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ABSTRACT

The study investigated the physical and biological factors
relating to population distribution and territorial defence of Uca
vocans hesperiae habitat in Libong non-hunting area, Trang Province,
southern Thailand. The area under study was divided into 3 zones:
Zone 1, Zone 2, and Zone 3 that were 2, 4, and 6 m from the water
edge respectively. Zone 1 contained higher levels of organic matter,
moisture content, population density, male feeding rate, and more
burrows than the other two zones. Zone 1 also had 1:1 adult sex ratio
of male to female compared with the more female biased ratios for
Zone 2 and Zone 3. Males had greater carapace width and length than
females. Male territorial defenders had larger and longer carapaces,
propodus, and dactylus than the average males in the population. The
amount of organic matter did not have a direct bearing on the physical
dimensions of territorial males in this species.
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INTRODUCTION

Several factors are known to affect the distribution of fiddler crab populations
including grain size, organic matter and moisture content (1,2,3,4,5). High soil
moisture content can minimise the desiccation rate especially in small fiddler crabs
(6,7). Robertson et al (8) showed the increasing gradient of available food from the
supratidal to the low intertidal zones, and suggested that Uca pugilator were present in
large numbers in low intertidal areas in response to increased levels of food in the
sediment.

Combatants that are physically larger than their opponents tend to be stronger.
Consequently they inflict greater costs on their rivals and incur lesser costs to
themselves (9). Contests over resources won by larger males have been demonstrated
in many species such as fiddler crabs Uca annulipes (10), U. vocans hesperiae (11), U.
paradussumieri (12), crayfish Cherax cuspidatus (13) and cichlid Tilapia zillii (9).
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This study examined the influence of the physical and biological factors
affecting the population distribution and the male territorial defenders of U. v.
hesperiae. The following hypotheses were investigated:

(1) If the amount of organic matter and moisture content affects the fiddler
crab distribution, then more fiddler crabs should inhabit the areas with high levels of
organic matter and moisture content than those with less organic matter and moisture
content.

(2) If male territorial defenders are stronger than their opponents, then they
should have wider and longer carapaces than the average males in the population.

MATERIALS AND METHODS
Fiddler Crab Biology

Fiddler crabs, U. v. hesperiae Crane, 1975 are highly social crustaceans
inhabiting sandy mudflats in tropical zones, e.g. East Africa, India, Myanmar, and
Malaysia (11,14,15). Males defend their burrows from conspecific intruders. The
burrow serves as a shelter from predators, and a refuge at high tide when they remain
underground. Males use their major claw to signal to females and to threaten or fight
other males. Male combat is very common throughout the year (16,17,18). Many fights
are between wanderers and burrow-owning males, but a few are between adjacent
burrow-owning males (16).

U. v. hesperiae males can initiate three kinds of forceful behaviours: manus-
push, heel and ridge, and forceful interlace (14,15,16). Manus-push is defined as
holding chelipeds flexed with the chelae partly opened through a slight lifting of the
dactyls. The lower halves of the mani are pushed against each other. Heel and ridge is
defined as a male placing his dactyl outside the manus of the opponent, while the
pollex is passed to the inner or palm side. Forceful interlace includes grips, flings, and
upsetting the opponent. The crabs can be turned upside down or levered into the air or
flung several centimetres away.

Data Collection

We studied a population of U. v. hesperiae Crane, 1975 at Libong non-
hunting area (7° 25’ N, 99° 38’ E), Trang Province, southern Thailand, from January
2003 to January 2004. The study site was an intertidal muddy sand flat on the shore of
the Andaman Sea. All field observations were made during low tide.

The physical and biological factors relating to habitat use of U. v. hesperiae
were investigated. The study area was divided into three zones: Zone 1, Zone 2, and
Zone 3 that were 2, 4, and 6 m from the water edge respectively. Data were collected
every three months with a total of five collecting periods, i.e. January, April, August,
November 2003, and February 2004. Fifteen individual 4 m’ (2x2 mz) plots were
marked on the ground surface at each zone. Three substrate samples were collected at a
depth of 5-10 mm for each plot in each zone at each collecting period for laboratory
measurement and analysis of their physical and biological factors. Physical factors
comprised organic matter, moisture content, and grain size. Three hundred grams of
each sample were dried for 72 h at 80°C or until there was no change in weight, and
then reweighed to determine the moisture content. One hundred grams of each dried
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sample were then grade sieved for 20 min in an automatic sieving machine. Sieve hole
diameters were >2,000, 1,000-2,000, 500-1,000, 250-500, 125-250, 63-125 and <63 pm
respectively. Each resultant grain size sample was weighed to 0.1 g of accuracy. To
determine organic content, fifty grams of each dried sample were heated at 550°C for
1 h and then reweighed. Final weight was subtracted from the initial weight to give
gram organic content.

Observing all U. v. hesperiae present in each plot through 10x35 binoculars,
we counted and sexed the crabs to determine population density and adult sex ratio
without catching or disturbing them. Adult sex ratio was calculated as the number of
sexually active males divided by the total number of sexually active adults of both
sexes in the plot (19). The crabs were then captured and marked. For all males, their
carapace width and length, manus, propodus, and dactylus were measured. For all
females, measurement was taken of their carapace width and length. Handedness and
the number of brachychelous and Ieptochelous claws were then recorded.
Brachychelous claws are identified by the relatively short and broad pollex and dactyl
of the major cheliped and more pronounced tubercles in the gap in comparison with
most individuals in the same species of similar carapace size (14,15,20). Leptochelous
describes an unusually long, slender, and regenerated major cheliped beset with
reduced tubercles (14,15,20). Carapace width and length were measured to the nearest
0.1 mm using Vernier callipers. Most crabs with a carapace length of less than 3.5 mm
were difficult to identify and/or sex satisfactorily. Therefore, these small crabs were
referred to as juveniles, although the carapace length of 3.5 mm was not regarded as
the point at which juvenile fiddler crabs became sexually distinguishable adults.

Crab behaviour was classified as either territorial or non-territorial. Territorial
males were defined as male crabs that went up and down the burrow, fed in the area
nearby, fended other males off their burrow area, and tried to entice females into their
burrow. Non-territorial males were defined as those males that walked and fed without
defending a burrow. Each plot was marked and divided with strings on the ground
surface into 10x10 cm’ grids. At each plot, we observed the territorial males defending
their territory from 4-5 m away. The ground area defended by the males was plotted on
paper in order to estimate the size of the territory. This was done by measuring its
width (a), length (b) and calculated with the ellipsoid equation (A = mab).

All variables were tested for normality using Levene’s tests and transformed
when necessary. One-way ANOVA and t-tests were used to test the differences
between parameters. Non-parametric tests were used where normality or other
assumptions of parametric tests were not met. All significance tests were two tailed.

RESULTS

Zone 1 had the highest levels of organic matter, moisture content, population
density, male feeding rate, and more burrows than Zone 2 and Zone 3 (Table 1). Zone
1 also had 1:1 adult sex ratio of male to female compared with the more female biased
ratios for Zone 2 and Zone 3 (Table 1). Differences in grain size among the three
zones were observed in five out of seven grain size categories (Table 1, Figure 1a-g).
Zone 3 had larger grain sizes than Zone 1 and Zone 2 (Figure 1b, ¢, d, f and g). There
was no difference between Zone 1 and Zone 2 in terms of territorial size and defence
rate (Table 1).
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Territorial males had larger and longer carapaces, propodus, and dactylus than
non-territorial males in the population but there was no difference in the size of manus
(Table 2). No difference in the incidence of handedness between territorial and non-
territorial males was observed (Table 2). However, fewer territorial males had
Brachychelous claws compared with the non-territorial males (Table 2). Males had
greater carapace width and length than females in this species (Table 3).

DISCUSSION

Our results showed that U. v. hesperiae tend to inhabit areas like Zone 1 with
high levels of organic matter and moisture content. This tendency has been observed in
other Uca species such as U. pugilator (21), and U. uruguayensis (22). Generally,
higher intertidal zones are sandier, have less food and get drier during low tide than
mid-low intertidal substrata. Organic detritus is frequently buried in intertidal sediment
which is also kept moist during low tide (23).

It was found that male feeding rate was higher in Zone 1, i.e. closer to the

water than in Zone 2 and Zone 3. Several Ocypodid crabs tend to feed in response to
sediment food content. Zimmer-Faust (24) reported that the sand bubbler crab,
Scopimera inflata was capable of detecting sediment food quality. Other studies have
shown that fiddlers such as U. vocans (25), and U. pugilator leave their burrows in the
high intertidal zone and travel downslope across the mid intertidal zone to feed near
the water edge in response to increased levels of food in the sediment (8,14,21,26).
The adult male to female sex ratio was 1:1 in Zone 1, and became more female biased
in Zone 2 and Zone 3. This result suggests that females tend to inhibit the upper zone
which is drier, has larger grain size and less organic matter. This could be due to two
possible reasons. First, females avoid being eaten by mudskippers. Macintosh (27)
found that in peninsular Malaysia U. paradussumieri and U. rosea were eaten
predominantly by two species of mudskippers: Periophthalmodon schlosseri and
Periophthalmus argentilineatus. These mudskippers consumed mostly female and
smaller male fiddler crabs because they could not crush the larger males. P. schlosseri
learn to avoid the larger male fiddler crabs on shore. Secondly, males might avoid
being eaten by coastal bird predators by living in high density near the water edge for
dilution effect. Koga et al (28) suggested that males might suffer a greater predation
risk than females due to their lighter colours and elaborate courtship display both of
which made them more conspicuous than the cryptic females. Birds feeding on male
crabs often capture the crab by the large claw that easily breaks off requiring them to
recapture the prey.
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Figure 1. Percentage of grain size at three zones. (a) >2,000 um, (b) 1,000-2,000 um,

(c) 500-1,000 pm, (d) 250-500 pm, (e) 125-250 pm, (f) 63-125 um and (g) <63 pm.

*P<0.05, **P<0.001.



Table 1. (zx=s.p.) of physical and biological factors of three zones of Uca vocans hesperiae habitat. *P<0.05, **P<0.001.

Factor Zone 1 Zone 2 Zone 3 Statistical test
Organic matter (%) 0.20+0.21 0.07+0.27 0.02+0.17 F, 100 = 18.78%%*
Moisture content (%) 0.55+0.08 0.45+0.17 0.41£0.20 X’z = 43.5]%*
Grain size (%) F, 466 = 0.66
>2,000 pm 0.16£0.14 0.15£0.13 0.17£0.12  F, ;=0.13
2,000-1,000 pm 0.70+0.31 0.74:0.36 0.94£027  F, =7.80%*
1,000-500 um 1.0720.66 1.49+0.82 200075 F,,=18.21%*
500-250 pm 4.5942.45 5.54+2.07 TA3£1.66  Fy,,=17.71%%
250-125 pm 64.64+8.61 66.515+0.56 66.65+5.04 Fy =132
125-63 pm 22.72+5.62 22.36+6.49 19.73+4.63 F, 4=3.96*
<63 pum 4.03£2.52 3.2241.88 201£1.74  F, =368
Density (Individual/m’) 7.06+4.38 1.17+1.77 0.02£0.22  F,(=570.60%*
Adult sex ratio 0.5140.19 0.34+0.37 0.02£0.14  F,(=290.15%*
Territory size (m”) 0.72+0.44 0.79+0.51 - F, =026
Feeding rate (time/min) 102.73+14.25 63.93+16.14 - F|100=164.17%%
Number of burrows/zone 7.718+3.74 1.4£2.35 - F, 5=50.77**
Territorial defend rate (time/min) 0.16+0.13 0.14+0.27 - F ..=0.21

1.53

1839 ONVANNNI M

(1)4
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Table 2. Body measurement (x+sp.), handedness and claw type of males and
territorial males in Uca vovans hesperiae. * P<0.005, **P<0.001.

Males Territorial t-test
males
Body measurement (x £5.D.)
Carapace width (mm) 22.63+3.22 2475 +2.42 tyy = -60.286**
Carapace length (mm) 15.13 £2.04 16.35+1.44 tigs= ~6.026%*
Propodus (mm) 35.19+£9.21 40.40 £ 6.93 tyy = -5.405%*
Manus (mm) 16.23 +£5.175 17.49 £5.26 ty,=-1.858
Dactylus (mm) 22.52+7.44 27.19+£6.13 tyy; = -5.582%%
Handedness :=0.99
Right handed males 442 8 Zi
Left handed males 55 0
Claw type : =12.07*
Brachychelous claw 374 35 Z
Leptochelous claw 76 20

Table 3. Carapace size (x:s.p.)of males and females Uca vocans hesperiae.
*P<0.001.

Carapace size (mm) Males Females t-test
Carapace width 22.63+3.22 19.83 £2.91 tige = -10.77%*
Carapace length 15.13 +£2.04 14.05+1.50 ty7e= -7.40%

The study has confirmed the findings of previous studies that larger males
tend to win fights and hold territories such as in U. annulipes (10), U. v. hesperiae (11)
and Heloecius cordiformis (29). Our results showed that males were larger than
females. Other fiddler crab species in southern Thailand in which males are larger than
females include U. perplexa, U. triangularis bengali, U. forcipata, U. lactea annulipes,
and U. v. hesperiae (15).

Our study supports Jaroensutasinee & Jaroensutasinee’s findings (15) that U.
v. hesperiae were mainly right-handed. There are other fiddler crab species that are
mainly right-handed, including U. tetragonon, U. t. bengali, and U. forcipata (15,
30,31,32,33). The relative frequencies of left-handedness and right-handedness of the
male major chela can vary from population to population (34). Williams and Heng (35)
reported that U. v. vocans in Australia and Singapore were 95% or more right-handed
throughout their range. The high repeatability of the percentage of right-handedness in
the genus Uca can be used as an aid in taxonomic grouping within this genus (32).

Our study showed that the percentage of territorial males with brachychelous
claws was lower in comparison with the non-territorial males in a population. This
finding suggests that territorial males tend to lose their major claw (brachychelous
claw) and then regenerate a new claw with leptochelous characteristics that is lighter
and requires less energy to move. This could be due to two possible reasons. First, as
these territorial males are engaged in fighting and defending territory more frequently
than non-territorial males, they are more likely to lose their brachychelous claw while
fighting their opponents. Since leptochelous claws are just as effective as a means of



K BUNNUANG et al 42

displaying superior fighting ability and attracting females for mating (20), territorial
males have no need to regenerate brachychelous claws that require more energy to
produce. Secondly, these territorial males might be more likely to be captured by bird
predators while being engaged in elaborate courtship activities and territorial defence.
The only part of the male fiddler crab body that coastal wading birds can feed on is the
large claw (27). Thus the males tend to lose their major claw (brachychelous claw) and
then regenerate a new one with leptochelous characteristics.

ACKNOWLEDGEMENTS

We thank Thana na Nagara and David Harding for comments on previous
versions of this manuscript, and Prince of Songkla University for financial support
through a Postgraduate Fellowship grant to K. Bunnuang. Our thanks are also due to
the Complex System Key University Research Unit of Excellence (CX-KURUE),
Walailak University, and the Institute of Research and Development for providing
computing facilities, and to the administrators of the Libong non-hunting area, Trang
Province, for providing the field work station.

REFERENCES

1) Teal JM. Distribution of fiddler crabs in Georgia salt marshes. Ecology 1958, 39:
185-93.

2) Ono Y. On the ecological distribution of Ocypodid crabs in the estuary. Mem Fac
Sci Kyushu Univ 1965, 45: 384-7.

3) Frith DW Tantanasiriwong R Bhatia O. Zonation and abundance of macrofauna
on a mangrove shore, Phuket Island. Phuket Mar Biol Center Res Bull 1976; 10:
1-37.

4)  Frith DW. A preliminary list of macrofauna from a mangrove forest and adjacent
biotopes at Surin Island, western peninsular Thailand. Phuket Mar Biol Center
Res Bull 1977, 17: 1-14.

5) Frith DW Frith CB. Notes on the ecology of fiddler crab populations
(Ocypodidae: Genus Uca) on Phuket, Surin Nua and Yao Yai Islands, western
peninsular Thailand. Phuket Mar Biol Center Res Bull 1978; 25: 1-13.

6) Warner GF. The occurrence and distribution of crabs in a Jamaican mangrove
swamp. J Anim Ecol 1969; 38: 379-89.

7)  Frith DW Brunenmeister S. Ecological and population studies of fiddler crabs
(Ocypodidae: Genus Uca) on a mangrove shore at Phuket Island, western
peninsular Thailand. Crustaceana 1980, 39: 157-84.

8) Robertson JR Bancroft K Vermeer G Plaisier K. Experimental studies on the
foraging behaviour of the sand fiddler crab Uca pugilator (Bosc, 1802). J Exp
Mar Biol Ecol 1980; 44: 67-83.

9) Neat FC Felicity AH Beveridge MMC. Fighting and assessment in male cichlid
fish: the effects of asymmetries in gonadal state and body size. Anim Behav 1998;
55: 883-91.

10) Jennions MD Backwell PRY. Residency and size affect fight duration and
outcome in the fiddler crab Uca annulipes. Biol J Linn Soc 1996, 57: 293-306.



11)

12)

13)

14)

15)

16)
17)

18)

19)
20)
21)

22)

23)

24)

25)

26)

27)

28)

DISTRIBUTION AND TERRITORIAL DEFENCE OF FIDDLER CRABS 43

Jaroensutasinee M Tantichodok P. Effects of size and residency on fighting
outcomes in fiddler crabs, Uca vocans hesperiae Crane, 1975 (Decapoda,
Brachyura, Ocypodidae). Crustaceana 2002, 75: 1107-17.

Jaroensutasinee M Jaroensutasinee K. Male body size influences female choice
and male-male competition in the fiddler crab, Uca paradussumieri Bott, 1973
(Decapoda, Brachyura, Ocypodidae). Crustaceana 2003; 76: 177-86.

Pavey CR Fielder DR. The influence of size differential on agonistic behaviour in
the freshwater crayfish, Cherax cuspidatus (Decapoda: Parastacidae). J Zool
London 1996; 238: 445-57.

Crane J. Fiddler crabs of the world. Ocypodidae: genus Uca. Princeton University
Press, Princeton, New Jersey, 1975.

Jaroensutasinee M Jaroensutasinee K. Morphology, population density, and adult
sex ratio of fiddler crabs in southern Thailand (Decapoda, Brachyura,
Ocypodidae). Crustaceana 2004, 77: 533-51.

Hyatt GW Salmon M. Combat in the fiddler crabs Uca pugilator and U. pugnax:
a quantitative analysis. Behaviour 1978, 65:182-211.

Christy JH Salmon M. Ecology and evolution of mating systems of fiddler crabs
(Genus Uca). Biol Rev 1984, 59: 483-509.

Rosenberg RH Enquist M. Contest behaviour in Weidmeyer’s admiral butterfly
Limenitis weidemeyerii (Nymphalida): the effect of size and residency. Anim
Behav 1991; 42: 805-11.

Jirotkul M. Operational sex ratio influences female preference and male-male
competition in guppies. Anim Behav 1999, 58: 287-94.

Backwell PRY Christy JH Telford ST Jennions MF Passmore NI. Dishonest
signalling in a fiddler crab. Proc Roy Soc London (B) 2000; 267: 719-24.

Reinsel KA Rittschof D. Environmental regulation of foraging in the sand fiddler
crab Uca pugilator (Boshc 1802). J Exp Mar Biol Ecol 1995; 187: 269-87.

Botto F Iribarne O. Contrasting effects of two burrowing crabs (Chasmagnathus
granulate and Uca uruguayensis) on sediment composition and transport in
estuarine environments. Estuarine Coast Shelf Sci 2000; 51: 141-51.

Christie MC Dyer KR Blanchard G Cramp A Mitchener HJ Paterson DM.
Temporal and spatial distributions of moisture and organic contents across a
macro-tidal mudflat. Cont Shelf Res 2000; 20: 1219-41.

Zimmer-Faust RK. Substrate selection and use by a deposit-feeding crab. Ecology
1987; 68: 995-1070.

Murai M Goshima S Nakasone Y. Some behavioural characteristics related to
food supply and soil texture of burrowing habitats observed on Uca vocans
vocans and U. lactea perplexa. Mar Biol Woods Hole Mass 1982, 66: 191-7.
Salmon M Hyatt GW. Spatial and temporal aspects of reproduction in North
Carolina fiddler crabs [Uca pugilator (Bosc)]. J Exp Mar Biol Ecol 1983, 70: 21-
43.

Macintosh DJ. Predation of fiddler crabs (Uca spp.) in estuarine mangroves. In:
Srivastava PBL (ed). Proceeding Sz/mposium on Mangrove & Estuarine
Vegetation in South East Asia, 25"-28" April, 1978, Serdang, Selangor,
Malaysia. Biotrop Spec Pubn Series 1978, 10: 101-10.

Koga T Backwell PRY Christy JH Murai N Kasuya E. Male-biased predation of a
fiddler crab. Anim Behav 2001, 62: 201-7.



29)

30)

31)

32)

33)
34)

35)

K BUNNUANG et al 44

Detto T Zeil J Magrath RD Hunt S. Sex, size and colour in a semi-terrestrial crab,
Heloecius cordiformis (H. Milne Edwards, 1837). J Exp Mar Biol Ecol 2004;
302: 1-15.

Frith DW Frith CB. Observations on fiddler crabs (Ocypodidae: genus Uca) on
Surin Island, western Peninsula Thailand, with particular reference to Uca
tetragonon (Herbst). Phuket Mar Biol Center Res Bull 1977; 18: 1-14.

Barnwell FH. The prevalence of male right-handedness in the Indo-West Pacific
fiddler crabs Uca vocans (Linnaeus) and U. fetragonon (Herbst) (Decapoda:
Ocypodidae). J Crust Biol 1982; 2: 70-83.

Jones DS George RW. Handedness in fiddler crabs as an aid in taxonomic
grouping of the genus Uca (Decapoda, Ocypodidae). Crustaceana 1982; 43: 100-
2.

Takeda S Murai M. Asymmetry in male fiddler crabs is related to the basic
pattern of claw-waving display. Biol Bull Woods Hole 1993; 184: 203-8.
Vernberg FJ Costlow JD. Jr. Handedness in fiddler crabs (genus: Uca).
Crustaceana 1966, 11: 61-4.

Williams MJ Heng PK. Handedness in males of Uca vocans (Linnaeus, 1758)
(Decapoda, Ocypodidae). Crustaceana 1980; 40: 215-6.



DISTRIBUTION AND TERRITORIAL DEFENCE OF FIDDLER CRABS 45

uNnAALo

Mo yapiles', fwa Tadad’, dadn wsgygsdil’, nquuzey w5ygsdail’
tademeiimmuazmammniiansnadengAnssumstlesiuarsnvaveamueny Uca

vocans hesperiae

msAnpInsall IdimsAndnyuzninenmuazianmveundseidouas
ﬂﬁ]%ﬂﬂu@ﬂ‘ﬁWﬁ@@Wf}ﬁﬂﬁ’iiJﬂﬁ‘]ajENﬂuE]”lm”lléllmJ’t’Nﬂﬂ”lllﬂT]J Uca vocans hesperiae STEHL
wawada ihvimeaue Janianss s ldimsuieiuianeesnidiu 3 Taude Toud
1,2 uaz 3 GlNﬁNmﬂG]ﬂfJ‘m 2, 4 wag 6 was MudEy o Teud 1 HlSumssunid
gavauysel arwduludugs Tuszansdeduuuniu sasinisiuvesyfuaumady
wag g wnmnan i lsugug dausendmanelulsui 1 vidu 11 agly
Toudi 200z 3 sefimaiomnniunad Ydwaumadinszaeenaazeniniuneie
U marnmediiflostuoianvarziuiannuniaaze11ueinszass 1A propodus
HaTYUIA dactylus ‘ﬁal‘ﬁi}jﬂ’hmﬁéiyﬂiz‘]ﬂﬂiiﬂﬂméEJ Ysnaasounidhitinadevina
oraaves) Muaumed luailFdi

a a a s a @ a Ja T o T v 13
'PIATITIINGT ANLINGIANEAS UH1INGIRIAUVATUATUNS ’J‘VIEJ']HJG]‘HW]Gl‘HiU mmawmiwng WPWHIATIVA1 90110

‘dnind %nwmmam MWTJ‘VImﬁEDﬁEJﬁﬂHm FUNDNIAIAT TIHIAUATATTITUI Y 80160




<<
  /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




