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Abstract Egg predation is a common feature influencing
the reproductive success of open nesting birds. Evolution-
ary pressure therefore favours building cryptic, inconspic-
uous nests. However, these antipredatory pressures may be
in conflict with thermoregulatory constraints, which select
for dry nest material maintaining optimum temperature
inside a nest cup during the absence of incubating parents.
Here we examined possible trade-offs between nest crypsis
and thermoregulation in Little Grebes (Tachybaptus rufi-
collis), which lay their eggs in floating nests built from wet
plant material. As this species regularly covers its eggs
with nest material, we experimentally examined (1) the
rates of egg predation on covered and uncovered artificial
nests and (2) possible thermoregulatory costs from nest
covering by comparing temperature and relative humidity
changes inside the nest cup. Results revealed that covering
clutches is beneficial in terms of deterring predators,
because uncovered eggs were more vulnerable to preda-
tion. Moreover, covering clutches also had thermoregula-
tory benefits because the mean temperature and relative
humidity inside nest cups covered by dry or wet materials
were significantly higher for covered compared to uncov-
ered treatments. Covering clutches in Little Grebes there-
fore does not pose thermoregulatory costs.
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Introduction

Nest building has been a typical feature of the biology of
birds since their origin and has had a key role in shaping
the relationship in bird reproduction between parents and
offspring (Hansell 2000). The sole function of nest building
is maintaining conditions for developing embryos or
young, and/or protecting the eggs during incubation
(Montgomerie and Weatherhead 1988; Healy et al. 2008).

Because nest predation is a major factor influencing
breeding success of open-nesting birds (Ricklefs 1969;
Martin 1992), there should be selective pressures for birds
to make nests less vulnerable to predation. Parent birds can
actively defend nests against nest predators (Montgomerie
and Weatherhead 1988) or make the nest visually cryptic
(Kreisinger and Albrecht 2008; Opermanis 2004) thereby
reducing nest predation rates (Cresswell 1997). Accord-
ingly, thermoregulatory constraints should select for nest
construction that influences temperature inside the nest
(Franklin 1995; Szentirmai et al. 2005; Mayer et al. 2009).

Nest crypsis (cryptic colouration of parents or eggshells,
or a specific type of nest construction) has been considered
an effective anti-predation strategy (Collias and Collias
1984; Collias 1997; Hansell 2000). Nests may contain non-
structural cryptic material (Hansell 1996; Schuetz 2005),
can be placed in less visible microhabitats (Martin 1992,
1993; Clark and Shutler 1999; Flaspohler et al. 2000;
Martin et al. 2000; Albrecht and Klvana 2004; Weidinger
2004; Colombelli-Negrel and Kleindorfer 2009) or clutches
in the nests can be covered by nest material or down
(Mickelson 1975; Summers and Hockey 1981; Gotmark
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and Ahlund 1984; Salonen and Penttinen 1988; White and
Kennedy 1997; Kreisinger and Albrecht 2008).

It has been proposed that, in some birds, covering
clutches evolved through antagonistic coevolution between
sexes (Valera et al. 1997; Low 2004), but the majority of
research shows evidence that clutch covering reduces nest
predation and thus was selected by natural selection. For
example, chickadees, titmice, and other parids that cover
their eggs with nest material during the day prior to incu-
bation may significantly reduce the danger of egg
destruction by House Wrens (Troglodytes aedon) (White
and Kennedy 1997). Vacca and Handel (1988) showed that
uncovered nests of Cackling Canada Geese (Branta
canadensis minima) suffered almost twice the rate of pre-
dation as nests in which eggs were left covered with goose
down. Similarly, Salonen and Penttinen (1988) found that
uncovered clutches of Great Crested Grebes (Podiceps
cristatus) were more vulnerable to predation by crows.

Although these examples clearly show that nest cover-
ing is beneficial in terms of reducing the risk of predation,
costs associated with covering clutches are almost
unknown. The aim of this study was to test whether clutch
covering by parents reduces nest predation (nest predation
hypothesis) and how clutch covering influences thermo-
regulation (thermoregulation hypothesis) in Little Grebes, a
non-passerine bird that constructs floating nests of plant
material concealed among reeds on the surface of the
water. Both parents incubate the eggs and regularly cover
them up with wet nest material when they leave their nest.
When incubating, the cover is removed (Cramp and Sim-
mons 1977; Glutz von Blotzheim et al. 1987).

We predicted that (1) clutches covered by nest material
make eggs less visible to visual predators compared to
open, uncovered clutches. However, because wet nest
materials (especially wet down) cause more rapid egg
cooling rates (Hilton et al. 2004), covering clutches in
Little Grebes may pose serious thermoregulation costs. We
therefore predicted that (2) cooling rates of air inside the
nest cup would be more rapid when clutches are covered
with wet nest material compared to open nests or nests
experimentally covered by dry material. The relative
humidity, in contrast, is expected to be higher under con-
ditions with covered compared to uncovered clutches.

Methods

Collecting nest materials

The nests of Little Grebes were sought systematically at the
beginning of June 2008 in various fishponds in western

Slovakia. Immediately after chick hatching, ten nests were
collected and stored in PVC bags. Similarly, covering
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materials from six active nests were cautiously removed
and maintained individually in PVC sacks. To minimize
disturbance of nests, remaining clutches were covered by
nest material directly from the side of the nests. Fresh-
weight of nests (range: 5.2-8.0 kg, mean = 6.44, SE =
0.58, N = 10) and nest coverings (range: 23.13-38.25 g,
mean = 31.66, SE =199, N =6) was subsequently
recorded in a laboratory. Nest covers were then dried (all
were exposed for 48 h at 60°C) and weighed on an elec-
tronic balance (range: 4.47-6.16 g, mean = 5.42, SE =
0.19, N = 6).

Because the main part of nests of Little Grebes floats
under the water surface, it seems unlikely that these parts
directly contribute to thermoregulation or visual properties
of eggs in the nests. Moreover, the weight of nests was
highly variable, mainly depending on water depth
(A. Trnka and P. Prokop, unpublished data). To standardise
the amount of nest material in all experiments, we used
only 1 kg of wet material removed from upper parts of
each collected nest (N = 10). This nest material (used later
in the artificial nests experiment) is in close contact with
incubated eggs, thus most appropriate for examining its
role in thermal and visual protection of eggs.

Laboratory experiment

The laboratory experiment was conducted between 23 and
27 June 2008. The 1-kg masses of nest material (upper
parts of nests, see above) from ten Little Grebe nests were
placed into plastic mesh bags (mesh diameter 25 cm).
Artificial nests with moulded nest cups of the same internal
diameter and depth were maintained for 48 h under labo-
ratory conditions with standard temperature of 30°C. To
simulate real climatic conditions inside a nest cup, five
unfertilized Quail Coturnix coturnix eggs were placed in
the center of each artificial nest. The eggs were stored
wrapped in polythene at 4°C during the 5-day period of
experiments; the wrapping minimised water loss from the
eggs. Prior to cooling-rate experiments, eggs were warmed
in a poultry incubator for ~1 h to a constant 37 + 1°C
following Hilton et al. (2004). The thermocouples placed at
the bottom of the nest cup and connected to datalogger
(hygrochron DS1923) connected to a laptop computer,
enabling real-time temperature display.

A complete set of nesting material with eggs was placed
in the refrigerator with standard air temperature (8°C). As
nest material cooled, the temperature and relative humidity
inside the nest cup were measured every 2 min for a
74-min cooling period.

The same eggs and nests were used in three experi-
mental treatments: uncovered eggs (control), eggs covered
by wet nest material (experiment 1) and eggs covered
by dry experimental material (experiment 2). One-way
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ANOVA did not find any differences in mean length
(F4’4() = 172, P = 011), width (F4’4() = 092, P = 052)
or mass (F440 = 0.93, P = 0.51) of Quail eggs between
the three treatments.

Nest covering was standardised according to weights
found under natural conditions; wet and dry nest coverings
weighed 31.70g (SE=027, N=10) and 540¢g
(SE = 0.21, N = 10) respectively.

Field experiment

The field experiment was conducted at the end of the
breeding season at ponds near Trnava, SW Slovakia
(48°21'N, 17°33'E), where visually oriented avian preda-
tors (especially marsh harriers, Circus aeruginosus) cause
the majority of nest losses. Five ponds extend over an area
of about 60 ha and are surrounded by large areas of water
and terrestrial reed beds containing common reed (Phrag-
mites australis) and reed mace (Typha angustifolia and
T. latifolia). The ponds have a stable water level during the
breeding period due to management in this protected area.
Artificial nests (N = 30, 10 for each of three treatments)
for the field experiment were constructed similarly to the
nests used for the laboratory experiment. The 1-kg masses
of nest material were placed on polystyrene panels
(40 x 40 cm) and fixed to the surrounding vegetation
(mainly to stems of reed mace, T. angustifolia). Based on
realistic densities and distances between nests of Little
Grebes in our study area (0.14-0.30/ha, Trnka 1999), 15
artificial nests (5 for each of the three trials) were placed in
each of two ponds. Each artificial nest was baited with five
fresh Quail eggs; only white eggs that visually resemble
eggs of Little Grebe were selected. The nests were dis-
tributed alternately along linear transects at the reed-water
edge (0-5 m from open water). The distance between
neighbouring nests was 15 m.

Experiments using artificial nests increase natural nest
densities, which may draw predators and lead to an artifi-
cial increase in predation rates (Hoi and Winkler 1994;
Schmidt and Whelan 1999). However, we assumed that
densities enhanced by artificial nests in our study did not
alter nest predation rates significantly, since experiments
based on much larger differences in other ground-nesting
birds, such as ducks, show no consistent effect of nest
densities on nest predation (Ackerman et al. 2004). Fur-
thermore, we controlled for these confounding factors by
starting the experiment after the peak of breeding activity
and by respecting natural nest densities (see above) of
Little Grebes in our study area (Trnka 1999). Artificial
nests were set up on 2 July 2008 and exposed for 4 days
only, due to high predation rate observed during first
inspection on 6 July 2008. A nest was considered predated
if any of the eggs were missing or appeared damaged.

Statistical analyses

Repeated measures ANOVA (with treatment as categorical
predictor) was used because the sample of nests was
exposed to the same conditions in turn, which means that
the measurement of the dependent variable is repeated.
Using a standard ANOVA in this case is not appropriate
because it fails to model the correlation between the
repeated measures. Our procedure followed similar design
of Hilton et al. (2004). Field data were compared by
Fisher’s exact test because the expected values in some
cells of a contigency table were below 5 (Agresti 1992).

Results
Laboratory experiment

Repeat-measures ANOVA revealed an effect of treatment
on mean temperature inside the nest cup among three types
of the nests (F, j0s = 11.83, P < 0.001). Figure 1 shows
that the mean temperature was highest in nests covered by
wet or dry nest material, while the mean temperature of
uncovered nests was lowest. Somewhat unexpectedly, the
effect of individual nests also significantly influenced
results (Fo o7, = 150.22, P < 0.001).

Mean relative humidity inside nest cup was highest in
nests covered by wet material, followed by nests covered
by dry material. Open nests had lowest relative humidity
(repeat-measures ANOVA, F, 93 = 406.84, P < 0.001,
Fig. 2). Relative humidity significantly differed among
individual nests (Fy 97, = 316.42, P < 0.001).
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Fig. 1 Differences in mean temperature inside a nest cup (°C)

among three types of nests. P values are based on Tukey post hoc
comparison of mean (***P < 0.001, NS not significant)

@ Springer



20

J Ethol (2011) 29:17-22

100.0

*k %k

* k% * k%

95.0 A

ol

H

90.0 A

85.0

Ul

Relative humidity + SE

80.0

75.0 T T

Covered by wet
material

Uncovered Covered by dry

material

Fig. 2 Differences in mean relative humidity inside a nest cup (%)
among three types of nests. P values are based on Tukey post hoc
comparison of means (***P < 0.001)

Field experiment

Most of the open nests were predated (7 of 10) during
4 days of exposure. In contrast, nests concealed by wet
(1 of 10) or dry material (1 of 10) were predated least and
at an identical frequency. We therefore pooled data from
the latter two groups of concealed nests and compared nest
predation with open nests. The difference between covered
and uncovered nests was significant (Fisher’s exact test,
P = 0.002), favouring a lower rate of nest predation of
covered nests.

Discussion

Our data showed that covering clutches with nest material
in Little Grebes is beneficial in terms of deterring visual
predators as well as maintaining optimum temperature and
humidity conditions for eggs inside a nest cup. Results of
this study are based on both laboratory and field experi-
ments and, as far as we are aware, no study examined these
hypotheses simultaneously in a single species up to date.
Two hypotheses were explicitly tested.

First, the thermoregulation hypothesis states that cooling
rates of air inside a nest cup will be more rapid when
clutches are covered by wet nest material. This hypothesis
was not supported. Our study showed that covering clut-
ches with wet material is most probably beneficial for
developing embryos because cooling rates of air inside the
nest cup were lower in the presence of covering material.
Dry material showed similar thermoregulatory properties
as wet material. In contrast, nest cups in open nests had the
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lowest mean temperature. At first glance, these results look
surprising because previous research has shown that wet
material is associated with higher egg cooling rates (Hilton
et al. 2004). However, Hilton et al. (2004) tested materials
used for nest construction by terrestrial birds, not water-
birds. We suggest that covering nests with wet material
may have similar (although not the exactly the same)
thermoregulatory benefits as burying eggs in the mounds of
decaying vegetation by megapodes (Megapodiidae) (Jones
et al. 1995). Saprogenic processes caused by bacterial
activity in such an incubation environment result in
increasing temperature which is beneficial for maintaining
the appropriate temperature for incubated eggs. Addition-
ally, the water body might also have a microclimatic
function because the water temperature is more stable over
the course of the day than the air temperature. Thus, the
microclimate in natural nests of grebes may have more
stable properties than samples of nests measured under
laboratory conditions. Water temperature might influence
the thermoregulatory properties of nest cups under natural
conditions. In turn, an association between covering eggs
by parents and water temperature needs to be examined.

Interpretation of these results may be partially limited
because the temperature was measured inside the nest cup
only, rather than directly on the egg surface (Hilton
et al. 2004) or with a thermistor embedded in the eggs
(Szentirmai et al. 2005), which seem to be more powerful
approaches than measuring temperature changes of the air
in the vicinity of the eggs. However, it is generally known
that egg temperature depends on the surrounding environ-
ment and therefore changes in the air temperature imme-
diately surrounding the eggs should predict also egg
cooling rates. Moreover, the cooling rate of the eggs may
be influenced by other variables such as the number of eggs
in the nest, their dimensions, thickness and porosity of
eggshells, and nesting stage. Thus, we are confident that
our measures provide a close to realistic view of thermo-
regulatory processes in the nest.

An alternative possibility for nest building behaviour
is that clutch covering may regulate incubation temper-
atures (Mayer et al. 2009). This explanation seems less
likely, however, because Little Grebes breed in shady
habitats unexposed to direct sunlight (Cramp and Sim-
mons 1977).

Second, the predation hypothesis states that open nests
suffer greater predation risk. This hypothesis was fully
supported by the field experiment with artificial nests;
open nests were more vulnerable to predation compared
to nests covered by dry or wet nest material. We suggest
that Marsh Harriers in particular are responsible for egg
losses, because waterbirds (Underhill-Day 1985), as well
as their eggs (Kreisinger and Albrecht 2008), are known
to be important parts of their diet. However, Eurasian
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Coots (Fulica atra) are also suspected of egg crushing.
They are known to be aggressive toward other birds
especially during breeding season (Cave et al. 1989) and
to destroy eggs intentionally (A. Trnka, pers. obs.).
Moreover, the species was highly abundant in our study
area. Thus, our results extend current knowledge regard-
ing the adaptive significance of covering clutches by birds
and agree with research conducted on other bird species
(Gotmark and Ahlund 1984; Salonen and Penttinen 1988;
Vacca and Handel 1988; White and Kennedy 1997,
Kreisinger and Albrecht 2008). The importance of cov-
ering clutches is particularly significant for grebes, whose
eggs are especially conspicuous within the first few days
after egg laying (the colour changes from white to
brown). Hence, the eggs of Little Grebes probably do not
serve a cryptic function (see Kilner 2006). Similarly, the
white colour of the eggs does not influence egg predation
rates on artificial nests of the closely related Great
Crested Grebes (Salonen and Penttinen 1988). In agree-
ment with Gotmark (1993) we suggest that evolutionary
pressures in this species particularly favour overall nest
crypsis, but not egg crypsis.

Future research should be focused on egg covering
behaviour under natural conditions as well as on mea-
suring thermal conditions of covered and uncovered
clutches using real Little Grebe’s eggs. Regarding the
former, it is questionable whether grebes always cover
their clutches or whether this behaviour is restricted to the
presence of a predator. For example, White-fronted Plo-
vers (Charadrius marginatus) cover their eggs only when
incubation is interrupted by an approaching human, but
not before other interruptions in incubation (Summers and
Hockey 1981). In this case, it would be suggested that
covering eggs primarily evolved as an antipredator strat-
egy. Primary selective forces responsible for clutch cov-
ering in grebes therefore require more direct observations
(e.g. measuring relationships between clutch covering
behaviour and predator abundance) and experiments in
the field. Regarding the latter focus of future research, we
cannot rule out the possibility that thermoregulatory
properties of Little Grebes’ eggs are different than ter-
restrial birds such as quails. Furthermore, cooling rates
should be compared inside eggs or at least on the egg
surface (e.g. Hilton et al. 2004; Szentirmai et al. 2005).
Examining thermoregulatory relationships using the above
described way in the laboratory and field conditions
would shed more light on a possible evolutionary origin
of clutch covering by grebes.

Acknowledgments We would like to thank Tomas Albrecht for
helpful comments on an earlier draft of the manuscript. We also
would like to thank two anonymous referees for their constructive
comments. The study was partially supported by the Slovak Grant
Agency for Science VEGA, project no. 1/0566/09.

References

Ackerman JT, Blackmer AL, Eadie JM (2004) Is predation on
waterfowl nests density dependent? Tests at three spatial scales.
Oikos 107:128-140

Agresti A (1992) A survey of exact inference for contigency tables.
Stat Sci 7:131-153

Albrecht T, Klvana P (2004) Nest crypsis, reproductive value of a
clutch and escape decisions in incubating female mallards (Anas
platyrhynchos). Ethology 110:603-613

Cave AJ, Visser J, Perdeck AC (1989) Size and quality of the Coot
(Fulica atra) territory in relation to age of its tenants and
neighbours. Ardea 77:87-97

Clark RG, Shutler D (1999) Avian habitat selection: pattern from
process in nest-site use by ducks? Ecology 80:272-287

Collias NE (1997) On the origin and evolution of nest building by
passerine birds. Condor 99:253-270

Collias NE, Collias EC (1984) Nest building and bird behaviour.
Princeton University Press, Princeton

Colombelli-Negrel D, Kleindorfer S (2009) Nest height, nest
concealment, and predator type predict nest predation in
superb-fairy wrens (Malurus cyaneus). Ecol Res 24:921-928

Cramp S, Simmons KEL (eds) (1977) Handbook of the birds of
Europe, the Middle East and North Africa. The birds of the
Western Palearctic, vol 1. Ostrich to ducks. Oxford University
Press, Oxford, p 722

Cresswell W (1997) Nest predation: the relative effects of nest
characteristics, clutch size and parental behaviour. Anim Behav
53:93-103

Flaspohler DJ, Temple SA, Rosenfield RN (2000) Relationship
between nest success and concealment in two ground-nesting
passerines. J Field Ornithol 71:736-747

Franklin DC (1995) Helmeted honeyeaters build bulkier nests in cold
weather. Auk 112:247-248

Glutz von Blotzheim UN, Bauer KM, Bezzel E (1987) Handbuch der
Vogel Mitteleuropas. Band 1. Gaviformes—Phoenicopterifor-
mes. AULA, Frankfurt am Main

Gotmark F (1993) Conspicuous nests may select for non-cryptic
eggs—a comparative study of avian families. Ornis Fenn
70:102-105

Gotmark F, Ahlund M (1984) Do field observers attract nest predators
and influence nesting success of common eiders? J Wildl
Manage 48:381-387

Hansell M (1996) The function of lichen flakes and white spider
cocoons on the outer surface of birds’ nests. J Nat Hist 30:303—
311

Hansell M (2000) Bird nests and construction behavior. Cambridge
University Press, London

Healy S, Walsh P, Hansell M (2008) Nest building by birds. Curr Biol
18:R271-R273

Hilton GM, Hansell MH, Ruxton GD, Reid JM, Monaghan P (2004)
Using artificial nests to test importance of nesting material and
nest shelter for incubation energetics. AUK 121:777-787

Hoi H, Winkler H (1994) Predation on nests: a case of apparent
competition. Oecologia 87:436-440

Jones D, Dekker R, Roselaar C (1995) The megapodes. Oxford
University Press, New York

Kilner RM (2006) The evolution of egg colour and patterning in birds.
Biol Rev 81:383-406

Kreisinger J, Albrecht T (2008) Nest protection in mallards Anas
platyrhynchos: untangling the role of crypsis and parental
behaviour. Funct Ecol 22:872-879

Low M (2004) Female weight predicts the timing of forced copulation
attempts in stitchbirds, Notiomystis cincta. Anim Behav 68:637—
644

@ Springer



22

J Ethol (2011) 29:17-22

Martin E (1992) Breeding productivity considerations: what are the
appropriate habitat features for management? In: Hagan JM III,
Johnston DW (eds) Ecology, conservation of neotropical migrant
landbirds. Smithsonian Institution Press, Washington, DC, pp
455-473

Martin TE (1993) Nest predation and nest sites: new perspectives and
old patterns. Bioscience 43:523-532

Martin TE, Scott J, Menge C (2000) Nest predation increases with
parental activity: separating nest site and parental activity
effects. Proc R Soc Lond B Biol Sci 267:2287-2293

Mayer PM, Smith LM, Ford RG, Watterson DC, McCutchen MD,
Ryan MR (2009) Nest construction by a ground-nesting bird
represents a potential trade-off between egg crypticity and
thermoregulation. Oecologia 159:893-901

Mickelson PG (1975) Breeding biology of cackling geese and
associated species on the Yukon-Kuskokwim Delta, Alaska.
Wildl Monogr 45:3-35

Montgomerie RD, Weatherhead PJ (1988) Risks and rewards of nest
defence by parent birds. Q Rev Biol 63:167-187

Opermanis O (2004) Appearance and vulnerability of artificial duck
nests to avian predators. J Avian Biol 35:410-415

Ricklefs RE (1969) An analysis of nesting mortality in birds.
Smithson Contrib Zool 9:1-48

Salonen V, Penttinen A (1988) Factors affecting nest predation in the
great crested grebe—field observations, experiments and their
statistical analysis. Ornis Fenn 65:13-20

@ Springer

Schmidt KA, Whelan CJ (1999) Nest predation on woodland
songbirds: when is nest predation density dependent? Oikos
87:65-74

Schuetz JG (2005) Common waxbills use carnivore scat to reduce the
risk of nest predation. Behav Ecol 16:133-137

Summers RW, Hockey PAR (1981) Egg-covering behavior of the
white fronted plover (Charadrius marginatus). Ornis Scand
12:240-243

Szentirmai I, Székely T, Liker A (2005) The influence of nest size on
heat loss in penduline tit eggs. Acta Zool Acad Sci Hung 51:59—
66

Trnka A (1999) Birds of fishponds in northwestern part of Podunajska
nizina lowland, Part I. Trnava University Press, Trnava, p 95

Underhill-Day JC (1985) The food of breeding Marsh Harriers Circus
aeruginosus in East Anglia. Bird Study 32:199-206

Vacca MM, Handel C (1988) Factors influencing predation associated
with visits to artificial goose nests. J Field Ornithol 59:215-223

Valera F, Hoi H, Schleicher B (1997) Egg burial in penduline tits,
Remiz pendulinus: its role in mate desertion and female
polyandry. Behav Ecol 8:20-27

Weidinger K (2004) Relative effects of nest size and site on the risk of
predation in open nesting passerines. J Avian Biol 35:515-523

White W, Kennedy ED (1997) Effect of egg covering and habitat on
nest destruction by house wrens. Condor 99:873-879



	Why do grebes cover their nests? Laboratory and field tests of two alternative hypotheses
	Abstract
	Introduction
	Methods
	Collecting nest materials
	Laboratory experiment
	Field experiment
	Statistical analyses

	Results
	Laboratory experiment
	Field experiment

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


