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Abstract 

Individual marking is an essential method in avian ecological research, yet the 
potential ecological effects of  tagging remain a concern. In this study, we investigated 
whether the presence of  neckbands on Greater White-fronted Geese Anser albifrons 
affected the probability an individual was paired to another at a spring migratory 
stopover. Videos (15–30 min in duration) were recorded for 25 neck-banded and 25 
randomly selected unmarked geese. From visual assessment of  the behaviour of  
focal birds, pairing status (single or paired) was assessed for each. Our results found 
that over 70% of  the neck-banded Greater White-fronted Geese were paired, and 
that there was no significant difference in pairing status between neck-banded and 
unmarked geese. Further studies with bigger sample sizes and using more advanced 
methods are needed to assess potential impacts of  neckbands on the pairing status 
of  Greater White-fronted Geese in greater detail. 
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Plastic coloured neckbands have been 
widely used for marking and thus identifying 
individual geese and swans (Marion & Shamis  
1977). In recent decades, they have become 
even more popular as a method for 
attaching tracking devices to birds (Kays  
et al. 2015). Yet, as shown in many previous 
studies, neckbands (like other marking 
methods) can affect different aspects of  

birds’ biology, including performance of  
different types of  behaviour, reproductive 
success, body condition and survival  
(Calvo & Furness 1992; Barron et al. 2010). 
Moreover, the same marking technique can 
have varying effects across species, even 
closely related ones, due to differences in 
anatomy, feather colouration, ecology and 
behaviour (Clausen & Madsen 2014; Thaxter  
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et al. 2016; Eldegard et al. 2024). The effects 
of  neckbands on survival in geese are 
complicated and appear to vary between 
species. For example, there was no evidence 
found for them influencing survival in a 
study on Greater Snow Geese Anser 

caerulescens (Reed et al. 2005), but an increase 
in mortality related to neck-banding was 
demonstrated in some other goose species 
including Canada Geese Branta canadensis, 
Greater White-fronted Geese Anser albifrons 

(Alisauskas & Lindbeg 2002) and Ross’s 
Geese Chen rossii (Caswell et al. 2005). 
Among the reasons for enhanced mortality, 
the authors mention icing of  the neckbands, 
increased risk of  predation and extra 
energetic costs arising from wearing the 
neckbands, as well as hunters selectively 
shooting neck-collared birds. 

Several studies of  various goose species 
have shown that neckbands can also affect 
their reproductive success. For example, 
marking individuals with neckbands was 
associated with a decrease in body mass  
in Greater Snow Geese, resulting in  
reduced breeding propensity (Reed et al. 
2005; Legagneux et al. 2013). Decreased 
reproductive success was similarly attributed 
to increased energy demands caused by 
wearing a neckband in Emperor Geese Anser 

canagicus (Schmutz & Morse 2000), but no 
effects of  neckbands were found on a visual 
score of  body condition recorded for Pink-
footed Geese Anser brachyrhynchus (Clausen & 
Madsen 2014). Another mechanism by 
which neckbands can have a negative effect 
on reproductive success was found in Brent 
Geese Branta bernicla: by covering the 
necklace, which is important for mate choice 
and individual recognition, neckbands 

lowered the social rank of  competing birds 
(Abraham et al. 1983) and reduced nesting 
success (Lensink 1968). In contrast, no  
effect of  neckbands on reproductive success 
was found in Canada Geese, which also  
have contrasting neck feathers colouration 
(MacInnes & Dunn 1988). In Greater White-
fronted Geese, the impact of  neckbands on 
reproductive success remains unexplored. In 
addition, the majority of  studies reporting 
neckband-caused decreases in reproductive 
success have focused on nesting success and 
clutch size (MacInnes & Dunn 1988; 
Schmutz & Morse 2000; Reed et al. 2005) 
rather than on pairing status itself  (single or 
paired), despite pair bond interactions being 
crucial throughout the year in geese, which 
are lifelong monogamous birds (Black & 
Owen 1988; Black 2001).  

As an initial step in studying the impact  
of  neckbands on reproductive success in 
Greater White-fronted Geese, it consequently  
seems worthwhile to assess whether 
neckbands influence pairing status in this 
species. Here, we define the term “pairing 
status” as whether a focal goose has a social 
mate or not, based on persistent close 
association in the field (in contrast to 
“mating status” which relates to whether 
copulation has occurred or not). In this 
study, we compared the proportion of  single 
and paired birds between samples of  neck-
banded and random unmarked Greater 
White-fronted Geese. 

Methods 

Data collection 

Fieldwork was carried out in 2022 (30 April–
9 May) and 2023 (29 April–10 May) in the 
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“Kologrivskaya Poima” Regional Nature 
Reserve located in the Kostroma region of  
Russia (58.816°N, 44.300°E; Supporting 
Materials Fig. S1). This nature reserve 
covers the right-bank floodplain of  the 
River Unzha, opposite the town of  
Kologriv, and is known as an annual spring 
migratory stopover for 10,000–15,000 wild 
geese, mainly Greater White-fronted Geese 
(Glazov & Loshchagina 2022).  

Cameras (a Nikon D7500 with an AF-P 
NIKKOR 70–300 mm 1:4.5–6.3 ED lens, 
and a Canon EOS 1100D with a Canon  
EF 75–300 mm 1:4–5.6 III lens) and 
smartphones attached to telescopes (Zeiss 
DiaScope 65 FL) were used to make 15– 
30 min (mean ± s.d. = 24 ± 4.6 min) video 
recordings of  neck-banded and randomly 
selected unmarked geese. To keep disturbance  
to the birds to a minimum, all video 
recordings were taken from the roadside at a 
distance of  50–250 m from the focal geese. 
A total of  50 different birds were filmed,  
of  which 25 had neckbands and a further  
25 were unmarked geese. Unmarked geese 
were filmed only once, while for each  
neck-banded goose there were 1–6 different 
videos, each filmed on different days (1 video  
for each of  9 geese, 2 videos for 7 geese,  
3 videos for 3 geese, 4 videos for 3 geese,  
5 videos for 1 goose, and 6 videos for 2 
geese). 

To ensure that unmarked geese chosen  
as focal birds for observation were selected 
at random from within the flock, a special 
technique was developed: before the 
recording started the camera lens was 
pointed towards the flock, then covered 
with a lens cap, zoomed in, and the lens cap 
was then removed. The bird which appeared 

in the centre of  the camera screen was 
chosen as the focal bird. Since several 
thousand Greater White-fronted Geese 
were observed simultaneously every day 
during the study, the chance of  recording 
the same unmarked focal bird in different 
videos was insignificant. Thus, we considered  
all the focal unmarked geese to be different 
individuals.  

Greenland White-fronted Geese Anser  

a. flavirostris usually form pairs in their 
second or third year, with the mean age  
of  pair formation being 2.46 years (Warren 
et al. 1992). This can be assumed to be true 
for other Greater White-fronted Goose 
subspecies and, therefore, to ensure that 
only geese of  suitable age for pair formation 
were analysed, young birds without a clear 
black belly bar were not filmed. Since the 
black pattern on the bellies of  Greater 
White-fronted Geese does not normally 
appear until their second year (Boyd 1953), 
all birds recorded were considered to be no 
younger than in their second spring. 

Using the geese.org database (at https:// 
www.geese.org), the ringing location, age of  
the geese at the time of  ringing and the time 
since first fitted with a neckband were 
determined for each of  the neck-banded 
individuals (Supporting Materials Table S1). 
All the filmed geese were neck-banded on 
their wintering grounds, at the migratory 
stopover site (this study site) or on the 
moulting grounds, where geese of  all ages 
and different pairing status are equally likely 
to be captured. The neck-banded geese had 
all been wearing their neck collars for > 1 
year before the start of  this study, and the 
time that each had worn a neckband ranged 
1–10 years, with a mean (± s.d.) duration of  

https://www.geese.org
https://www.geese.org
https://www.geese.org
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4.1 ± 2.5 years. Geese ringed one year prior 
to our study were already adults at the time 
of  capture. Thus, the neck-banded geese 
were at least in their third spring, although 
the ringing data available did not allow us to 
obtain a more accurate estimate of  the age 
structure of  the birds sampled. 

Pairing status analysis 

According to a previous study of  Greater 
White-fronted Geese at the same migratory 
stopover site, paired birds kept a distance  
≤ 2 m from each other for at least 74% of  
the time during 20 min observation periods 
(Polikarpova et al. 2024). That study found a 
significant difference in the percentage  
of  time that focal geese spent at a distance  
of  ≤ 2 m from their partners (74%–100%), 
in comparison with other random geese  
in the flock (1%–65%), with 74% being  
the lowest value recorded for paired birds. 
In the current study, if  a focal goose was 
accompanied by another bird, which stayed 
within 2 m of  the focal bird for > 74%  
of  the time, the focal goose therefore was 
considered to be paired. This method was 
used for both marked and unmarked birds. 

For additional validation of  the accuracy 
of  pair identification by this method, we 
also used repeated observations of  the same 
marked birds (we had repeated observations 
for 16 of  25 marked geese). Additional videos  
of  the same marked birds were recorded on 
different dates in the same year and at the 
same site. Since the black barring pattern on 
the bellies of  Greater White-fronted Geese 
does not change during the season and 
varies between individuals (Kristiansen  
et al. 1999), these patterns can be used  
for individual identification of  geese. The 

pattern of  the black belly bars on birds 
spending > 74% of  the time near the focal 
bird was compared in videos recorded on 
different days. In all cases, geese spending  
> 74% of  the time near the focal birds had 
the same black barring pattern in the videos 
recorded on different days. Therefore, the 
method of  74% of  the time was considered 
to be appropriate for determining the pairing  
status of  Greater White-fronted Geese. 

Statistical analysis 

Statistical analysis was conducted in PAST 
software, using a χ2 test to evaluate the 
difference in pairing status of  neck-banded 
and unmarked geese. The assumptions of  
χ2 test were met (McHugh 2013). 

Results 

Among the 25 neck-banded geese, 18 
individuals (72%) were associating with a 
bird that spent > 74% of  the recorded time 
within 2 m, and were therefore classified 
paired. Among the sample of  unmarked 
geese, 20 of  25 (80%) individuals were 
paired according to this criterion (Supporting  
Materials Table S2). The proportion of  
paired and single birds did not differ 
between neck-banded and unmarked Greater  
White-fronted Geese (χ2

1 = 0.44, n.s.). 

Discussion 

In our study, more than 70% of  neck-banded  
birds were paired, slightly fewer (but not 
statistically significantly so) than among 
unmarked birds. This indicates that 
neckbands do not have a strong and obvious 
impact on an individual’s pairing status 
through its main components: pair bond 
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maintenance and, to some extent (given  
the age of  the neck-banded birds included 
in the study), pair bond formation in 
Greater White-fronted Geese. Nevertheless, 
a potential subtle effect of  neckbands on 
pairing status may have been obscured by 
the limited sample size and possible age 
differences between the birds observed. 

Neckbands have previously been shown 
to have an adverse effect on the pairing 
success of  Brent Geese (Lensink 1968; 
Abraham et al. 1983). The authors suggested 
that neckbands may inhibit pair bonding  
of  marked individuals by obscuring the 
contrasting white necklace, which in that 
species is thought to play an important role 
in intraspecific competition and mate 
choice. Furthermore, they assumed that the 
necklace phenotype is involved in individual 
recognition, and therefore marking with 
neckbands may cause pair bond breakdown 
in Brent Geese. The mechanism of  mate 
choice in Greater White-fronted Geese 
remains unclear, but for some other goose 
species (Canada Geese and Greater Snow 
Geese), the image of  a future partner has 
been shown to be based on parental 
imprinting (Cooke & McNally 1975; 
Fabricius 1991), so the appearance of  an 
individual should in some way affect mate 
choice.  

The lack of  a significant effect of  
neckbands on pairing status in Greater 
White-fronted Geese allows us to speculate 
that individual recognition in existing 
partnerships and probably mate choice are 
less dependent on neck feather colouration 
in this species than in Brent Geese. It may 
well be the case that other individual 
features that are unaffected by tagging with 

neckbands should be more important in  
the mechanisms of  pair bond formation  
and maintenance. Certainly young Greenland  
White-fronted Geese fitted with neckbands 
in their first-winter appear to have no 
problem finding mates after they disassociate  
from their parents (A.D. Fox, pers. comm.). 
However, it is important to note that in our 
own study we did not know whether pairs 
were established before or after neck-
banding. Assessing the separate effects of  
neckbands on pair formation (mate choice) 
and pair bond maintenance (individual 
recognition) may reveal more information, 
which is not available when both aspects of  
pairing status are analysed together. Since 
our sample included mostly geese neck-
banded as adults, our results primarily 
determine the effect of  neckbands on pair 
bond maintenance and only to some extent 
on pair bond formation. To investigate  
the impact of  neck-banding on the creation 
of  pair bonds, a study on geese neck-banded 
as juveniles is required.  

It should be noted that, in Greenland 
White-fronted Geese, parent-offspring and 
sibling-sibling associations may persist for 
many years (Weegman et al. 2016), which 
may also be true for other subspecies. In the 
current study, we did not distinguish between  
these possibly observed family associations 
and male-female pairs. However, the 
probability of  observing another family 
association was the same in the samples of  
neck-banded and unmarked geese. 

A serious limitation of  the data is a 
potential age bias between the neck-banded 
and unmarked geese. While the age of  
marked geese all varied beyond their third 
spring, some of  the unmarked geese in our 
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study could possibly have been in their 
second spring. Previously, Boyd (1954) 
reported that three of  27 (11%) three-year 
old or older Greater White-fronted Geese 
were unpaired on the wintering grounds, 
and one out of  20 (5%) was single in their 
fourth winter or later. Based on these data, it 
can be assumed that 90% of  geese are 
paired after reaching their third winter and 
this proportion does not differ in older age 
classes. Hence, all geese older than their 
third winter have a similar probability of  
being paired; second spring geese less so. 
Boyd’s (1954) age structure model of  
wintering Greater White-fronted Geese 
estimated that 21%–37% of  adult geese 
(2nd calendar year and older) were second-
winter birds, of  which approximately  
half  were already paired (Warren et al.  
1992). Therefore, a third (or fewer) of  the 
unmarked birds in our sample could have 
been less likely to be paired than the neck-
banded geese. This bias should be 
considered as a significant limitation; 
however, most neck-banded birds were 
nonetheless paired. Further research on 
larger samples of  known and similarly aged 
birds is needed for making more detailed 
conclusions about the potential impacts of  
neckbands on the pairing status of  Greater 
White-fronted Geese. 

In conclusion, this study shows that over 
70% of  neck-banded Greater White-fronted 
Geese were paired, a proportion consistent 
with that observed in unmarked geese, 
suggesting no obvious effect of  neck-
banding on pairing status in this species. 
However, the limitations of  this study did 
not permit the detection of  more subtle 
effects of  neckbands on the birds’ pairing 

status, including pair bond formation and 
maintenance. As a starting point for further 
research, this study provides a general 
understanding of  the scientific questions 
being raised and highlights constraints that 
need to be overcome in future. 

Acknowledgements 

We would like to express our sincere 
gratitude to all the participants who took 
part in collecting materials and conducting 
ornithological observations during the 
expeditions of  2022–2023. We thank the 
administration of  the Kostroma region  
for the permission to work on the territory 
of  the Regional Strict Nature Reserve 
“Kologrivskaya Poima” and the 
administration of  the Nature Reserve of  
Federal Significance “Kologrivsky Forest” 
for accommodation and substantial 
assistance with the logistics of  the 
expeditions. We are also grateful to all the 
organisations, researchers, and volunteers 
who coordinate and carry out goose 
marking. The study was supported by the 
Russian Science Foundation (grant number: 
22-24-00346) and the Russian Ministry of  
Science and Higher Education (project  
No. FMWS-2024-0007). Four anonymous 
referees, Dr Eileen C. Rees and Prof. Tony 
Fox made helpful comments on an earlier 
draft of  the text. 

References 

Abraham, K.F., Ankney, C.D. & Boyd, H. 1983. 
Assortative mating by brant. Auk 100: 201–
203. 

Alisauskas, R.T. & Lindbeg, M.S. 2002. Effects of  
neckbands on survival and fidelity of  white-
fronted and Canada geese captured as non-



218  Effects of  neckbands on Greater White-fronted Geese

Wildfowl (2025) 75: 212–219

breeding adults. Journal of  Applied Statistics  
29: 521–537. 

Barron, D.G., Brawn, J.D. & Weatherhead, P.J. 
2010. Meta-analysis of  transmitter effects  
on avian behaviour and ecology. Methods in 

Ecology and Evolution 1: 180–187.  
Black, J.M. 2001. Fitness consequences of  long-

term pair bonds in barnacle geese: monogamy  
in the extreme. Behavioral Ecology 12: 640– 
645.  

Black J.M. & Owen M. 1988. Variations in pair 
bond and agonistic behaviors in barnacle 
geese on the wintering grounds. Wildfowl in 

winter 1: 39–57. 
Boyd, H. 1953. On encounters between wild 

White-Fronted Geese in winter flocks. 
Behaviour 5: 85–128. 

Boyd, H. 1954. White-Fronted Goose statistics, 
1952–53. The Wildfowl Trust Annual Report  
6: 73–79. 

Calvo, B. & Furness, R.W. 1992. A review of  the 
use and the effects of  marks and devices on 
birds. Ringing & Migration 13: 129–151.  

Caswell, J.H., Alisauskas, R.T. & Leafloor, J.O. 
2005. Effect of  neckband color on survival 
and recovery rates of  Ross’s geese. Journal of  

Wildlife Management 76: 1456–1461. 
Clausen, K.K. & Madsen, J. 2014. Effects of  

neckbands on body condition of  migratory 
geese. Journal of  Ornithology 155: 951–958. 

Cooke, F. & McNally, C.M. 1975. Mate selection 
and colour preferences in Lesser Snow 
Geese. Behaviour 53: 151–169.  

Eldegard, K., Furnes, M.W., Grainger, M.J., Moe, 
B., Sandercock, B.K., Sonerud, G.A., Ytrehus 
B., Rueness, E., Sayyari, A., Kirkendal, L., 
Granquist, E. & Kausrud, K. 2024. Effects of  

Capture, Marking, and Tracking on the Welfare  

of  Wild Birds. Scientific Opinion of  the 
Norwegian Scientific Committee for Food 
and Environment, VKM Report 2024:03. 
Norwegian Scientific Committee for Food 
and Environment (VKM), Oslo, Norway. 

Fabricius, E. 1991. Interspecific mate choice 
following cross fostering in a mixed colony 
of  Greylag Geese Anser answer and Canada 
Geese Branta canadensis. A study on 
development and persistence of  species 
preferences. Ethology 88: 287–296.  

Glazov, P.M. & Loshchagina, J.A. 2022. Spring 
stopovers of  geese in Kologriv. In P.V. 
Boyarsky (ed.), Islands and Archipelagos of  the 

Kara Sea, the Yamal and Taimyr Peninsulas, pp. 
532–534. Institut Naslediia Publ., Moscow, 
Russia. [In Russian.] 

Kays, R., Crofoot, M.C., Jetz, W. & Wikelski, M. 
2015. Terrestrial animal tracking as an eye on 
life and planet. Science 348.6240: aaa2478.  

Kristiansen, J., Walsh, A., Fox, A., Boyd, H. & 
Stroud, D. 1999. Variation in the belly 
barrings of  the Greenland White. Wildfowl 
50: 21–28. 

Legagneux, P., Simard, A.A., Gauthier, G. & Bêty, 
J. 2013. Effect of  neck collars on the body 
condition of  migrating greater snow geese. 
Journal of  Field Ornithology 84: 201–209.  

Lensink, C.J. 1968. Neckbands as an inhibitor of  
reproduction in black brant. The Journal of  

Wildlife Management 32: 418–420.  
MacInnes, C.D. & Dunn, E.H. 1988. Effects of  

neck bands on Canada Geese nesting at the 
McConnell River. Journal of  Field Ornithology 

59: 239–246.  
Marion, W.R. & Shamis, J.D. 1977. An annotated 

bibliography of  bird marking techniques. 
Bird Banding 48: 42–61.  

McHugh, M.L. 2013. The chi-square test of  
independence. Biochem Med (Zagreb) 23: 143–
149. 

Polikarpova, D., Babkina, O., Loshchagina, J., 
Glazov, P., Litvin, K. & Zaynagutdinova, E. 
2024. Males and females of  the Greater 
White-fronted Goose Anser albifrons divide 
behavioural roles at a spring migratory 
stopover. Biological Communications 69: 90–
104. 



Effects of  neckbands on Greater White-fronted Geese  219

                                                                                                                          Wildfowl (2025) 75: 212–219

Reed, E.T., Gauthier, G. & Pradel, R. 2005. 
Effects of  neck bands on reproduction and 
survival of  female greater snow geese. Journal 

of  Wildlife Management 69: 91–100.  
Schmutz, J.A. & Morse, J.A. 2000. Effects of  

neck collars and radio transmitters on 
survival and reproduction of  emperor geese. 
Journal of  Wildlife Management 64: 231–237.  

Svensson, L. 2022. Collins Bird Guide. 3rd Edition. 
Harper Collins Publishers, Dublin, Ireland. 

Thaxter, C.B., Ross Smith, V.H., Clark, J.A., 
Clark, N.A., Conway, G.J., Masden, E.A., 
Wade, H.M., Leat, E.H., Gear, S.C. & Marsh, 
M. 2016. Contrasting effects of  GPS device 

and harness attachment on adult survival  
of  Lesser Black backed Gulls Larus fuscus and 
Great Skuas Stercorarius skua. Ibis 158: 279–290.  

Warren, S.M., Fox, A., Walsh, A. & O’Sullivan, P. 
1992. Age of  first pairing and breeding 
among Greenland white-fronted geese. 
Condor 94: 791–793.  

Weegman, M.D., Bearhop, S., Hilton, G., Walsh, 
A.J., Weegman, K.M., Hodgson, D.J. & Fox, 
A.D. (2016) Should I stay or should I go? 
Fitness costs and benefits of  prolonged 
parent-offspring and sibling associations in 
an Arctic-nesting goose population Oecologia 

181: 809–817. 

Photograph: Greater White-fronted Geese in flight near Kologriv, Kostroma Oblast, Russia, by Olga 
Babkina.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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


