1947; Fadly 2008).
However, at the fundamental level, it is the cessation of
oestrogen production and the expression of underlying
biochemical phenomena determined by the genotype
that accounts for the plumage displayed (Owens and

Short 1995).

Conclusions

The sexual dichromatism noted in Thai birds
corresponded with general expectations from reports
made elsewhere in the tropics. There were differences
among the countries surveyed in the families showing
the highest proportion of dichromatic members. Not
surprisingly, Thailand showed greater similarities to
trends among the avifauna in Malaysia/Singapore than
in Papua New Guinea and Australia. Plumage dimorphism
was commonly observed among the families
Campephagidae, Columbidae, Muscicapidae, Trogonidae,
and Turdidae in the former territories. Papua New Guinea
showed spectacular dichromatism among bowerbirds
(family Ptilonorhynchidae) and birds of paradise (family
Paradisaeidae). Reversed size and plumage dimorphism
was noted among a small proportion of birds in all
territories surveyed; no surprise elements occurred.
Explanation for plumage differentiation among species
acknowledged the role of oestrogen, testosterone, and
luteinizing hormone. This information was used to explain
sex reversal noted in peahens. Much exploratory work
remains to be completed in understanding dichromatism

and its significance in the natural world.



Journal of Applied Animal Science Vol.8 No.3 September-December 2015 33

References

Adkins-Regan E. Testosterone increases singing and
aggression but not male-typical sexual partner
preference in early estrogen treated female zebra
finches. Horm Behav 1999; 35(1): 63-70.

Bailey S.F. Latitudinal gradients in colors and patterns
of passerine birds. Condor 1978; 80(4): 372-81.
Blas J., Pérez-Rodriguez L., Bortolotti G.R., Viuela J.,
Marchant T.A. Testosterone increases bioavailability
of carotenoids: insights into the honesty of sexual
signalling. Proc Natl Acad Sci USA 2006; 103(49):

18633-7.

Bokony V., Garamszegi L.Z., Hirschenhauser K., Liker A.
Testosterone and melanin-based black coloration:
a comparative study. Behav Ecol Sociobiol 2008;
62: 1229-38.

Campbell B., Lack E. A dictionary of birds. New York:
Bloomsburg Publishing; 2013.

Cardillo M. The life-history basis of latitudinal diversity
gradients: how do species traits vary from the poles
to the equator? J Anim Ecol 2002; 71(1): 79-87.

Chalmers G.A. Ovatestes and sexual reversal in racing
pigeons. Can Vet J 1986; 27: 82-4.

Coates B.J. The birds of Papua New Guinea, including the
Bismarck Archipelago and Bougainville. Alderley,
Queensland: Dove Publications; 1985: vols. 1-2.

Domm L.V. Sex-reversal following ovariotomy in the fowl.
Proc Soc Exp Biol Med 1924; 22: 28-35.

Eaton M.D. Human vision fails to distinguish
widespread sexual dichromatism among sexually
"monochromatic" birds. Proc Natl Acad Sci USA
2005; 102(31): 10942-46.

Fadly A.M. Neoplastic diseases. In: Saif Y.M., Fadly
A.M., Glisson J.R., McDougald L.R., Nolan L.K.,
Swayne D.E. editors. Diseases of Poultry. 12" ed.
Ames, Towa: Blackwell Publishing Ltd; 2008,
chap. 15.

Forbes T.R. The crowing hen: early observations on
spontaneous sex reversal in birds. Yale J Biol

Med 1947; 19: 955-70.

Frankenhuis M.T., Kappert H.J. Experimental
transformation of right gonads of female fowl
into fertile testes. Biol Reprod 1980; 23(3): 526-9.

Frith H.J. Reader's Digest complete book of Australian
birds. Sydney: Reader's Digest Services Pty Ltd; 1977.

Jeyarajasingam A., Pearson A. A field guide to the birds
of Peninsular Malaysia and Singapore, second
edition. Oxford: Oxford University Press; 2012.

Huang H., Rabosky D.L. Sex-linked genomic variation
and its relationship to avian plumage dichromatism
and sexual selection. BMC Evol Biol 2015; 15:
199. Doi: 10.1186/512862-015-0480-4

Keck W.N. The control of the secondary sex characters in
the English sparrow, Passer domesticus (Linnaeus).
J Exp Zool 1934; 67(2): 315-47.

Ketterson E.D., Nolan Jr V., Sandell M. Testosterone in
females: mediator of adaptive traits, constraint on
sexual dimorphism, or both? Amer Nat 2005; 166(54):
S85-598.

Kimball R.T. Hormonal control of coloration. In: Hill
G.E, McGraw K.J. editors. Bird coloration, vol. 1.
Cambridge, Massachusetts: Harvard University
Press; 2006. p. 431-68.

Kriiger O. The evolution of reversed sexual size
dimorphism in hawks, falcons and owls: a
comparative study. Evol Ecol 2005; 19: 467-86.

Lank D.B, Coupe M., Wynne-Edwards E. Testosterone-
induced male traits in female ruffs (Philomachus
pugnax): autosomal inheritance and gender
differentiation. Proc Roy Soc Lond B, 1999;
266: 2323-30.

Lekagul B., Round P.D. A guide to the birds of
Thailand. Bangkok: Saha Karn Bhaet Co., Ltd; 1991.

Owens I.P.F., Short R.V. Hormonal basis of sexual
dimorphism in birds: implications for new theories of
sexual selection. Trends Ecol Evol 1995; 10(1): 44-7.

Rashedi M., Maraud R., Stoll R. Development of the
testes in female domestic fowls submitted to an
experimental sex reversal during embryonic life.

Biol Reprod 1983; 29(5): 1221-7.



34 Journal of Applied Animal Science Vol.8 No.3 September-December 2015

Sibley C.G. The evolutionary and taxonomic significance
of sexual dimorphism and hybridization in birds.
Condor 1957; 59: 166-91.

Saino N., Romano M., Rubolini D., Teplitsky C., Ambrosini
R., Caprioli M., et al. Sexual dimorphism in melanin
pigmentation, feather coloration and its heritability
in the barn swallow (Hirundo rustica). Plos One 2013;
8(2): €58024. doi:10.1371/journal.pone.0058024

Simpson R.K. Migration distance and sexual
dichromatism: cost of migration is correlated with
reduced female coloration in wood warblers. Honors
thesis, Trinity University; 2012 [cited 2015 May 3].
Auvailable from: http://digitalcommons.trinity.edu/cgi/
viewcontent.cgi?article=1008 &context=bio_honors.

Swaddle J.P., Karubian J., Pruett-Jones S. A novel
evolutionary pattern of reversed sexual dimorphism
in fairy wrens: implications for sexual selection.

Behav Ecol 2000; 11(3): 345-9.

Thorne M.H. A review of sex determination and
differentiation in poultry. Proc Aust Poultry Sci Symp
1997; p. 1-7. [Cited 2015 May 1]. Available from:
http://sydney.edu.au/vetscience/apss/documents/
1997/APSS1997-thorne-pp1-7.pdf.

van Krey H.P. Reproductive biology in relation to
breeding and genetics. In: Crawford R.D. editor.
Poultry breeding and genetics. Amsterdam: Elsevier
Ltd: 2003. p. 61-90

Wilson MLE., Von Neumann R.A. Why are neotropical birds
more colourful than North American birds? Avicult
Soc 1972; 78(3) [cited 2015 May 3]. Available from
http://www.avisoc.co.uk/table-of-contents/why-are-
neotropical-birds-more-colourful-than-north-

american-birds/.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


