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Abstract

Observations were made of  feeding American Wigeon Anas americana to assess their
vigilance levels in relation to foraging location. American Wigeon increased vigilance
levels: 1) while foraging on land compared to on water, 2) while grazing progressively
further away from a water source, and 3) after being on land for long periods of  time.
Vigilance patterns were nearly identical to those recorded for Eurasian Wigeon Anas

penelope in earlier studies. Males were more vigilant than females when foraging on
land. This study contributes to understanding the importance of  ephemeral pond
habitats to grazing American Wigeon, which are used as anti-predator refuges by
actively feeding flocks. 

Key words: anti-predator behaviour, distance from water, grazing, head-up posture,
scanning.

Relationships between vigilance and
foraging are fundamental in waterfowl
behavioural ecology because they imply
trade-offs between alert behaviour and
foraging effort (Lazarus 1978; Lazarus &
Inglis 1986; Poysa 1987; Guillemain et al.
2002a, 2007a). Besides monitoring mates,
competitors and other flock members,
vigilant individuals scan the area for
potential predators (Pulliam & Caraco 
1984; Elgar 1989; Lima & Dill 1990; Owen
& Black 1990; Caro 2005; Beauchamp
2009). The feeding ecology and vigilant
behaviour of  Eurasian Wigeon Anas penelope

have been well documented in Europe

(Owen 1973; Kanel 1981; Owen & Thomas
1979; Mayhew 1987; Mayhew & Houston
1989; Jacobson & Ugelvik 1994a,b; Larsen
1996; Guillemain et al. 2003; Portugal 
& Guillemain 2011), yet there have been 
no comparable studies of  its Nearctic
counterpart, American Wigeon Anas

americana. 
American Wigeon wintering and

migrating through coastal northern
California occupy similar wetland habitats to
Eurasian Wigeon occurring in Europe
(Lovvorn & Baldwin 1996), and walk onto
adjacent saltmarsh or pastures to graze
vegetation. American Wigeon, like Eurasian
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Wigeon, are faced with the challenge of
foraging in an inherently “riskier”
environment (e.g. increased mammalian
predation risk and reduced response time)
when on land and away from water (sensu

Mayhew & Houston 1989; Portugal &
Guillemain 2011). Moreover, American
Wigeon are confronted with predation risks
similar to those of  Eurasian Wigeon while
foraging on dry land, in that they occupy
habitats with analogous mammalian and
avian predators. 

Vigilance in waterfowl has been shown to
be highly variable and can be influenced by
a variety of  factors, including: 1) sexual
differences (Inglis 1977; Mayhew 1987;
Black & Owen 1989a,b), 2) distance from a
water source (Mayhew & Houston 1989), 3)
time of  year (Portugal & Guillemain 2011),
4) flock size and position within the flock
(Inglis & Lazarus 1981; Mayhew & Houston
1989; Roberts 1996; Black et al. 1992), 5) pair
and family status (Lazarus & Inglis 1978;
Black & Owen 1989a; Guillemain et al. 2003,
2007b), 6) presence of  other species
(Jacobson & Ugelvik 1994b; Larsen 1996),
7) feeding style/method (Guillemain et al.
2002b) and 8) visual fields (Guillemain et al.
2002a). 

This study aimed to determine whether
American Wigeon displayed similar vigilant
behaviour to their European counterparts.
In particular, variation in American Wigeon
vigilance levels was examined for birds
feeding on different habitats (i.e. on 
land versus water), as the birds grazed
progressively further from a water source
into areas of  higher biomass, and also 
after grazing on land for long periods of
time. 

Methods

Observations of  actively feeding American
Wigeon took place on ephemeral ponds in
grass pastures near Arcata, California, USA
(40°N, 124°W). The majority (90%) of
observations were made at three ephemeral
ponds in the Jacoby Creek/Gannon Slough
Wildlife Area, a pastureland preserve 1 km
southeast of  Arcata, along the western
shore of  Humboldt Bay, California. The
remaining observations were made at two
ephemeral waterbodies on nearby (<10 km
away) farmland pastures which were
commonly used by American Wigeon.
Habitat type consisted of  cattle Bos taurus

grazed pasture and seasonally flooded
freshwater ponds and marshes (Barnhart et
al. 1992). The most common pasture plant
species included Velvetgrass Holcus lanatus,
Bentgrass Agrostis sp., Italian Ryegrass
Lolium mulliforum, Orchardgrass Dactylis

glomerata, Festuca Festuca sp., Clover Trifolium

sp., and Buttercup Ranunculus sp. (Long
1993). Vegetation height was kept short (e.g.
< 8cm) by intensive cattle grazing. Vigilance
behaviour (proportion of  time with head-up
during focal bird observations) did not
differ across sites (Kruskal-Wallis H2 = 1.66,
n.s.), so data were lumped for the larger
analysis. 

Focal bird observations were conducted
from 31 January 2011 to 24 March 
2011, coinciding with peak American
Wigeon migration in Northern California
(Hitchcock et al. 1993) and the end of  the
waterfowl hunting season. Procedures for
focal bird observations followed the
methods of  previous vigilance studies on
Eurasian Wigeon (see Mayhew 1987;
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Mayhew & Houston 1989), including a
variable observation time, between 1–3 min
(average = 96 s). Individual focal birds were
viewed continuously for the duration of
each behavioural observation, which were
carried out using a 20–60× spotting scope
and 8× binoculars from distances of  75–200
m. Foraging in pastures was characterised as
grazing, while foraging on water consisted
predominantly of  dabbling, but also
upending and picking items from the 
water surface. Vigilance was described as: 
1) proportion of  an observation period 
with head-up (time vigilant / length of
observation), 2) head-up rate (number of
head-ups / length of  observation;
converted to head-ups/s), and 3) scanning
duration (time vigilant / number of  head-
ups). A head-up was recorded when an
individual stopped feeding and raised its
head and neck above parallel. All time
recordings were made using standard
stopwatches. 

To reduce the likelihood of  double
sampling, the number of  focal observations
was restricted to 10 per study site per
observation day while alternating between
males and females. With an average flock
size of  99 individuals (range = 24–280
birds), this limited sampling to < 10% of
birds within the flock each day. In all cases,
the centremost bird in view of  appropriate
sex was selected for focal observation. 

To assess vigilance at varying distances
from water, all on-land focal observations
were placed into “distance from water”
categories, recorded against 10 cm high
wooden stakes at intervals of  0–5 m, 5–10
m, 10–15 m, 15–20 m, 20–30 m, and 30–40
m to ensure accurate distance records but

which did not affect birds’ feeding
behaviour. 

Disturbance events (e.g. anthropogenic
disturbance or overflying raptor) would
stimulate “snap back” (quickly run or fly)
flock responses to the nearest waterbody.
The timing of  “snap back” events (i.e. total
time away from water) was recorded,
although their cause was not determined.
Additionally the length of  time an individual
had been foraging on land was recorded at
the start of  each focal observation. 

Food supply was recorded by clipping all
above ground vegetation within an 8 × 8 cm
frame at the 6 distance categories every two
weeks. Green biomass was separated from
brown/dead material, desiccated at 60º C
for 24 h, weighed immediately upon
removal from oven, and converted to g/m2. 

The influence of  distance from water on
vigilance levels was tested using Kruskal-
Wallis analysis of  variance. Differences in
vigilance between foraging situation and
sexes were analysed by Mann-Whitney U
tests. Spearman rank correlations were
employed to test the relationship between
vigilance and time away from a water source.
One-way ANOVA was used to test variance
in green biomass and time away from a
water source in relation to distance
categories. Correlation coefficients and line
slopes were determined for plots of  these
relationships. To account for effects of
flock size on vigilance, observations 
were made from flocks with at least 20
individuals (see Mayhew 1987) (range =
24–280, mean = 99, s.e. ± 5.5) and we
checked that vigilance was not related to
flock size (Spearman rank correlation:
proportion vigilant, r117 = 0.106, P = 0.24,
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n.s.). In consideration of  animal safety 
and welfare, this work was approved by
Humboldt State University Institutional
Animal Care and Use Committee Protocol
(IACUC Protocol No. 10/11.W.32.E).
Means are given ± s.e. values throughout.

Results
One hundred and nineteen focal
observations of  actively feeding American
Wigeon were completed over the course of
the study. The ducks were more vigilant
while foraging on land than water (U117 =
1764, P < 0.001, Fig. 1). Vigilance levels
significantly increased with distance from

water bodies in terms of  proportion
vigilance (H6 = 70.87, P < 0.001), rate of
head-ups (H6 = 61.18, P < 0.001), and
scanning duration (H6 = 29.83, P < 0.001)
(Fig. 2a,b,c). Individuals were more vigilant
with increasing time on land away from
water bodies (proportion vigilance, r98 =
0.44, P < 0.001); time away from water
corresponded positively with “distance from
water” categories (F6,98 = 11.25, P < 0.001)
and the amount of  available green biomass
increased with distance from water (F6,16 =
4.93, P < 0.01, Fig. 2d). The median length
of  time flocks would graze before a “snap
back” to water was 9 min 44 s (s.e. ± 58 s; 
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Figure 1. Proportion of  time that American Wigeon were vigilant (mean ± s.e.) in relation to foraging
habitat and sex, in ephemeral ponds and pastures near Arcata, California, USA, 31 January–24 March
2011. American Wigeon displayed significantly higher proportion vigilance while foraging on pastures
than on water (U117 = 1764, P < 0.001). Males were significantly more vigilant while foraging in pastures
(U98 = 1026, P < 0.001), while females were significantly more vigilant while foraging on ponds 
(U17 = 29, P < 0.05). 
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n = 100; range = 1 min 25 s – 23 min 33 s).
While foraging on land, in potentially riskier
environments, the proportion of  time being
vigilant (Fig. 1) and the rate of  head-ups
(U98 = 1420, P < 0.05) was significantly
higher for males than females.

Discussion
Vigilance behaviour by individual American
Wigeon increased significantly as they
moved further away from water. Increased
investment in head-up scanning behaviour
rather than head-down grazing seemed to be
due to a perceived increase in predation risk
when out of  the water. This suggestion

parallels those of  Mayhew (1987) and
Mayhew & Houston (1989) who quantified 
a similar response in Eurasian Wigeon
foraging on coastal pastures in Scotland.
Furthermore, this behaviour has been
documented for other waterbirds, as Schütz
& Schulze (2011) found for spring-migrating
Ruffs Philomachus pugnax in eastern Austria,
which increased their scan rates while
foraging on terrestrial compared to semi-
aquatic habitats. In coastal northern
California, grazing American Wigeon
apparently also used pond habitats for safety,
as vigilance levels substantially decrease once
they “snap back” into the water. Moreover,

r  = 0.708  
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Figure 2. American Wigeon vigilance and biomass assessment in relation to distance from ephemeral
waterbodies in grassland pastures near Arcata, California, USA, 31 January–24 March 2011. (A)
Proportion of  time vigilant (mean ± s.e.) for American Wigeon foraging on water, and at progressively
further distances from a water source (y = 0.0324x + 0.0074, r2

119 = 0.974, P < 0.001). (B) Rate of
“head-ups” (mean ± s.e.) while foraging on water and at progressively further distances from water (y =
0.059ln(x) + 0.0508, r2

119 = 0.906, P < 0.001). (C) Scanning duration (length of  individual head-ups) in
relation to distance from water (y = 0.1427x + 0.5345, r2

119 = 0.908, P < 0.001). (D) Amount of  green
biomass per m2 (mean ± s.e.) available to grazing American Wigeon at different distances from water (y
= 0.139ln(x) + 0.2605, r2

21 = 0.763, P < 0.01). 
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American Wigeon became more vigilant
after being away from water for long periods
of  time. Time away from water appeared to
have such an impact on perceived predation
risk that all flock members would stop
grazing after extended periods away from
water and return to ponds in the absence of
a disturbance stimulus, occurring in 5 out of
21 observations (24%) when they were on
land longer than 10 min. Regrouping flocks
on the pond would then return to land for a
renewed grazing bout. Foraging flocks of
American Wigeon were rarely observed in
pastures lacking water bodies. These
observations corroborate Mayhew &
Houston’s (1989), suggesting water bodies
act as refuges for wigeon to escape predation
or disturbance. Grazing on land has long
been regarded as a “risky” foraging method
in waterfowl (e.g. Mayhew & Houston 1989;
Portugal & Guillemain 2011). Overall,
American Wigeon vigilance rates (time spent
vigilant: average = 9.7% ± 0.7%, n = 119)
were remarkably similar to those observed in
Eurasian Wigeon (c. 10%) (Mayhew 1987;
Portugal & Guillemain 2011).

Larsen (1996) suggested that Eurasian
Wigeon dependence on water for anti-
predator protection can be offset by the
presence of  large-bodied geese. American
Wigeon fed on eelgrass Zostera marina near
Black Brant Branta bernicla nigricans on nearby
Humboldt Bay, but usually grazed in single
species flocks on pastures (JLB & JMB, pers.
obs.). During this study Aleutian Cackling
Geese Branta hutchinsii leucopareia were
recorded feeding near (within 100 m)
American Wigeon flocks on 12% of  the
observations. However, these interactions
appeared to be chance inter-species use of

shared habitat, rather than an organised
mixed-species flock. American Wigeon
vigilance increased slightly in the presence
of  the geese (12.3% ± 1.4%) compared to
situations without geese (9.3% ± 0.7%),
although the difference was not significant
(U117 = 495, P = 0.08, n.s.). 

Male American Wigeon were more
vigilant than females while grazing on land
and seem to reduce investment in vigilance
when in the water. Although pairing status
was not evaluated in this study, it is 
likely that the observed increase in male
vigilance can be attributed to paired males
providing mates with enhanced foraging
opportunities. Mayhew (1987) and Portugal
& Guillemain (2011) found increased
vigilance levels in male Eurasian Wigeon
compared to females while foraging on land
in potentially “riskier” situations. It is likely a
portion of  increased male vigilance at
further distances from water resulted in
“low-cost vigilance” due to increased food
handling time in areas of  high grass biomass
(Portugal & Guillemain 2011), which would
allow males to maximize foraging efficiency
and alert behaviour. It is also possible that a
portion of  the increased scanning behaviour
was directed at potential competitors in
areas with different food densities. Grass
biomass was reduced from repeated
depletion by ducks at distances that were
closer to the water (see Mayhew 1987;
Portugal & Guillemain 2011). Variation in
vigilance by flock members has been
described in habitats with different amounts
and types of  food for a range of  waterfowl
species (e.g. Scott 1980; Black & Rees 1984;
Black & Owen 1989b; Kotrschal et al.

1993). 
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Similar to Eurasian Wigeon (Owen 1973;
Owen & Thomas 1979; Mayhew 1988),
American Wigeon used foraging tactics
other than grazing to obtain food, 
including dabbling and upending. American
Wigeon flocks in coastal California feed on
eelgrass beds and other freshwater wetland
vegetation (e.g. Potamogeton sp., Lemna minor,
Rumex acetosella; JLB & JMB, unpubl. data).
The degree to which individuals in this
region incorporate each feeding style and
food resource into their activity budget and
diet is currently unknown. Knowledge of
how wintering and migrating American
Wigeon use different food resources would
allow resource managers to better provide
adequate habitat (sensu Cadwalladr et al.
1972; Owen & Thomas 1979; Colwell &
Dodd 1995; Lovvorn & Baldwin 1996). 

Acknowledgements 

We are grateful to the City of  Arcata and
Mrs. Wallace for granting access to study
sites. M.A. Colwell, M. Guillemain and an
anonymous referee commented on an early
draft of  the paper. 

References 

Barnhart, R.A., Boyd, M.J. & Pequegnat, J.E.
1992. The ecology of  Humboldt Bay, California: an

estuarine profile. Biological Report, U.S.
Department of  the Interior, Fish and
Wildlife Service, Washington D.C., USA.

Beauchamp, G. 2009. How does food density
influence vigilance in birds and mammals?
Animal Behaviour 78: 223–231.

Black, J.M. & Rees, E.C. 1984. The structure and
behaviour of  the population of  Whooper
Swans wintering at Caerlaverock, Dumfries
and Galloway, Scotland. Wildfowl 35: 21–36. 

Black, J.M. & Owen, M. 1989a. Parent-offspring
relationships in wintering Barnacle Geese.
Animal Behaviour 37: 187–198. 

Black, J.M. & Owen, M. 1989b. Agonistic
behaviour in goose flocks: assessment,
investment and reproductive success. Animal

Behaviour 37: 199–209.

Black, J.M., Carbone, C., Owen, M. & Wells, R.
1992. Foraging dynamics in goose flocks: the
cost of  living on the edge. Animal Behaviour

44: 41–50.

Cadwalladr, D.A., Owen, M., Morley, J.V. 
& Cook, R.S. 1972. Wigeon Anas 

penelope conservation and salting pasture
management at Bridgwater Bay National
Nature Reserve, Somerset. Journal of  Applied

Ecology 9: 417–425.

Caro, T. 2005. Antipredator Defenses in Birds and

Mammals. Chicago University Press, Chicago,
USA.

Colwell, M.A. & Dodd, S.L. 1995. Waterbird
communities and habitat relationships in
coastal pastures of  northern California.
Conservation Biology 9: 827–834. 

Elgar, M.A. 1989. Predator vigilance and group
size in mammals and birds: a critical review
of  the empirical evidence. Biological Reviews

64: 13–33.

Guillemain, M., Martin, G.R. & Fritz, H. 2002a.
Feeding methods, visual fields, and vigilance
in dabbling ducks (Anatidae). Functional

Ecology 16: 522–529. 

Guillemain, M., Duncan, P. & Fritz, H. 2002b.
Switching to a feeding method that obstructs
vision increases head-up vigilance in
dabbling ducks. Journal of  Avian Biology 32:
345–350.

Guillemain, M., Caldow, R.W.G., Hodder, K.H. &
Goss-Custard, J.D. 2003. Increased vigilance



150 Vigilance in American Wigeon

© Wildfowl & Wetlands Trust Wildfowl (2011) 61: 142–151

of  paired males in sexually dimorphic
species: distinguishing between alternative
explanations in wintering Eurasian Wigeon.
Behavioural Ecology 14: 724–729. 

Guillemain, M., Arzel, C., Legagneux, P.,
Elmberg, J., Lepley, M., Pin, C., Arnaud, A. &
Massez, G. 2007a. Predation risk constrains
the plasticity of  foraging behaviour in teals,
Anas crecca: a flyway-level circumannual
approach. Animal Behaviour 73: 845–854.

Guillemain, M., Arzel, C., Legagneux, P.,
Elmberg, J., Fritz, H., Lepley, M., Pin, C.,
Arnaud A. & Massez, G. 2007b. Risky
foraging leads to cost-free mate guarding in
male teal Anas crecca. Journal of  Ornithology

148: 251–254. 

Hitchcock, R., Balcomb, R.R. & Kendall, R.J.
1993. Migration chronology of  American
Wigeon in Washington, Oregon, and
California. Journal of  Field Ornithology 64:
96–101. 

Inglis, I.R. 1977. The breeding behaviour of  the
Pink-footed Goose: behavioural correlates 
of  nesting success. Animal Behaviour 27:
747–764. 

Inglis, I.R. & Lazarus, J. 1981. Vigilance and flock
size in Brent Geese: the edge effect. Zeitschrift

für Tierpsychologie 57: 193–200. 

Jacobson, O.W. & Ugelvik, M. 1994a. Grazing
and vigilance behaviour of  breeding
Eurasian Wigeon Anas penelope in relation to
distance from water. Wildfowl 45: 119–123.

Jacobson, O.W. & Ugelvik, M. 1994b. Effects of
presence of  waders on grazing and vigilance
behaviour in breeding wigeon, Anas penelope.
Animal Behaviour 47: 488–490. 

Kanel, A. 1981. Winter feeding ecology of
Wigeon Anas penelope at the Ouse Washes,
England. Ibis 123: 438–449. 

Kotrschal, K., Hemetsberger, J. & Dittami, J.
1993. Food exploitation by a winter flock of
Greylag Geese: behavioural dynamics,
competition and social status. Behavioural

Ecology and Sociobiology 33: 289–295. 

Larsen, J.K. 1996. Wigeon Anas penelope offsetting
dependence on water by feeding in mixed-
species flocks: a natural experiment. Ibis 138:
555–557. 

Lazarus, J. 1978. Vigilance, flock size and domain
of  danger size in the White-fronted Goose.
Wildfowl 29: 135–145.

Lazarus, J. & Inglis, I.R. 1978. The breeding
behaviour of  the Pink-Footed Goose:
parental care and vigilant behaviour during
the fledging period. Behaviour 65: 62–88. 

Lazarus, J. & Inglis, I.R. 1986. Shared and
unshared parental investment, parent-
offspring conflict and brood size. Animal

Behaviour 34: 1791–1804.

Lima, S.L. & Dill, L.M. 1990. Behavioural
decisions made under the risk of  predation: a
review and prospectus. Canadian Journal of

Zoology 68: 619–640.

Long, L.L. 1993. The daytime use of  agricultural fields

by migrating and wintering shorebirds in Humboldt

County, California. Unpubl. M.Sc. Thesis,
Humboldt State University, Arcata,
California, USA.

Lovvorn, J.R. & Baldwin, J.R. 1996. Intertidal and
farmland habitats of  ducks in the Puget
Sound region: a landscape perspective.
Biological Conservation 77: 97–114. 

Mayhew, P.W. 1987. Vigilance levels in European
Wigeon – sexual differences. Wildfowl 38:
77–81. 

Mayhew, P.W. 1988. The daily energy intake of
European Wigeon in winter. Ornis

Scandinavica 19: 217–223. 



Vigilance in American Wigeon 151

© Wildfowl & Wetlands Trust Wildfowl (2011) 61: 142–151

Mayhew, P.W. & Houston, D. 1989. Feeding site
selection by Wigeon Anas penelope in relation
to water. Ibis 131: 1–8. 

Owen, M. 1973. The winter feeding ecology of
Wigeon at Bridgewater Bay, Somerset. Ibis

115: 227–243. 

Owen, M. & Black, J.M. 1990. Waterfowl Ecology.
Blackie, Glasgow, UK.

Owen, M. & Thomas, G.I. 1979. The feeding
ecology and conservation of  wigeon
wintering at the Ouse Washes, England.
Journal of  Applied Ecology 16: 795–809.

Portugal S.J. & Guillemain, M. 2011. Vigilance
patterns of  wintering Eurasian Wigeon:
female benefits from male low-cost
behaviour. Journal of  Ornithology 152: 661–668.

Poysa, H. 1987. Feeding-vigilance trade-off  in
the teal Anas crecca: effects of  feeding method
and predation risk. Behaviour 103: 108–122. 

Pulliam, H.R. & Caraco, T. 1984. Living in
groups: is there an optimal group size? In J.R.
Krebs & N.B. Davies (eds.), Behavioural

Ecology: An Evolutionary Approach, pp.
122–147. Blackwell Scientific Publications,
Oxford, UK.

Roberts, G. 1996. Why individual vigilance
declines as group size increases. Animal

Behaviour 51: 1077–108. 

Schütz, C. & Schulze, C.H. 2011. Scanning
behaviour of  foraging Ruffs Philomachus

pugnax during spring migration: is flock size
all that matters? Journal of  Ornithology 152:
609–616. 

Scott, D.K. 1980. The behaviour of  Bewick’s
Swans at the Welney Wildlife Refuge,
Norfolk, and on the surrounding fens: a
comparison. Wildfowl 31: 5–18.

Photograph: American Wigeon taking flight, by Leslie Scopes Anderson.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




