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1 Úvod 
 

Draví ptáci stojí na vrcholu potravních řetězců a jsou proto velice důležitým 

bioindikátorem stavu životního prostředí. S velkým poklesem početnosti dravců v 70.  

a 80. letech 20. století vlivem různých faktorů, se rozrostl zájem o tuto skupinu ptáků  

a dravci se stali jednou z nejzkoumanějších skupin živočichů (např. White et al. 2002). 

Vlivem různých vypouštěcích programů, změn v legislativě a dalších faktorů se úbytek 

některých populací zastavil a stavy některých dokonce vzrostly (např. Heinrich 2009; 

Jones et al. 1994). Od té doby se na význam dravců - ukazatele stavu životního prostředí  - 

pozapomnělo a v posledních letech se dostali do pozadí za ptáky ohrožované stávajícími 

problémy 21. století (např. ptáky polní krajiny). A právě jedním z nejvýznamnějších 

problémů dnešní doby jsou změny v přirozeném prostředí dané fragmentací, urbanizací  

a intensifikací zemědělství. S urbanizací přírodních biotopů se kromě ptáků musí potýkat 

také ostatní druhy živočichů. Generalisté (druhy s širokou valencí) se poměrně rychle 

přizpůsobili a proto není překvapením zastihnout dříve velice plachá zvířata jako například 

lišky obecné (Vulpes vulpes) a srnce obecného (Capreolus capreolus) v parcích a zelených 

částech intravilánů měst a obcí. Vzhledem k velice rychlému celosvětovému rozvoji 

urbánních biotopů a s tím spojených následků postihujících zvířata ve volné přírodě 

(Palmer et al. 2004) je poměrně málo známo o biologii a ekologii druhů obývajících 

urbánní prostředí. Badatelé se tradičně soustředí na „neposkvrněné“ biotopy (McDonnell 

1997) a tak základní ekologické procesy v urbánním prostředí zůstávají málo probádané,  

i když toto prostředí je svým způsobem velice zajímavé (např. Lancaster et al. 1979;   

Savard et al. 2000). 

S rozvojem civilizace, intenzivním nárůstem výstavby měst a novou infrastrukturou 

se zvířata musí vypořádávat s novým, stále se měnícím prostředím. Mechanismus 

invazivního osidlování měst a urbánních biotopů byl dosud poměrně málo studován. První 

studie byly provedeny teprve až, když se jednotlivé populace živočichů usídlily v určité 

oblasti (např. Bird et al. 1996; Andersen & Plumpton 2000). S větším množstvím druhů 

osidlujících urbánní prostředí vzrostl zájem vědců o studium „nového“ prostředí, kde 
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Abstract: Pigeon, doves and songbirds are hosts of the parasite Trichomonas gallinae (Rivolta, 1878), which causes avian trichomo-
nosis. Raptors are infected when they digest infected prey. A high percentage of the diet of Eurasian sparrowhawk Accipiter nisus 
(Linnaeus) is comprised of birds. During the breeding season 2012 and 2013, we clinically tested 298 nestling Eurasian sparrowhawks 
from urban and rural areas of the Czech Republic for the presence of trichomonads. Sparrowhawk nestlings in the urban area were more 

2 = 6.184, P = 0.045). The number of infected nestlings dropped in the urban 

from infected sparrowhawk nestlings belonged to Trichomonas gallinae.

Keywords: Accipiter nisus, avian trichomonosis, ITS region, Trichomonas gallinae, SSU rDNA

The Eurasian sparrowhawk Accipiter nisus (Linnaeus) 
is a common raptor that preferably breeds in woods and 

prey and sparrowhawks have been found to be breeding 
in various towns and cities across Europe (Fraissinet and 
Fulgione, 2008). Prague city has been colonised by spar-
rowhawks since the early 1980’s and the population varies 
between 45–55 breeding pairs (Peške in Fuchs et al. 2002). 

-
ards such as a higher risk of collision and an increased con-
centration of diseases (Chase and Walsh 2006). 

Urban pigeons and doves are frequently reported to 
be infected by various diseases including trichomonosis 
caused by Trichomonas gallinae (Rivolta, 1878) (Phan et 
al. 2013). Trichomonosis was also found in songbirds such 

Carduelis chloris (Linnaeus), 
Fringilla coelebs

Coccothraustes coccotraustes (Linnaeus), and Eurasian 
blue tit, Cyanistes caeruleus (Linnaeus) in western and 
northern Europe (Robinson et al. 2010). Since small and 
medium-sized birds comprise 97% of the sparrowhawk’s 
diet during the breeding season (Newton 1986), the spar-
rowhawks have a high probability of encountering the par-
asite through ingestion of infected prey. 

Modern molecular techniques allow genetic charac-
terisation of the strains found in infected birds. By using 
the ITS region (ITS1-5.8S rDNA-ITS2) and SSU rDNA 
(small subunit ribosomal RNA gene), the diversity of the 

Trichomonadidae has been examined in various studies 
(Kleina et al. 2004). However, only a few studies charac-
terised T. gallinae from birds of prey using molecular data 
(Krone et al. 2005, Sansano-Maestre et al. 2009, Chi et al. 
2013). 

The main aim of the present study was to determine the 
prevalence of trichomonads in Eurasian sparrowhawks in 
the urban population of Prague and the rural population in 
northern Bohemia. A higher infection rate in urban spar-
rowhawks was suggested because of the high concentra-
tion of birds, especially pigeons (Fuchs et al. 2002). Ad-
ditionally, we determined the genotype of trichomonads 
from sparrowhawks.

MATERIALS AND METHODS

area of Prague, Czech Republic (~240 km2 – a circle in the cen-
tral Prague with a radius of 8.7 km), where sparrowhawks breed 
in parks, gardens, cemeteries and urban greenery. The second 
study area was situated in the ‘rural’ Liberec region of north Bo-
hemia, where sparrowhawks are found in large blocks of forest. 
The distance between the two areas is approximately 100 km, 
which is large enough to eliminate any contact between the two 
populations during the breeding season (Fig. 1). The maximum 
home range size was found to be 12.3 km2 for females in Nor-
way (Selas and Rafos 1999). In both areas the data collection was 
conducted during the breeding season from May to July 2012 and 
2013. Sparrowhawks’ nestlings (at the age of 20–24 days) were 
clinically tested for the presence of trichomonads using InPouch 

http://folia.paru.cas.cz
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TF Tritrichomonas foetus (Riedmüller, 1928) test kits (Biomed 
Diagnostics, San Jose, California, USA), suitable for diagnosis 
of Trichomonas gallinae (see Cover et al. 1994). Swab samples 
were collected from the oral cavity, transferred into the InPouch 
medium, cultured in 37 °C for 6 days and examined microscopi-

-
lected cultures from 2013 positive for the presence of trichomon-
ads were subsequently transferred into TYM medium (Diamond 
1957). The cultures were maintained at 37 °C and subcultured 
every 3–4 days. A genomic DNA Mini Kit (Blood/Cultured Cell) 
(Geneaid, New Taipei City, Taiwan) was used to isolate DNA 
from the cultures and lysate of smear from the oral cavity of one 

Primers 16Sl (TACTTGGTTGATCCTGCC; Tachezy et al. 2002) 

were used to amplify SSU rDNA and ITS region together. The 

used to purify the PCR products. Subsequently they were bidirec-
tionally sequenced on the ABI Prism 3100-Avant Genetic Ana-
lyzer (Applied Biosystems, Waltham, USA) using primer 1055 
F (GGTGGTGCATGGCCG) in order to determine the sequence 
of the ITS region. Since all isolates had an identical sequence of 
the ITS region, SSU rDNA sequence was determined from only 
a single one (CB) using primers 16Sl, 514F (GTGCCAGCM-
GCCGCGG), 1385R (GATCCTAACATTGTAGC), 1055R (CG-
GCCATGCACCACC), 665R (ATACWCTAAGCGTCCTG), and 
295R (AGTCCGACGGTAACCGC). Sequence data reported in 
this paper are available in GenBank under accession numbers 
KM095107 and KM095108.

We used R 2.12.0 (R Core Team 2010) for statistical analy-
sis of the infection (binomial response – positive versus negative 
test). A series of models was created in order to shed light on 
the effect of individual variables. Three factors were taken into 
consideration: the sex of the nestling, the locality and the number 
of nestlings in the nest. Finally, the nested model with the effect 
of year was used. The data were tested for overdispersion (< 1) 
before the statistical analysis was performed. Comparisons of the 
models using ANOVA function followed after removal of each 

Map of study areas in the Czech Republic.

term and their interactions and only the factors of which removal 

in the resulting model.

RESULTS
The presence of trichomonads was tested in 168 nest-

lings from 23 urban nests (94 nestlings) and 17 rural nests 
(74 nestlings) in 2012 and in 130 nestlings from 19 ur-
ban nests (76 nestlings) and 14 rural nests (54 nestlings) 
in 2013. The presence of trichomonads was detected in 31 
and 4 nestlings in Prague and 9 and 9 nestlings in Liberec 
region in 2012 and 2013, respectively (Table 1). In spite 
of the high percentage of parasitised birds in 2012, only 
a few birds with macroscopic lesions in the oral cavity 
were found. In contrast, all positively tested birds in 2013 
showed necrotic lesions in the oral cavity. Statistical analy-
sis revealed that triple interactions (year : sex : pull) were 

2 = 10.232, df = 6, P = 0.115) and were 
consequently removed from following analyse. Male and 

-
2 = 3.203, df = 2, P = 0.201). The prevalence of in-

fection caused by trichomonads in sparrowhawk nestlings 
2 = 6.184, df = 2, 

P = 0.045). The number of nestlings in the nest was also 
2 = 28.19, df = 2, 

P < 0.001), i.e. it affects the prevalence of trichomonads 
among the sparrowhawk nestlings. The infection risk in 
the urban area of Prague in 2012 was higher with more 
nestlings in the nest. However, the infection risk declined 
with more nestlings on the nest in the rural area of Liberec 
region in 2012. The results from 2013 show similar pattern 
for both the urban and rural environments (Fig. 2).

Sequences of the ITS region of all nine isolates were 
identical and showed 98–100% homology with sequenc-
es of Trichomonas gallinae in GenBank. Phylogenetic 
analysis indicated that our isolates belong to the T. gall-
inae

identical with 15 GenBank sequences that represented 
93 isolates obtained from birds of prey, songbirds, co-
lumbids and parrots in Europe, North America and Aus-
tralasia (Table 2). The SSU rDNA sequence of the isolate 
CB was identical with the GenBank sequence HG008106 
of T. gallinae

isolates. 

 Number of nests and nestlings related to the presence 
of trichomonads in urban and rural areas of the Czech Republic 
during 2012–2013.

 2012 2013

Locality infected nests infected chicks infected nests infected chicks
 n % n % n % n %

Urban 8 35 31 33 2 11 4 5
Rural 3 18 9 12 3 21 9 17
Urban – Prague; rural – rural Liberec region. 
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DISCUSSION
The origin of Trichomonas gallinae in sparrowhawks is 

unknown but feeding on infected prey such as pigeons and 
songbirds is considered the most likely source (Krone et al. 
2005). For a better understanding of the prevalence of the 
disease in sparrowhawk chicks, long-term study would be 
necessary. Nevertheless, results show a certain similarity 
in the prevalence of trichomonosis in sparrowhawk chicks 
from the rural area. Contrary to the rural area the urban 
area shows a year-on-year difference. Based on the results, 

it is possible that the natural prevalence of trichomonosis 
in sparrowhawk chicks is somewhere between 5% and 
15%. This is similar to other accipiter hawks in rural ar-
eas such as the northern goshawk (Accipiter gentilis) (Lin-
naeus) (Cooper and Petty 1988) and Cooper’s hawk – Ac-
cipiter cooperii (Bonaparte) (Boal et al. 1998). There was 
a considerably higher infection rate in sparrowhawk chicks 
in the urban area in 2012. Such a situation could be caused 
by the pandemic outbreak of trichomonosis in songbirds in 
the central part of the Czech Republic reported by the State 

Infection rate of Trichomonas gallinae (Rivolta, 1878) in Eurasian sparrowhawk, Accipiter nisus (Linnaeus), versus brood size 
in urban and rural areas 2012–2013.

 List of hosts infected by Trichomonas gallinae (Rivolta, 1878) with identical ITS region, their GenBank accession numbers 
and additional information. 

Host GenBank sequence Isolate(s) Origin Reference

Birds of prey

Accipiter cooperi (Bonaparte) EU215369 Cooper’s hawk 4 USA Gerhold et al. (2008)
Accipiter nisus (Linnaeus) KM085108 CB (+ 8 others) Czech Republic Present study
Aquila fasciata (Vieillot) EU881915 R1905 Spain Sansano-Maestre et al. (2009)
Falco tinnunculus Linnaeus EU881916 R2015 Spain Sansano-Maestre et al. (2009)
Tyto alba (Scopoli) EU881913 R506 Spain Sansano-Maestre et al. (2009)
Songbirds

Carduelis chloris (Linnaeus) HG008050 8800-3-C1 (+ 60 others) Austria Ganas et al. (2014)
HG008050 TGAL-A, TGAL-B Slovenia Ganas et al. (2014)

Carpodacus mexicanus (Statius Müller) EU290649 n.a. USA not published
Coccothraustes coccothraustes (Linnaeus) HG008050 000091 Austria Ganas et al. (2014)
Emberiza citrinella Linnaeus HG008050 1914-2 Austria Ganas et al. (2014)
Fringilla coelebs Linnaeus HG008050 TGAL-SCIN Slovenia Ganas et al. (2014)
Fringilla montifringilla Linnaeus HG008050 TGAL-PIN Slovenia Ganas et al. (2014)
Haemorhous mexicanus (Statius Müller) EU215369 USA Gerhold et al. (2008)
Columbids

‘Australasian columbid’ JQ755279 BBK (+ 4 others) ‘Australasia’ not published
‘Australasian columbid’ JQ755282 CLV1 ‘Australasia’ not published
‘Australasian columbid’ JQ755281 BGH ‘Australasia’ not published
‘Australasian columbid’ JQ755280 SPT ‘Australasia’ not published
‘Australasian columbid’ JQ755279 BBK ‘Australasia’ not published
Columba livia Gmelin EU215369 Rock pigeon 8 (+ 6 others) USA Gerhold et al. (2008)

HG008050 021337 Austria Ganas et al. (2014)
Columba sp. AY349182 G7 n.a. Kleina et al. (2004)
Patagioenas fasciata (Say) EU215369 Band-tailed pigeon 1 USA Gerhold et al. (2008)

KC215387 CA005882, CA015554 USA Girard et al. (2014)
Streptopelia decaocto (Frivaldszky) JX089398 St. Kitts 21 St. Kitts and Nevis Ecco et al. (2012)
Zenaida macroura (Linnaeus) EU215369 ATCC 30095 (+ 6 others) USA Gerhold et al. (2008)

Parrots

Melopsittacus undulatus (Shaw) JN007005 Vienna 5895-C1/06 Austria Reinmann et al. (2012)
n.a. – not available.

2012 2013

number of nestlings number of nestlings
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Veterinary Administration and Czech Birdlife (Duben and 

effect on the prevalence of trichomonads among the nest-
lings. In the event that the pandemic outbreak in the central 
Czech Republic had a detrimental effect on songbird popu-
lations and reduced numbers of some passerine species like 
in other countries (Robinson et al. 2010), sparrowhawks 
could respond to such changes by alteration of diet. 

The urban population could transfer to feeding on co-
lumbids and thereby increase their chance of getting the in-
fection. However, because the prevalence of trichomonosis 
in Prague’s columbids is not known, this could be only one 
of many explanations. Another factor, responsible for the 
higher prevalence in larger broods in urban sparrowhawks, 
could be stress. In case of a decline in small-sized birds, 
due to a pandemic outbreak in the central area of the Czech 
Republic, larger broods of sparrowhawks could suffer from 
shortage of food. Subsequently, the stressed chicks would 
a have higher chance of developing the disease through 
reduced immunity. In addition, coping with other factors 

stress, can be important disease spread among nestlings 
(Koolhaas et al. 1999).

Little is known about the differences in diet between the 
urban and rural sparrowhawk populations in the Czech Re-
public. Although the female sparrowhawk is able to predate 
on fully grown woodpigeons (Newton 1986), it is doubtful 
that pigeons are in a sparrowhawk’s diet on a regular basis. 
In Prague where the concentration of pigeons is high, there 
is a higher chance of encountering weak and diseased pi-
geons that could be easily predated by sparrowhawks. Prey 
remains of columbids were found near the urban nests by 
the authors during the study. Urban pigeons were found to 
be highly infected by trichomonosis in several cities. Borg-
wardt (1996) detected T. gallinae in 89.6% of free-living 
feral pigeons from Halle/Saale in Germany. 

If the prevalence in sparrowhawk chicks in the urban 
area in 2013 showed a similar pattern to 2012, we could 
assume that the high concentration of pigeons may play 
a role in the incidence of trichomonosis in sparrowhawks 
in this urban area. Although pigeons provide a large 
amount of food for the brood, it is small and medium-sized 
birds that dominate the diet (Newton 1986, Bujoczeck and 
Ciach 2009). Explanation for such difference in prevalence 
of trichomonosis in sparrowhawk chicks in urban area in 
2012 and 2013 is unfeasible due to many factors but the 
pandemic outbreak is the most likely the explanation. 

The pathogenesis of trichomonosis in birds could be af-
fected by several factors such as prevailing environmental 
conditions, physiology of the host and parasite, viability 
and quality of food, sibling competition and stress (Greiner 
and Ritchie 1994). The immunity of the individual also af-

fects the development of the infection (Samour et al. 1995). 
Also, the disease would mainly develop in broods raised by 
younger-adult birds, which might be related to lower expe-
rience, resulting in poor chick condition (Newton 1979). 

The presence of T. gallinae in adult sparrowhawks was 
not investigated during this study but some adult sparrow-
hawks in Prague were found to show signs of trichomo-
nosis (L. Peške, Prague, Czech Republic – unpubl. data). 
Adult birds are probably less susceptible to infection than 
nestlings (Urban and Mannan 2014). Several nestlings 
showed visible signs of infection during sample collection. 
Granulomatous caseous growths within the oral cavity in 
some birds were developed to a state that they obvious-
ly prevented the bird from taking food. The presence of 
necrotic lesions in sparrowhawk nestlings during sampling 
differed between years. 

The actual presence of the lesions is affected by some 
factors; environmental conditions, time of contamination, 
condition of the individual (Honigberg 1979). Another fac-
tor is the presence of other infections such as Pseudomonas 
aeruginosa (Schroeter, 1872) (Samour 2000). Such pres-
ence of other infectious organisms was not investigated. 
The mortality caused by trichomonosis in sparrowhawk 
nestlings was not measured but could be a limiting factor 
for the growth of the population, as in other species (Boal 
et al. 1998).

Sequences of the ITS region of all our isolates were 
identical with of T. gallinae already described those in 
other studies. Those organisms, with identical ITS se-
quences, were isolated from various hosts from different 
continents such as America and Europe. The strain found 
in sparrowhawks is the same as that found in other birds 
such as passerines and columbiforms in Europe (Lawson 
et al. 2011, Ganas et al. 2014). The parasite transmission 
between columbids and passerine populations is probably 
through sharing food and water sources. The appearance 
of trichomonosis in sparrowhawks in the Czech Republic 
could be related to the spread of this disease from the UK 
to Fennoscandia and later to Central Europe reaching Aus-
tria and Slovenia in 2012 (Ganas et al. 2014).

The present study monitored trichomonosis in spar-
rowhawk chicks in a relatively small area of the Czech 
Republic. Further monitoring and research is needed to 
understand the prevalence of T. gallinae in prey species, 
especially in urban environments, the susceptibility of 
adult birds to trichomonosis, as well as the ecological fac-
tors and kind of prey related to the spread of the disease. 

The project was funded by the Internal 

no.: 20134251 and 20124224). We thank Miroslav Šálek and 
anonymous referees for their comments. We are also indebted to 

REFERENCES

1998: Trichomonia-
sis in Cooper’s hawks from Arizona. J. Wild. Dis. 34: 590–593.

1996: Untersuchungen zur Ekto- und Endopara-
sitenbürde bei Tauben (Columba livia forma domestica) aus dem 

Stadtgebiet von Halle Leipzig, Vet. Med. Diss., Universität Leip-
zig, 92 pp.

2009: Seasonal changes in the avian diet 
of breeding sparrowhawks Accipiter nisus -
spring’s food demands? Zool. Studies 48: 215–222.



doi: 10.14411/fp.2015.035 Kunca et al.: Trichomonosis in Eurasian sparrowhawks

Folia Parasitologica 2015, 62: 035 Page 5 of 5

2005: 
Cryptic species within the Tetratrichomonas gallinarum spe-
cies complex revealed by molecular polymorphism. Vet. Para-
sitol. 128: 11–21. 

2006: Urban effects on native avifauna: 
a review. Land. Urb. Plan. 74: 46–69.

-

Trichomonas 
gallinae is predominant in British non-passerines. Parasitology 
140: 1234–1245.

1988: Trichomoniasis in free-living gos-
hawks (Accipiter gentilis gentilis) from Great Britain. J. Wild. 
Dis. 24: 80–87. 

1994: A new method 
for the diagnosis of Trichomonas gallinae infection by culture. J. 
Wild. Dis. 30: 457–459.

1957: The establishment of various trichomonads 
of animals and man in axenic cultures. J. Parasitol. 43: 488–490.

-
tozoan’s infection, humans are not in danger], http://cso.cz/in-
dex.php?ID=2333, 5/2012. (In Czech.)

2012: 
Trichomonas gallinae and other pa-

rabasalids from Brazil using the 5.8S and ITS-1 rRNA regions. 
Vet. Parasitol. 190: 36–42.

2008: Comparative analysis of the 
breeding avifauna of Italian cities. Avocetta 32: 21–30.

(Eds.) 2002: 
[Altas of Prague Birds’ Breeding Distribution.] Consult, Praha, 
317 pp. (In Czech.)

-
ality of Trichomonas gallinae isolates circulating in European 

2008: Molecular char-
acterization of the Trichomonas gallinae morphologic complex 
in the United States. J. Parasitol. 94: 1335–1341.

-

2014: Trichomonas stableri n. sp., an agent 
Patagioe-

nas fasciata monilis). Int. J. Parasitol. Parasites Wildl. 3: 32–40.
1994: Parasites. In: B. W. Ritchie, G. 

J. Harrison and L. R. Harrison (Eds.), Avian Medicine: Princi-
ples and Application. Wingers Publishing, Lake Worth, Florida, 
pp. 1007–1029. 

1979: Biological and physiological factors af-
fecting pathogenicity of trichomonads. In: M. Levandowsky and 
S.H. Hutner (Eds.), Biochemistry and Physiology of Protozoa, 
Vol. 2, Academic Press, Inc. New York, pp. 409–427.

2004: Molecular phylogeny of Trichomonadi-
dae family inferred from ITS-1, 5.8S rRNA and ITS-2 sequenc-
es. Int. J. Parasitol. 34: 963–970.

1999: Coping styles in animals: cur-
rent status in behavior and stress-physiology. Neur. Biobehav. 
Rev. 23: 925–935.

2005: Prevalence of 
Trichomonas gallinae in northern goshawk from Berlin Area of 
northeastern Germany. J. Wild. Dis. 41: 304–309.

-
2011. Evidence of spread of the 

birds. Ecohealth 8: 143–153.
(Ed.) 1979: Population Ecology of Raptors. T. and A.D. 

Poyser, Berkhamsted, 399 pp.
(Ed.) 1986: The sparrowhawk. T and A.D. Poyser, Cal-

ton, 396 pp.

E. 2013: The viruses of wild pigeon droppings. PLoS ONE 8: 
e72787. 

2015: R: A Language and Environment for Statisti-
cal Computing. R Foundation for Statistical Computing, Vienna, 
Austria.

2012: Tritrichomonas foetus isolates 
from cats and cattle show minor genetic differences in unrelated 

-
-

2010: Emerging infectious disease leads to 
rapid population declines of common British birds. PLoS ONE 
5: e12215. 

2000: Pseudomonas aeruginosa stomatitis as a se-
quel to trichomoniasis in captive saker falcons (Falco cherrug). 
J. Avian Med. Surgery 14: 113–117. 

1995: Trichomoniasis 
in birds of prey (order Falconiformes) in Bahrain. Vet. Rec. 136: 
358–362.

M.T. 2009: Prevalence and genotyping of Trichomonas gallinae 
in pigeons and birds of prey. Avian Pathol. 38: 201–207.

1999: Ranging behaviour and foraging habi-
tats of breeding sparrowhawks Accipiter nisus in continuous for-
ested area in Norway. Ibis 141: 269–276.

2002: Cat-
tle pathogen Tritrichomonas foetus (Riedmüller, 1928) and pig 
commensal Tritrichomonas suis (Gruby & Delafond, 1843) be-
long to the same species. J. Eukar. Microbiol. 49: 154–163.

2014: The potential role of oral pH in 
the persistence of Trichomonas gallinae in Cooper’s hawks (Ac-
cipiter cooperii). J. Wild. Dis. 50: 50–55.

Received 30 October 2015 Accepted 21 April 2015 Published online 7 July 2015

Folia Parasitol. 62: 035.

http://cso.cz/in


34 
 

5.2  
 

Kunca T., Yosef R., 2016. 

 

Differential nest-defense to perceived danger in urban and rural areas by female 

Eurasian sparrowhawk (Accipiter nisus).  

 

PeerJ 4:e2070 https://doi.org/10.7717/peerj.2070 

https://doi.org/10.7717/peerj.2070


Í«¾³·¬¬»¼ ïî Ú»¾®«¿®§ îðïê
ß½½»°¬»¼ í Ó¿§ îðïê
Ð«¾´·­¸»¼ é Ö«´§ îðïê

Ý±®®»­°±²¼·²¹ ¿«¬¸±®
Ì±³¿­ Õ«²½¿ô ¬µ«²½¿à¹³¿·´ò½±³

ß½¿¼»³·½ »¼·¬±®
Ó·½¸¿»´ É·²µ

ß¼¼·¬·±²¿´ ×²º±®³¿¬·±² ¿²¼
Ü»½´¿®¿¬·±²­ ½¿² ¾» º±«²¼ ±²
°¿¹» è

ÜÑ× ïðòééïéñ°»»®¶òîðéð

Ý±°§®·¹¸¬
îðïê Õ«²½¿ ¿²¼ Ç±­»º

Ü·­¬®·¾«¬»¼ «²¼»®
Ý®»¿¬·ª» Ý±³³±²­ ÝÝóÞÇ ìòð

ÑÐÛÒ ßÝÝÛÍÍ

Ü·ºº»®»²¬·¿´ ²»­¬ó¼»º»²­» ¬± °»®½»·ª»¼
¼¿²¹»® ·² «®¾¿² ¿²¼ ®«®¿´ ¿®»¿­ ¾§
º»³¿´» Û«®¿­·¿² ­°¿®®±©¸¿©µ øß½½·°·¬»®
²·­«­÷
Ì±³¿­ Õ«²½¿ï ¿²¼ Î»«ª»² Ç±­»ºî

ï Ú¿½«´¬§ ±º Û²ª·®±²³»²¬¿´ Í½·»²½»­ô Ý¦»½¸ Ë²·ª»®­·¬§ ±º Ô·º» Í½·»²½»­ô Ð®¿¹«»ô Ý¦»½¸ Î»°«¾´·½
î Û·´¿¬ Ý¿³°«­ô Þ»²óÙ«®·±² Ë²·ª»®­·¬§ ±º ¬¸» Ò»¹»ªô Û·´¿¬ô ×­®¿»´

ßÞÍÌÎßÝÌ

Ì¸» ®»¿½¬·±² ±º ©·´¼´·º» ¬± ¸«³¿²­ ·­ µ²±©² ¬± ¼·ºº»® ©·¬¸ ­«®®±«²¼·²¹­ò ×² «®¾¿²
»²ª·®±²³»²¬­ ¬¸¿¬ °®±ª·¼» ­«·¬¿¾´» ¸¿¾·¬¿¬­ º±® ¾®»»¼·²¹ ¾·®¼­ô ¿²·³¿´­ ¿¼¿°¬ ¬±
¸«³¿²­ ¿²¼ ¬¸»·® ®»­°±²­» ·­ ¿½½±®¼·²¹´§ ¿´¬»®»¼ò Ì¸·­ ­¬«¼§ »¨¿³·²»¼ ¬¸» ²»­¬ ¼»º»²­»
¾»¸¿ª·±® ±º º»³¿´» Û«®¿­·¿² ­°¿®®±©¸¿©µ­ øß½½·°·¬»® ²·­«­÷ ¼«®·²¹ ¬¸» ¾®»»¼·²¹ ­»¿­±²
·² «®¾¿² ¿²¼ ®«®¿´ ¿®»¿­ ±º Ð®¿¹«»ò Ì¸» º»³¿´»­ ­¸±©»¼ º±«® ¼·ºº»®»²¬ ¬§°»­ ±º ®»¿½¬·±²
¬± ¸«³¿²­ ¬¸¿¬ ¿°°®±¿½¸»¼ ¬¸» ²»­¬ ¿²¼ ¼·ºº»®»¼ ­·¹²·º·½¿²¬´§ ¾»¬©»»² ¬¸» ¬©± ­¬«¼§
¿®»¿­ò Ý±²¬®¿®§ ¬± »¨°»½¬¿¬·±²­ô «®¾¿² ²»­¬·²¹ º»³¿´»­ ©»®» ³±®» ¿¹¹®»­­·ª» ¬¸¿² ®«®¿´
½±²­°»½·º·½­ò Ì¸» ·²¬»²­·¬§ ±º ®»­°±²­» ·²½®»¿­»¼ ¿­ ¬¸» ­»¿­±² °®±¹®»­­»¼ô ¿²¼ º»³¿´»­
¼»º»²¼»¼ ¬¸»·® ¾®±±¼­ ¬± ¿ ³«½¸ ¹®»¿¬»® ¼»¹®»» ¬¸¿² ¬¸»·® ½´«¬½¸»­ ·² ¾±¬¸ «®¾¿² ¿²¼
®«®¿´ ¸¿¾·¬¿¬­ô ­«¹¹»­¬·²¹ ¿ ¼·ºº»®»²¬·¿´ »ºº±®¬ ¿­ ¿ º«²½¬·±² ±º ¬¸»·® ®»´¿¬·ª» ·²ª»­¬³»²¬
·² ¬¸» ¾®»»¼·²¹ ¿¬¬»³°¬ ½±²º±®³·²¹ ©·¬¸ ¬¸» °¿®»²¬¿´ ·²ª»­¬³»²¬ ¸§°±¬¸»­·­ò

Í«¾¶»½¬­ ß²·³¿´ Þ»¸¿ª·±®ô Û½±´±¹§ô Æ±±´±¹§ô Ý±«°´»¼ Ò¿¬«®¿´ ¿²¼ Ø«³¿² Í§­¬»³­

Õ»§©±®¼­ Ú»³¿´»ô Ò»­¬ ¼»º»²­»ô Ð»®½»·ª»¼ ¼¿²¹»®ô ß½½·°·¬»® ²·­«­ô Ë®¾¿² »²ª·®±²³»²¬ô Î«®¿´ô
Û«®¿­·¿² ­°¿®®±©¸¿©µ

×ÒÌÎÑÜËÝÌ×ÑÒ

É·´¼´·º» ¿®» µ²±©² ®»¿½¬ ¬± °»®½»·ª»¼ ¼¿²¹»®ô ·²½´«¼·²¹ ¸«³¿² °®»­»²½»ô ©¸·½¸ ¿ºº»½¬­

¬¸»·® ²±®³¿´ ¾»¸¿ª·±® ¿²¼ ®»­°±²­»­ ·² ¿ ©·¼» ®¿²¹» ±º ­°»½·»­ó­°»½·º·½ ©¿§­ øÜ«µ¿­ô
îððïå É±¶½·»½¸±©­µ· ú Ç±­»ºô îðïï÷ò Ì¸» ¿²·³¿´­ ®»¿½¬·±² ¬± °»®½»·ª»¼ ¼¿²¹»® ·­ µ²±©²

¬± ·²º´«»²½» ·¬­ º·¬²»­­ ¿²¼ ´·º» ¸·­¬±®§ô ¿²¼ ¬± ¿ºº»½¬ ±¬¸»® ¾»¸¿ª·±®­ ­«½¸ ¿­ ·²¬»®ó ¿²¼

·²¬®¿ó­°»½·º·½ ·²¬»®¿½¬·±²­ ¿²¼ º±®¿¹·²¹ ½±²­·¼»®¿¬·±²­ ø»ò¹òô Ù®«¾¾ ú Ù®»»²©¿´¼ô ïçèîå
Ó±®­»ô ïçèêå Ò±²¿½­ ú Ü·´´ô ïççðå É¿¬¬­ô ïççðå Í¬¿³°­ ú Þ±©»®­ô ïççïå Í´±¬±©ô ïççê÷ò
É¸·¬¬¿µ»® ú Õ²·¹¸¬ øïççè÷ ½±²­·¼»®»¼ ¬¸» ®»¿½¬·±² ±º ¿² ·²¼·ª·¼«¿´ ¿­ ¬¸» ½±³¾·²¿¬·±² ±º

´»¿®²·²¹ ¿²¼ ¹»²»¬·½­ò

Û¨°¿²¼·²¹ ¸«³¿² °±°«´¿¬·±²­ ·² ¿´³±­¬ »ª»®§ ¸¿¾·¬¿¬ ±² ¬¸» ¹´±¾» ¸¿­ ®»­«´¬»¼ ·²

©·´¼´·º» ¸¿ª·²¹ ¬± ½±²¬»²¼ ©·¬¸ ¹®»¿¬»® ¼·­¬«®¾¿²½»­ ·² ¬¸»·® ²¿¬«®¿´ »²ª·®±²³»²¬­ ±®

±«¬®·¹¸¬ ¼»­¬®«½¬·±² ±º »¨·­¬·²¹ ¸¿¾·¬¿¬­ò Ì¸» ±«¬½±³» ±º »ª»®ó·²½®»¿­·²¹ ¸«³¿²ó¿²·³¿´

»²½±«²¬»®­ ·²º´«»²½»­ ¬¸» ´»¿®²·²¹ ½±³°±²»²¬­ ±º ¿²·³¿´­ øÕ²·¹¸¬ ú Ì»³°´»ô ïçèê÷ò É·¬¸

¬¸» ¹®±©·²¹ ¸«³¿² °±°«´¿¬·±² ²¿¬«®¿´ »²ª·®±²³»²¬­ ¸¿ª» ¾»½±³» ·²½®»¿­·²¹´§ ³±¼·º·»¼

¾§ ¸«³¿²­ ¿²¼ ­±³» ­°»½·»­ ¸¿ª» ®»¿½¬»¼ ¬± ­«½¸ ½¸¿²¹»­ ¾§ ¸¿¾·¬«¿¬·±²ò Ë®¾¿² ¿®»¿­ô

Ø±© ¬± ½·¬» ¬¸·­ ¿®¬·½´» Õ«²½¿ ¿²¼ Ç±­»º øîðïê÷ô Ü·ºº»®»²¬·¿´ ²»­¬ó¼»º»²­» ¬± °»®½»·ª»¼ ¼¿²¹»® ·² «®¾¿² ¿²¼ ®«®¿´ ¿®»¿­ ¾§ º»³¿´»
Û«®¿­·¿² ­°¿®®±©¸¿©µ øß½½·°·¬»® ²·­«­÷ò Ð»»®Ö ìæ»îðéðå ÜÑ× ïðòééïéñ°»»®¶òîðéð



·² ¬¸» º±®³ ±º ½·¬·»­ô °®±ª·¼» ¸¿¾·¬¿¬­ º±® ³¿²§ ¿²·³¿´ ­°»½·»­ ¬¸¿¬ ©·´´·²¹´§ ±ª»®½±³»

»½±´±¹·½¿´ ¾¿®®·»®­ ±º «®¾¿²·¦¿¬·±² ¿²¼ ¿¼¿°¬ ¬± ¬¸» ¸«³¿²ó¼·½¬¿¬»¼ ½±²¼·¬·±²­ øÔ«²·¿µô
îððì÷ò ×²¬»®»­¬ ·² «®¾¿²·¦¿¬·±² ±º ¾·®¼­ ·­ ²±¬ ²±ª»´ øÛ®¦ô ïçêê÷ ¿²¼ ¬¸» ²«³¾»® ±º ­¬«¼·»­

¬¸¿¬ ¼»­½®·¾» ¿ª·¿² ®»­°±²­»­ ¬± «®¾¿²·¦¿¬·±² ·­ ·³³»²­» ¿²¼ ¹®±©·²¹ øÓ¿®¦´«ººô Þ±©³¿²
ú Ü±²»´´§ô îððï÷ò ×² °¿®¬·½«´¿®ô ­±³» ®¿°¬±® ­°»½·»­ º·²¼ «®¾¿² ¸¿¾·¬¿¬­ ª»®§ ­«·¬¿¾´» ¿­

¬¸»§ °®±ª·¼» ´¿®¹» ¿³±«²¬­ ±º º±±¼ ·² ¬¸» º±®³ ±º ¸«³¿² ½±³³»²­¿´­ ø»ò¹òô Ú»®¿´ Ð·¹»±²­ô

Ý±´«³¾¿ ´·ª·¿å Í°¿®®±©­ô Ð¿­­»® ­°°òå Þ®±©² Î¿¬­ô Î¿¬¬«­ ²±®ª»¹·½«­÷ô ¯«¿´·¬§ ²»­¬·²¹ °´¿½»­
¿²¼ ¿®» º®»» º®±³ ­±³» »½±´±¹·½¿´ °®»­­«®»­ô ­«½¸ ¿­ °»®­»½«¬·±² øÝ¸¿½» ú É¿´­¸ô îððê÷ò
Ø±©»ª»®ô ·² ¬¸» °®»­»²½» ±º °»®­»½«¬·±²ô ±® ¸·¹¸ ´»ª»´­ ±º ¼·­¬«®¾¿²½» ®»­«´¬·²¹ ·² ­¬®»­­ ±®

«²­«½½»­­º«´ ¾®»»¼·²¹ô ·¬ ©±«´¼ ¾» ³¿´¿¼¿°¬·ª» ¬± ¸¿¾·¬«¿¬» ¬± ¸«³¿² °®»¼±³·²¿²¬ »²ª·ó

®±²³»²¬­ ¿²¼ ¾·®¼­ ½¿² ¾» »¨°»½¬»¼ ¬± ¼·­°´¿§ ¿ª±·¼¿²½» ¾»¸¿ª·±® ±® ·²½®»¿­»¼ ¿¹¹®»­­·±²

¬±©¿®¼­ ¬¸» ·²­¬·¹¿¬±® ±º ¬¸» ¼·­¬«®¾¿²½» øÍ¸¿²²±² »¬ ¿´òô îðïì÷ò Ð»®­»½«¬»¼ ¿ª·¿² ­°»½·»­

¿®» µ²±©² ¬± ¾»¸¿ª» ¼·ºº»®»²¬´§ ·² ®«®¿´ ¿²¼ «®¾¿² »²ª·®±²³»²¬­ øÕ»²²»§ ú Õ²·¹¸¬ô ïççî÷ò
ß­ ¿ ®»­«´¬ ±º ¼·®»½¬ °»®­»½«¬·±²ñ¼·­¬«®¾¿²½» ¿²¼ ­«¾­»¯«»²¬ »ª¿­·±²ô ¾®»»¼·²¹ ¾·®¼­ ®»¿½¬

¬± °»®½»·ª»¼ ¼¿²¹»® ©·¬¸ ­¬»®»±¬§°·½ ¿²¬·°®»¼¿¬±® ¾»¸¿ª·±®ò Ò»­¬ °®»¼¿¬·±² ·­ ¿² ·³°±®¬¿²¬

º¿½¬±® ´·³·¬·²¹ ¾®»»¼·²¹ ­«½½»­­ ¿²¼ ª¿®·±«­ ¾·®¼­ ª·»© ¸«³¿²­ ¿­ °±¬»²¬·¿´ °®»¼¿¬±®­

øÚ·­¸»® »¬ ¿´òô îððì÷ò Ì¸«­ô ¼»º»²¼·²¹ ¬¸» ²»­¬ ½¿² ®»¼«½» ¬¸» °¿®»²¬­ù ©¿­¬»¼ »²»®¹»¬·½

·²ª»­¬³»²¬ ½¿«­»¼ ¾§ ¬¸» ´±­­ ±º ¿ ½´«¬½¸ ±® ¾®±±¼ øÙ®·³ô îððè÷ò Í¬«¼·»­ ±º ¿ª·¿² ²»­¬

¼»º»²­» ­¸±© ¿² ·²½®»¿­» ·² ¬¸» ·²¬»²­·¬§ ±º ¬¸» °¿®»²¬­ù ¼»º»²­» ¿­ ¬¸» ¾®»»¼·²¹ °»®·±¼

°®±¹®»­­»­ô ·ò»òô ¬¸» ³±®» ¿¼ª¿²½»¼ ¬¸» ¾®»»¼·²¹ ­¬¿¹»ô ¬¸» ¹®»¿¬»® ¬¸» °¿®»²¬­ù »²»®¹»¬·½

·²ª»­¬³»²¬ ·² ¬¸» ®»°®±¼«½¬·ª» ¿¬¬»³°¬ô ®»­«´¬·²¹ ·² ¿² ·²½®»¿­»¼ »ºº±®¬ ¬± ¼»º»²¼ ¬¸»·®

§±«²¹ ø»ò¹òô Ó»®®·¬¬ô ïçèìå Í¸·»´¼­ô ïçèìå Í»®¹·± ú Þ±¹´·¿²·ô îððï÷ò Ì¸» ¿º±®»³»²¬·±²»¼

­¬«¼·»­ ½±²º±®³ ¬± ¬¸» °¿®»²¬¿´ ·²ª»­¬³»²¬ ¸§°±¬¸»­·­ øÌ®·ª»®­ô ïçéîå Þ¿®¿­¸ô ïçéë÷ò
Ø±©»ª»®ô Õ²·¹¸¬ ú Ì»³°´» øïçèê÷ ¼·­½±ª»®»¼ ¬¸¿¬ ²»­¬ ¼»º»²­» ¾»¸¿ª·±® ©¿­ ¹®¿¼«¿´´§

³±¼·º·»¼ ¾§ ®»°»¿¬»¼ ª·­·¬­ ¬± ¬¸» ²»­¬­ô ½±²­»¯«»²¬´§ ®»­«´¬·²¹ ·² ¬¸» °¿®»²¬­ù ´±­­ ±º º»¿®ò

Ì¸» Û«®¿­·¿² ­°¿®®±©¸¿©µ øß½½·°·¬»® ²·­«­÷ ·­ ¿ ½±³³±² ®¿°¬±® ¬¸¿¬ °®»º»®­ ¬± ¾®»»¼ ·²

©±±¼­ ¿²¼ º±®»­¬­ ©¸»®» ·¬ ½¿² º·²¼ ¿² ¿¾«²¼¿²½» ±º °®»§ øÒ»©¬±²ô ïçèê÷ò Í°¿®®±©¸¿©µ­
­¬¿®¬»¼ ¬± ¾®»»¼ ·² Ð®¿¹«» ·² ¬¸» »¿®´§ ïçèðù­ ø�¬ù¿­¬²#ô Î¿²¼3µ ú Ø«¼»½ô ïçèé÷ô ¾»¬©»»²

¿²¼ ­«®®±«²¼·²¹ ®«®¿´ ¿®»¿­ ¿®» ®·²¹»¼ º±® ·²¼·ª·¼«¿´ ·¼»²¬·º·½¿¬·±²ô ©» ®»³¿·² ·¹²±®¿²¬

Î«¬¦ô îððè÷ô
¬¸» ¬«®²±ª»® ©·¬¸·² ¬¸» «®¾¿² °±°«´¿¬·±²ô ±® ·º ¬¸» «®¾¿² °±°«´¿¬·±² ·­ ¿ ­±«®½» ±® ¿ ­·²µò

ß¬ °®»­»²¬ô ®·²¹·²¹ ±º ¬¸» ½·¬§ó¾®»¼ §±«²¹ ­¸±© ¬¸¿¬ ¬¸»§ ½±³°®·­» ¿ ­«¾­¬¿²¬·¿´ °®±°±®¬·±²

±º ¬¸» ·²¼·ª·¼«¿´­ ¬¸¿¬ ¿®» ®»½®«·¬»¼ ·²¬± ¬¸» ¾®»»¼·²¹ «®¾¿² °±°«´¿¬·±² øÐ»nµ» ·² Ú«½¸­ »¬
¿´òô îððî÷ò ×² ®«®¿´ ¿®»¿­ô ­°¿®®±©¸¿©µ­ ¸¿ª» ¾»»² °»®­»½«¬»¼ ¾§ ¹¿³»µ»»°»®­ º±® ½»²¬«®·»­

¿²¼ ©¸·´­¬ ·¬ ©¿­ ´¿®¹»´§ ­¬±°°»¼ ·² ¬¸» ïçèðù­ô ­°¿®®±©¸¿©µ­ ©»®» ­¬·´´ ¸«²¬»¼ ·² ¬¸» Ý¦»½¸

Î»°«¾´·½ ·² ¬¸» ïççðù­ øÓ§­´·ª»½µ? ­¬¿¬·­¬·µ¿Ó·²·­¬»®­¬ª± Æ»³{¼{´­¬ª3ô îðïì÷ò
×² ±®¼»® ¬± «²¼»®­¬¿²¼ ¬¸» ·²º´«»²½» ±º ¸«³¿² ¿½¬·ª·¬·»­ ±² ®«®¿´ ¿²¼«®¾¿² ­°¿®®±©¸¿©µ

¾®»»¼·²¹ °¿·®­ô ©» ½±³°¿®»¼ ¬¸» ®»¿½¬·±²­ ±º ¾®»»¼·²¹ º»³¿´»­ ¬± °»®½»·ª»¼ ¼¿²¹»®ò É»

¸§°±¬¸»­·¦»¼ ¬¸¿¬ ©» ©±«´¼ º·²¼ ¿ ¹®»¿¬»® ¼»¹®»» ±º ¼·­°¿®·¬§ ¾»¬©»»² ¬¸» ¾»¸¿ª·±®­ ±º

¬¸» «®¾¿² ¿²¼ ®«®¿´ ¾®»»¼·²¹ º»³¿´»­ò É» ¬»­¬»¼ ±«® ¸§°±¬¸»­·­ ±²´§ ±² º»³¿´»­ ¼«»

¬± ¬¸» º¿½¬ ¬¸¿¬ô ·² ­°¿®®±©¸¿©µ­ ·² ¬¸» ·³³»¼·¿¬» ª·½·²·¬§ ±º ¬¸» ²»­¬ô ·¬ ·­ ¬¸» º»³¿´»

Õ«²½¿ ¿²¼ Ç±­»º øîðïê÷ô Ð»»®Ö ô ÜÑ× ïðòééïéñ°»»®¶òîðéð îñïî



­°¿®®±©¸¿©µ­ ©¸± «­«¿´´§ ®»°»´ ·²¬®«¼»®­ ±® ®»¿½¬ ¬± °»®½»·ª»¼ ¼¿²¹»® øÒ»©¬±²ô ïçèê÷ò
Ø»²½»ô ·² ±®¼»® ¬± ½¸»½µ ±«® ¸§°±¬¸»­»­ô ©» ±¾­»®ª»¼ ¬¸» ²»­¬ ¼»º»²­» ±º ¿¼«´¬ º»³¿´»

­°¿®®±©¸¿©µ­ ¼«®·²¹ ¬¸» ¾®»»¼·²¹ ­»¿­±² ·² ¿² «®¾¿² ¿®»¿ ©·¬¸ ¸·¹¸ ¸«³¿² ¼»²­·¬§ ©¸»®»

©» ¿­­«³»¼ ­°¿®®±©¸¿©µ­ ¬± ¾» ¸¿¾·¬«¿¬»¼ ¬± ¸«³¿² ¾»·²¹­ô ¿²¼ ·² ¿ ®«®¿´ ¿®»¿ ·² ©¸·½¸

­°¿®®±©¸¿©µ­ ´·ª» ·² ¬¸» ©·´¼ ¿²¼ ¸¿ª» ³·²·³¿´ ½±²¬¿½¬ ©·¬¸ ¸«³¿²­ò

ÓßÌÛÎ×ßÔ ßÒÜ ÓÛÌØÑÜÍ

Í¬«¼§ ¿®»¿

Ì¸» «®¾¿² ­¬«¼§ ©¿­ ½±²¼«½¬»¼ ·² ¬¸» ½»²¬»® ±º Ð®¿¹«»ô Ý¦»½¸ Î»°«¾´·½ ø îìð µ³îô

®¿¼·«­ ±º èòé µ³ ¿®±«²¼ ¬¸» »°·½»²¬»® ±º ¬¸» ½·¬§ô Òëð ìòëíìçéðô Ûïì îêòðëìéèð÷ò Ì¸» ¿®»¿

»²½±³°¿­­»¼ ¾§ ¬¸» ¾®»»¼·²¹ ­°¿®®±©¸¿©µ­ô ·²½´«¼»¼ ²»·¹¸¾±®¸±±¼­ ©·¬¸ ®»­·¼»²¬·¿´

¸±«­·²¹ô ¾«­·²»­­ ¼·­¬®·½¬­ ¿²¼ ·²¼«­¬®·¿´ ¿®»¿­ò Í°¿®®±©¸¿©µ­ ¾®»¼ ·² °¿®µ­ô ¹¿®¼»²­ ¿²¼

½»³»¬»®·»­ò Ì¸» ®«®¿´ ­¬«¼§ ¿®»¿ ©¿­ ­·¬«¿¬»¼ ·² ¬¸» Ô·¾»®»½ ®»¹·±² ±º ²±®¬¸ Þ±¸»³·¿

øÒëð ìçòëéëìèðô Ûïì íëòîèííðð÷ ©¸»®» ­°¿®®±©¸¿©µ­ ¿®» º±«²¼ ·² ´¿®¹» ¬®¿½µ­ ±º ²¿¬«®¿´

º±®»­¬ò Ì¸» ¼·­¬¿²½» ¾»¬©»»² ¬¸» ¬©± ¿®»¿­ ·­ ïðð µ³ò ×² ¾±¬¸ ­¬«¼§ ¿®»¿­ô ¼¿¬¿ ©»®»

½±³°·´»¼ ­·³«´¬¿²»±«­´§ ¼«®·²¹ ¬¸» ¾®»»¼·²¹ ­»¿­±² ©¸·½¸ »¨¬»²¼»¼ º®±³ »¿®´§ Ó¿§ ¬±

Ö«²» îðïíò ×² ±«® ¿²¿´§­·­ô ©» ·²½´«¼»¼ ±²´§ ¬¸±­» ²»­¬­ ©¸·½¸ ©»®» ´±½¿¬»¼ ¼«®·²¹ ¬¸»

¾«·´¼·²¹ ­¬¿¹» ¿²¼ °®·±® ¬± »¹¹ ´¿§·²¹ò ×² ¿¼¼·¬·±²ô ¬©± ²»­¬­ ¬¸¿¬ º¿·´»¼ ¬± º´»¼¹» §±«²¹

©»®» ²±¬ ·²½´«¼»¼ ·² ±«® ¿²¿´§­·­ò Ì¸» ²»­¬ ­·¬»­ ©»®» ±²´§ ª·­·¬»¼ ¬©·½» ¼«®·²¹ ¬¸» ¾®»»¼·²¹

½§½´» ·² ±®¼»® ¬± ¿ª±·¼ ¸¿¾·¬«¿¬·±² ±º ¾·®¼­ ¬± ¸«³¿² ¿°°®±¿½¸ ­·²½» ³«´¬·°´» ª·­·¬­ ¿®»

µ²±©² ¬± ·²º´«»²½» ¬¸» º»³¿´»ù­ ®»¿½¬·±² øÕ²·¹¸¬ ú Ì»³°´»ô ïçèê÷ò ß¬ »¿½¸ ±º ¬¸»­» ª·­·¬­ô

©» ½±²¼«½¬»¼ ¬¸·­ »¨°»®·³»²¬ ¿²¼ ¿´­± ª»®·º·»¼ ¬¸» ¾®»»¼·²¹ ®»°®±¼«½¬·ª» ­¬¿¹»ò

Û«®¿­·¿² ­°¿®®±©¸¿©µ ·­ ½¸¿®¿½¬»®·¦»¼ ¾§ ¿ ­¬®±²¹ ­»¨«¿´ ¼·³±®°¸·­³ò Ì¸» º»³¿´»­ ¿®»

¿´³±­¬ ¬©·½» ¬¸» ­·¦» ±º ¬¸» ³¿´»­ ¿²¼ ¬¸»·® «²¼»®­·¼»­ ¸¿ª» ¹®¿§·­¸ó¾®±©² ­¬®·¿¬·±²­ô ©¸·´»

¬¸±­» ±º ¬¸» ³¿´» ¿®» ®«­¬§ ·² ½±´±®ò ß²±¬¸»® ·³°±®¬¿²¬ º¿½¬ ·­ ¬¸¿¬ ¬¸» ³¿´»­ ª»®§ ®¿®»´§

·²½«¾¿¬» ¬¸» »¹¹­ ¿²¼ ¼± ­± ±²´§ ©¸»² ¬¸» º»³¿´» ·­ º»»¼·²¹ô º«®¬¸»®³±®» ¬¸»§ ²»ª»® ¾®±±¼

¬¸» §±«²¹ øÒ»©¬±²ô ïçèê÷ò Ì¸» ¸·¹¸»® °·¬½¸ ½¿´´ ±º ¬¸» ³¿´» ¿´­± ¸»´°­ ¼·­¬·²¹«·­¸ ¾»¬©»»²

¬¸» ¬©± ­»¨»­ò Ì¸»­» ¼·ºº»®»²½»­ ¿´´±©»¼ «­ ¬± ¾» ½±²º·¼»²¬ ·² µ²±©·²¹ ©¸·½¸ ¾·®¼ ©» ©»®»

±¾­»®ª·²¹ ¼«®·²¹ ±«® ª·­·¬­ò

Ü¿¬¿ ½±´´»½¬·±²

É» ®»½±®¼»¼ ¬¸» ®»­°±²­» ±º »¿½¸ ·²½«¾¿¬·²¹ º»³¿´» ¬©·½» ¼«®·²¹ ¬¸» ¾®»»¼·²¹ ­»¿­±²ò

Þ¿­»¼ ±² ±«® ¼¿¬¿ º®±³ °®»ª·±«­ §»¿®­ ¿²¼ ±² ¬¸» ¼·ºº»®»²¬ ®»´¿¬»¼ ¾»¸¿ª·±®ô ©» ©»®» ¿¾´» ¬±

»­¬·³¿¬» ¬¸» ¼·ºº»®»²¬ ­¬¿¹»­ ±º ¬¸» ®»°®±¼«½¬·ª» ½§½´»ò Ì¸» º·®­¬ ¬®·¿´ ©¿­ ½±²¼«½¬»¼ ¼«®·²¹

¬¸» ­»½±²¼ ¸¿´º ±º ·²½«¾¿¬·±² ¿²¼ ¬¸» ­»½±²¼ ¬®·¿´ ¼«®·²¹ ¬¸» º·®­¬ ©»»µ ±º ¬¸» ²»­¬´·²¹

­¬¿¹»ò É» ¿°°®±¿½¸»¼ ¬¸» ²»­¬ º®±³ ¬¸» ²»¿®»­¬ °¿¬¸ ³±­¬ º®»¯«»²¬»¼ ¾§ ¸«³¿²­ô ·² ¿

ª»®§ ±¾ª·±«­ ³¿²²»®ô ¿²¼ ±²½» ¿¬ ¬¸» ¾¿­» ±º ¬¸» ²»­¬ ¬®»»ô ®»½±®¼»¼ ¬¸» º»³¿´»ù­ ®»¿½¬·±²­

º±® º·ª» ³·²«¬»­ò Ì± ³·²·³·¦» ¿²§ ·²º´«»²½» ±º ·²½´»³»²¬ ©»¿¬¸»®ô ²»­¬ ª·­·¬­ ©»®» ³¿¼»

¼«®·²¹ ©·²¼´»­­ ¼¿§­ ©·¬¸ ²± °®»½·°·¬¿¬·±²ò É» ½¿¬»¹±®·¦»¼ ¬¸» º»³¿´» ®»¿½¬·±²­ ·²¬± º±«®

¾»¸¿ª·±®¿´ ®»­°±²­»­ò Ò±²» ±º ¬¸» ±¾­»®ª»¼ º»³¿´»­ ¸¿¼ ®»¿½¬·±²­ ¬¸¿¬ ­°¿²²»¼ ³«´¬·°´»

¾»¸¿ª·±®¿´ ®»­°±²­»­æ

øï÷ ­µ·¬¬·­¸æ ´»¿ª»­ ¬¸» ²»­¬ ¿¬ ±«® ¿°°®±¿½¸ô ®»³¿·²­ ­·´»²¬ ¬¸®±«¹¸±«¬ ¬¸» ª·­·¬ ¿²¼ ¼±»­

²±¬ ª·­·¬ ¬¸» ²»­¬ ¬¸» ë ³·² °»®·±¼ ¼«®·²¹ ©¸·½¸ ©» ­¬¿²¼ ¿¬ ¬¸» ¾¿­» ±º ¬¸» ¬®»»å

Õ«²½¿ ¿²¼ Ç±­»º øîðïê÷ô Ð»»®Ö ô ÜÑ× ïðòééïéñ°»»®¶òîðéð íñïî



øî÷ ¿´»®¬æ ¿´»®¬ ¬± ±«® ¿°°®±¿½¸ ¾«¬ ´»¿ª»­ ¬¸» ²»­¬ ±²´§ ©¸»² ©» ¿®» ¿¬ ¬¸» ¾¿­» ±º ¬¸» ²»­¬

¬®»»ô «¬¬»®­ ©¿®²·²¹ ½¿´´­ô ·®®»¹«´¿®´§ ­°±¬¬»¼ °¿­­·²¹ ¬¸» ²»­¬ ¬®»» ¼«®·²¹ ¬¸» ë ³·²

°»®·±¼å

øí÷ ¿²¹®§æ ¿´»®¬ ¬± ±«® ¿°°®±¿½¸ ¿²¼ ¼±»­ ²±¬ ´»¿ª» ¬¸» ²»­¬ ©¸·´» ©» ­¬¿²¼ ¿¬ ¬¸» ¾¿­» ±º

¬¸» ²»­¬ ¬®»»ô ´»¿ª»­ ¬¸» ²»­¬ ±²´§ ¿º¬»® ¹»²¬´» ­¸¿µ·²¹ ±º ¬¸» ²»­¬ ¬®»»ô «¬¬»®­ ®»°»¿¬»¼

©¿®²·²¹ ½¿´´­ô ®»³¿·²­ ·² »§»ó½±²¬¿½¬ ©·¬¸ ¬¸» ²»­¬ º®±³ ¿¼¶¿½»²¬ ¬®»»­å

øì÷ ·²¬»²­»æ ¿´»®¬ ¬± ±«® ¿°°®±¿½¸ô ¼±»­ ²±¬ ´»¿ª» ¬¸» ²»­¬ ©¸·´» ©» ­¬¿²¼ ¿¬ ¾¿­» ±º ¬¸» ²»­¬

¬®»»ô ®»º«­»­ ¬± ´»¿ª» ¬¸» ²»­¬ »ª»² ©¸»² ¬¸» ¬®»» ·­ ­¸¿µ»²ô ®»­°±²¼­ ¾§ ¿¹¹®»­­·ª» ©·²¹

¾»¿¬·²¹ ¿¹¿·²­¬ ²»­¬ »¼¹»ô ¿¹¹®»­­·ª» °±­¬«®·²¹ñ³¿²¬´·²¹ ±² ¬¸» ²»­¬ò

É» «­»¼ ¿ Ò·µ±² Ú±®»­¬®§ ÐÎÑ øÒ·µ±² Ê·­·±²ô Ì±µ§±ô Ö¿°¿²÷ ¬± ³»¿­«®» ²»­¬ ¸»·¹¸¬

¿²¼ ¼·­¬¿²½» ¬± ¬¸» °¿¬¸ò É» ½¿¬»¹±®·¦»¼ ¬¸» ¸¿¾·¬¿¬ô ©¸»®» ¬¸» ²»­¬ ©¿­ ´±½¿¬»¼ô ·²¬± º±«®

¬§°»­ ¿½½±®¼·²¹ ¬± ¬¸» ²«³¾»® ±º ¬®»»­ ¿²¼ ¾¿­¿´ ¿®»¿ ©·¬¸·² ¿ ®¿¼·«­ ±º ïðð ³ ¿®±«²¼ ¬¸»

²»­¬ ¬®»»æ

øï÷ Ê»®§ ¼»²­» ­¬¿²¼ ½±³°®·­»¼ ±º »·¬¸»® §±«²¹ ­°®«½» øÐ·½»¿ ­°°ò÷ ±® °·²» øÐ·²«­ ­°°ò÷
©·¬¸ âïë ½³ ¼·¿³»¬»® ¿¬ ¾®»¿­¬ ¸»·¹¸¬ øÜÞØ÷å

øî÷ Ü»²­» ­¬¿²¼ ½±³°®·­»¼ ±º »·¬¸»® ±²» ¬®»» ­°»½·»­ ±® ³·¨»¼ ½±²·º»®±«­ ø­°®«½»ô °·²»

¿²¼ ´¿®½¸ô Ô¿®·¨ ­°°ò÷ ©·¬¸ ¼·¿³»¬»® âíð ½³ ÜÞØå

øí÷ º«´´ó¹®±©² ³·¨»¼ º±®»­¬ ©·¬¸ ¼·¿³»¬»® äíð ½³ ÜÞØå

øì÷ Í±´·¬¿®§ô º«´´§ó¹®±©² ¬®»»­ ·² ½·¬§ °¿®µ­ô ¿²¼ ½»³»¬»®·»­ò

Ü¿¬¿ ¿²¿´§­»­

Ù»²»®¿´·¦»¼ ´·²»¿® ³±¼»´­ øÙÔÓ÷©·¬¸ ¾·²±³·¿´ ¼·­¬®·¾«¬·±² ±º »®®±®­ ±º ®»­°±²­» ª¿®·¿¾´»­

ø·ò»òô °®»­»²½» ±® ¿¾­»²½» ±º ½»®¬¿·² ¬§°» ±º ®»¿½¬·±²÷ ©»®» »³°´±§»¼ ¬± ¿²¿´§­» °±­­·¾´» »ºó

¸¿¾·¬¿¬å ¼·­¬¿²½» ¬± °¿¬¸å ·²¼·ª·¼«¿´·¬§÷ «­·²¹ Î øÎ Ü»ª»´±°³»²¬ Ý±®» Ì»¿³ô îðïï÷ò Ü¿¬¿ ±²
²»­¬ ¸»·¹¸¬ ¿²¼ ·¬­ ¼·­¬¿²½» º®±³ ¬¸» °¿¬¸ ©»®» ´±¹¿®·¬¸³·½¿´´§ ¬®¿²­º±®³»¼ ¬± ¿°°®±¿½¸

²±®³¿´·¬§ò Ì¸» ²»­¬ ¸»·¹¸¬ ø½±²¬·²«±«­ ª¿®·¿¾´»÷ ¿²¼ ¸¿¾·¬¿¬ ø½¿¬»¹±®·½¿´ ª¿®·¿¾´»÷ ©»®»

²±¬ ·²¼»°»²¼»²¬ øÚ Ü íìæïèîô Üº Ü íô Ð ä ðæððï÷ ¿²¼ ¬¸»®»º±®» ±²´§ ¬¸» ¸¿¾·¬¿¬ ©¿­ «­»¼

·² ¬¸» ¿²¿´§­·­ò ß´¬¸±«¹¸ ¬¸·­ ª¿®·¿¾´» ·­ ³±®» ½±³°´»¨ô ·¬ ·­ ³±®» ®»´»ª¿²¬ ¬± ¬¸» ±¾¶»½¬ ±º

±«® ­¬«¼§ò ×²¼·ª·¼«¿´·¬§ ±º ¬¸» º»³¿´» ©¿­ º¿½¬±®»¼ ©·¬¸ ¿ ®¿²¼±³ »ºº»½¬ò ×²¼·ª·¼«¿´·¬§ ©¿­

«­»¼ ¾»½¿«­» »¿½¸ º»³¿´»ù­ ®»­°±²­» ©¿­ ·²½´«¼»¼ ·² ¬¸» ³±¼»´ ¬©·½» ø·²½«¾¿¬·±²ñ¾®±±¼÷ò

Þ§ «­» ±º ¬¸» ·²¼·ª·¼«¿´·¬§ ·²¼»¨ ©» ¿ª±·¼»¼ °­»«¼±®»°´·½¿¬·±² ¹·ª»² ¬¸¿¬ ¬©± ±¾­»®ª¿¬·±²­

©»®» ½±²¼«½¬»¼ ¿¬ »¿½¸ ²»­¬ò É» ®¿² ¿ ³±¼»´ º±® »¿½¸ º»³¿´»ù­ ®»¿½¬·±² ®»­«´¬·²¹ ·² º±«®

­»°¿®¿¬» ³±¼»´­ò Ú«´´ ³±¼»´­ô ½±²¬¿·²·²¹ ¿´´ »¨°´¿²¿¬±®§ ª¿®·¿¾´»­ô ©»®» ¬¸»² ­·³°´·º·»¼ô

·ò»òô ¿´´ ²±²ó­·¹²·º·½¿²¬ »¨°´¿²¿¬±®§ ª¿®·¿¾´»­ øÐ â ðæðë÷ ©»®» »¨½´«¼»¼ ­¬»°ó¾§ó­¬»°ô «­·²¹

¬¸» ¾¿½µ©¿®¼ ­»´»½¬·±² °®±½»¼«®» øÝ®¿©´»§ô îððé÷ò Þ»½¿«­» ±º ¬¸» ²¿¬«®» ±º ¬¸» ­¬¿¬·­¬·½¿´
¿²¿´§­·­ô ¬¸» ­·¹²·º·½¿²½» ´»ª»´ º±® ¬¸» º·²¿´ ®»­«´¬­ ©¿­ ¬·¹¸¬»²»¼ øÐ ä ðæðï÷ ¬± ®»¼«½»

¬§°» × »®®±®ò Þ»º±®» ©» «­»¼ ¬¸» º·²¿´ ³±¼»´ ©» ¬»­¬»¼ ·¬­ °¿®­·³±²§ ¿²¼ ½±³°¿®»¼ ¬¸»

²«´´ ³±¼»´ ©·¬¸ ¬¸» º«´´ ³±¼»´ò Ì¸» º«´´ ³±¼»´ ¼·¼ ²±¬ ·³°®±ª» ¬¸» ­·¹²·º·½¿²½» ¿²¼ ¬¸»

ß×Ý ª¿´«» ©¿­ ´±© ø²«´´ ³±¼»´ ß×Ýæ éíòèïïô º«´´ ³±¼»´ ß×Ýæ êîòçðéô «­»¼ ³±¼»´ ß×Ýæ

êîòêêê÷ò Þ§ ®«²²·²¹ º±«® ¼·ºº»®»²¬ ³±¼»´­ô ©» ©»®» ¿¾´» ¬± ­»» ¬¸» ­»°¿®¿¬» »ºº»½¬ ±º ¬¸»

º¿½¬±®­ ±² »¿½¸ ±º ¬¸» º»³¿´»ù­ ®»­°±²­»­ ø½ºò Í´¿³±ª¿ô Õ´»½µ¿ ú Õ±²ª·½µ¿ô îðïï÷ò

Õ«²½¿ ¿²¼ Ç±­»º øîðïê÷ô Ð»»®Ö ô ÜÑ× ïðòééïéñ°»»®¶òîðéð ìñïî



Ì¿¾´» ï Ý±³°¿®¿¬·ª» ®»­°±²­» ±½½«®®»²½» ±º º»³¿´»­ Û«®¿­·¿² ­°¿®®±©¸¿©µ øß½½·°·¬»® ²·­«­÷ ©¸»² ·²½«¾¿¬·²¹ »¹¹­ ¿²¼ ¾®±±¼·²¹ ²»­¬´·²¹ ·²
¬¸» Ý¦»½¸ Î»°«¾´·½ ·² îðïíò

×²½«¾¿¬·±² Þ®±±¼·²¹

Ô±½¿´·¬§ñ®»­°±²­» Íµ·¬¬·­¸ ß´»®¬ ß²¹®§ ×²¬»²­» Ô±½¿´·¬§ñ®»­°±²­» Íµ·¬¬·­¸ ß´»®¬ ß²¹®§ ×²¬»²­»

Ë®¾¿² îéû ðû îïû ëíû Ë®¾¿² îïû ðû ïêû êíû

Î«®¿´ ìéû ïèû îçû êû Î«®¿´ ïèû íëû îçû ïèû

Ì¿¾´» î Ü¿¬¿ ¿²¿´§­»­ ±º ¬¸» ®»­°±²­»­ ±º º»³¿´»­ Û«®¿­·¿² ­°¿®®±©¸¿©µ øß½½·°·¬»® ²·­«­÷ ¬± ¬¸» ¸«³¿² ¿°°®±¿½¸ ·² ¬¸» Ý¦»½¸ Î»°«¾´·½ ·²

Î»¿½¬·±² ï Î»¿½¬·±² î Î»¿½¬·±² í Î»¿½¬·±² ì
î
ï Ð Û­¬ò ÍÛ î

ï Ð Û­¬ò ÍÛ î
ï Ð Û­¬ò ÍÛ î

ï Ð Û­¬ò ÍÛ

Ô±½¿´·¬§æ ­¬¿¹» îòéç ðòðç ðòîì ðòïë íòèë ðòðì ðòîì ðòïë ðòðç ðòéë ðòëî ðòïé ðòðï ðòçð ðòðï ðòïï

Í¬¿¹» ìòèð ðòðî ðòîç ðòïï íòïí ðòðé ðòîç ðòïï ðòïï ðòéí ðòðð ðòïî ìòîì ðòðí ðòïî ðòðè

Ô±½¿´·¬§ ðòðï ðòçð ðòïï ðòïë êòðé ðòðï ðòïï ðòïë ðòéç ðòíé ðòðè ðòðî êòíî ðòðï ðòíë ðòïë

Ð¿¬¸ ðòìî ðòëï ðòðì ðòðê ðòéê ðòíè ðòðì ðòðê ðòîî ðòêí ðòðí ðòðê îòçð ðòðè ðòïï ðòðê

Ø¿¾·¬¿¬ íòíð ðòðê ðòïé ðòï ðòïê ðòêè ðòïé ðòíë ðòíî ðòëé ðòðë ðòðç ðòçê ðòíî ðòðç ðòïð

Ú®»¯«»²½§ ±º »¿½¸ ®»¿½¬·±² ¬§°» ¼«®·²¹ ·²½«¾¿¬·±² ¿²¼ ¾®±±¼·²¹ ©¿­ °®±°±®¬·±²¿´´§

»¨°®»­­»¼ ¿­ ¿ ®»­«´¬ ±º °®»­»²½» ±º ¬¸» ®»¿½¬·±² º®±³ ¬¸» ¬±¬¿´ ±º ±¾­»®ª¿¬·±²­ò

ÎÛÍËÔÌÍ

Ì¸» ®»­°±²­»­ ±º º»³¿´»­ ©»®» ±¾­»®ª»¼ ¿¬ ïé ®«®¿´ ²»­¬ ­·¬»­ ¿²¼ ïç «®¾¿² ²»­¬ ­·¬»­ò ß´´

º±«® ¬§°»­ ±º ²»­¬ ¼»º»²­» ©»®» ±¾­»®ª»¼ ·² ¾±¬¸ ®«®¿´ ¿²¼ «®¾¿² »²ª·®±²³»²¬­ò Ì¸» ³±­¬

º®»¯«»²¬ ¾»¸¿ª·±®­ ±¾­»®ª»¼ ©»®» ¬¸» »¨¬®»³» ®»¿½¬·±²­ô ·ò»òô »·¬¸»® ¬¸» º·®­¬ ø­µ·¬¬·­¸÷ ±®

¬¸» º±«®¬¸ ø·²¬»²­»÷ ¬§°»­ô ©¸·´­¬ ¬¸» ­»½±²¼ ø¿´»®¬÷ ¬§°» ±º ¾»¸¿ª·±® ©¿­ ®»´¿¬·ª»´§ ­½¿®½»

øÌ¿¾´» ï÷ò

Ì¸» ¿ª»®¿¹» ¼·­¬¿²½» º®±³ ¬¸» ²»­¬ ¬± ¬¸» ²»¿®»­¬ ¬®¿·´ ©¿­ êëòð ³ ø ëçòçì ÍÜ÷ ·² ¬¸»

®«®¿´ ¿®»¿ ¿²¼ ííòê ³ ø îçòçë ÍÜ÷ ·² ¬¸» «®¾¿² ¿®»¿ò Ì¸» ¼·­¬¿²½» º®±³ ¬¸» °¿¬¸ ¬± ¬¸» ²»­¬

¿²¼ ¬¸» ¸¿¾·¬¿¬ ¬§°» ¼·¼ ²±¬ ¿ºº»½¬ ¬¸» º»³¿´»­ù ®»­°±²­» ¬± ¸«³¿² ¿°°®±¿½¸ò Ì¸» ´±½¿´·¬§

°´¿§»¼ ¿ ­·¹²·º·½¿²¬ ®±´» ·² ¬¸» ÀÀ¿´»®¬ùù ø î
Ü êæðéô Üº Ü ïô Ð Ü ðæðï÷ ¿²¼ ¬¸» ÀÀ·²¬»²­»ùù

ø î
Ü êæíîô Üº Ü ïô Ð Ü ðæðï÷ ®»­°±²­»­ô ©·¬¸ ÀÀ¿´»®¬ùù ¾»·²¹ ³±­¬ ½±³³±²´§ ±¾­»®ª»¼ ¿¬

®«®¿´ ­·¬»­ô ©¸·´» ¬¸» ÀÀ·²¬»²­»ùù ®»­°±²­» ©¿­ ³±­¬ ½±³³±² ¿¬ «®¾¿² ²»­¬­ò Î»´«½¬¿²½» ¬±

´»¿ª» ¬¸» ²»­¬ ¿²¼ ¿¹¹®»­­·ª» ¾»¸¿ª·±® ¬±©¿®¼­ ¬¸» ¸«³¿²ô ½´¿­­·º·»¼ ¿­ ÀÀ·²¬»²­»ôùù ©»®»

³±®» º®»¯«»²¬ ¿¬ «®¾¿² ­·¬»­ øèìòêû÷ ¬¸¿² ¿¬ ®«®¿´ ­·¬»­ øïëòìû÷ò ß´¬¸±«¹¸ ²±¬ ­¬¿¬·­¬·½¿´´§

­·¹²·º·½¿²¬ô ¿ ¬®»²¼ ©¿­ º±«²¼ ·² ¬¸» »ºº»½¬ ±º ­¬¿¹» ±º ¾®»»¼·²¹ ±² ¬¸» º»³¿´»ù­ ¾»¸¿ª·±® ·²

¬¸» ÀÀ­µ·¬¬·­¸ùù ø î
Ü ìæèðô Üº Ü ïô Ð Ü ðæðî÷ ¿²¼ ÀÀ·²¬»²­»ùù ø î

Ü ìæîìô Üº Ü ïô Ð Ü ðæðíå

Ì¿¾´» îò÷ ®»­°±²­»­ò Ì¸» º·®­¬ ¬§°» ®»­°±²­»å º»³¿´»­ ´»º¬ ¬¸» ²»­¬ ³±®» ©·´´·²¹´§ ©¸·´»

·²½«¾¿¬·²¹ »¹¹­ øêëòðû÷ ¬¸¿² ©¸·´» ¾®±±¼·²¹ §±«²¹ øíëòðû÷ò Ì¸» º±«®¬¸ ¬§°» ®»­°±²­»å

º»³¿´»­ ®»º«­»¼ ¬± ´»¿ª» ¬¸» ²»­¬´·²¹­ ³±®» ¬¸¿² ©¸»² ·²½«¾¿¬·²¹ øëéòéû ª­ò ìîòíû ®»­°ò÷ò

Ì¸» ¬¸·®¼ ¬§°» ±º ¾»¸¿ª·±® ©¿­ ²±¬ ¿ºº»½¬»¼ ¾§ ¿²§ ±º ¬¸» »¨°´¿²¿¬±®§ ª¿®·¿¾´»­ò

Õ«²½¿ ¿²¼ Ç±­»º øîðïê÷ô Ð»»®Ö ô ÜÑ× ïðòééïéñ°»»®¶òîðéð ëñïî



Ú·¹«®» ï Ì¸» ®»´¿¬·±² ±º ²»­¬ ¸»·¹¸¬ ø´±¹ ¬®¿²­º±®³»¼÷ ±² ª»¹»¬¿´ ¼»²­·¬§ ·² ½´±­» ª·½·²·¬§ ±º ¬¸» ²»­¬

¿²¼ ì ¿²¼ ¸¿¾·¬¿¬ ¬§°» ì ·­ ­°¿®­»ô Ý¦»½¸ Î»°«¾´·½ô îðïíò

É» º±«²¼ ¬¸¿¬ ¬¸» ¸»·¹¸¬ ¿¬ ©¸·½¸ ¬¸» ²»­¬ ·­ ¾«·´¬ ·­ ¼»°»²¼»²¬ ±² ¬¸» ¼»²­·¬§ ±º ¬¸»

ª»¹»¬¿¬·±² ­«®®±«²¼·²¹ô ¬¸» ²»­¬ ¬®»» øÚ Ü íìæïèîô Üº Ü íô Ð ä ðæððï÷ò Ì¸» ­°¿®®±©¸¿©µ­

°´¿½»¼ ¬¸»·® ²»­¬­ ´±©»® ·² ¬®»»­ ©·¬¸ ¼»²­»® ª»¹»¬¿¬·±² øÚ·¹ò ï÷ò

Ü×ÍÝËÍÍ×ÑÒ

Ø¿¾·¬«¿¬·±² ±º ©·´¼´·º» ¬± ¸«³¿² ­»¬¬´»³»²¬­ ¸¿­ ¾»»² ²±¬»¼ ­·²½» ¸«³¿²­ º·®­¬ ½®»¿¬»¼

½±´´»½¬·ª» ½±³³«²·¬·»­ò Ø±©»ª»®ô ¬¸» ­»²­·¬·ª·¬·»­ ¿²¼ ¬¸» ¼»¹®»» ¬± ©¸·½¸ »¿½¸ ­°»½·»­

®»­°±²¼­ ¿®» ²±¬ §»¬ «²¼»®­¬±±¼ ¿²¼ °®±¾¿¾´§ ½¸¿²¹»­ ±² ¿² ¿²²«¿´ ±® ¹»²»®¿¬·±²¿´

¾¿­·­ò Ó¿²§ ¼±³»­¬·½¿¬»¼ ¿²·³¿´­ô »­°»½·¿´´§ ¼±¹­ øÝ¿²·­ º¿³·´·¿®·­÷ô ¿®» µ²±©² ¬± º±´´±©

¬¸» ¸«³¿² ¹¿¦» ¿²¼ «²¼»®­¬¿²¼ ©¸¿¬ ·­ ®»¯«·®»¼ ±º ¬¸»³ô ±® ¿·³ ¬± °´»¿­» ¬¸»·® ¸«³¿²

½±³°¿²·±²ô øØ±®±©·¬¦ô îðïð÷ò ×² ¿¼¼·¬·±²ô ¬¸» ­¬«¼§ ±º ¿²·³¿´ ¾»¸¿ª·±® ·­ ¿´­± µ²±©²

¬± ¹®»¿¬´§ ½±²¬®·¾«¬» ¬± ½±²­»®ª¿¬·±² ±º ¬¸» ­¬«¼·»¼ ­°»½·»­ ·² ¬¸» ©·´¼ øÝ´»³»²­ ú
Þ«½¸¸±´¦ô ïççé÷ò Ø»²½»ô ©» »¨¿³·²»¼ ²»­¬ ¼»º»²­» ¾»¸¿ª·±® ±º º»³¿´» ­°¿®®±©¸¿©µ­

¼«®·²¹ ¬¸» ·²½«¾¿¬·±² ¿²¼ ¬¸» ¾®±±¼·²¹ ­¬¿¹»­ ±º ¬¸» ®»°®±¼«½¬·ª» ½§½´»ô ¿­ ¿ º«²½¬·±²

±º ¼·­¬¿²½» º®±³ ¬¸» ¸«³¿²óº®»¯«»²¬»¼ ¬®¿·´ ¬± ¬¸» ²»­¬ ¿²¼ ®«®¿´ñ«®¾¿² ¸¿¾·¬¿¬­ò Ñ«®

¸§°±¬¸»­·­ ©¿­ ®»°«¼·¿¬»¼ ¾»½¿«­» ¸¿¾·¬«¿¬·±² ¬± ¸«³¿²­ ¸¿¼ ¿ ²»¹¿¬·ª» ·²º´«»²½» ±² ¬¸»

­°¿®®±©¸¿©µ­ ¿²¼ ¬¸»·® ®»¿½¬·±²­ ©»®» ­·¹²·º·½¿²¬´§ ³±®» ¿¹¹®»­­·ª» ·² ¬¸» «®¾¿² ¿®»¿ò

Ûª»² ¬¸±«¹¸ ­°¿®®±©¸¿©µ­ ·² Ð®¿¹«» ¿®» »¨°±­»¼ ¬± ²±²¬¸®»¿¬»²·²¹ ¸«³¿²­ ³±®» ±º¬»²

¬¸¿² ¿®» ­°¿®®±©¸¿©µ­ ·² ®«®¿´ ¿®»¿­ô ¿²¼ ¸¿ª» ¹®»¿¬»® ±°°±®¬«²·¬·»­ ¬± ´»¿®² º®±³ ¬¸»·®

·²¬»®¿½¬·±²­ô ¬¸»·® ®»­°±²­»­ ©»®» ³±®» ¿¹¹®»­­·ª»ò Í«½¸ ¿¹¹®»­­·ª»²»­­ ·² «®¾¿² ¾®»»¼·²¹

¾·®¼­ ©¿­ ±¾­»®ª»¼ ¿´­± ·² ±¬¸»® ­°»½·»­ øÕ²·¹¸¬ô Ù®±«¬ ú Ì»³°´»ô ïçèé÷ò Ì¸·­ ¼±»­ ²±¬
­«°°±®¬ ±«® ¸§°±¬¸»­»­ ©¸»®»·² ©» ¬¸±«¹¸¬ ¬¸¿¬ ¬¸» ½±²¬·²«±«­ »¨°±­«®» ¿²¼ ½±²¬¿½¬ ©·¬¸

¸«³¿²­ ©±«´¼ ¿´´±© ¬¸» ­°¿®®±©¸¿©µ­ ¬± ¸¿¾·¬«¿¬» ¬± ¬¸» ½±²­¬¿²¬ ¼·­¬«®¾¿²½»ò Ñ² ¬¸»

½±²¬®¿®§ô ©» ¼·­½±ª»®»¼ ¬¸¿¬ ¬¸» º»³¿´»­ ·² «®¾¿² ¿®»¿­ ¿°°»¿®»¼ ¬± ¸¿ª» ³«½¸ ¸·¹¸»® ­¬®»­­

´»ª»´­ ¬¸¿² ¬¸±­» ·² ¬¸» ®«®¿´ ¿®»¿­ò ×² ®«®¿´ ¿®»¿­ô ¾®»»¼·²¹ ­°¿®®±©¸¿©µ­ ¿ª±·¼»¼ ¸«³¿²­

·² ­°·¬» ±º ³·²·³¿´ ±® ²± °®·±® ½±²¬¿½¬ò ×² Ö¿°¿²ô ß¾» »¬ ¿´ò øîððé÷ ¼»³±²­¬®¿¬»¼ ¬¸¿¬ ·²

Õ«²½¿ ¿²¼ Ç±­»º øîðïê÷ô Ð»»®Ö ô ÜÑ× ïðòééïéñ°»»®¶òîðéð êñïî



­°·¬» ±º ¬¸» ¿¾­»²½» ±º °»®­»½«¬·±²ô ­°¿®®±©¸¿©µ­ ½¸±­» ¬± ²»­¬ ·² ®»´¿¬·ª»´§ «²¼·­¬«®¾»¼

°±®¬·±²­ ±º ¸¿¾·¬¿¬ô ·² ½±³°¿®·­±² ¬± °´¿½»­ ±º ·²½®»¿­»¼ ¸«³¿² ¿½¬·ª·¬§ò

Ø«³¿²­ ¿®» µ²±©² ¬± ·³°¿½¬ ©·´¼´·º» ©·¬¸ ¿´³±­¬ »ª»®§ ¿½¬·ª·¬§ ·² ©¸·½¸ ©» ·²¼«´¹»

øÙ´¿­­±²ô Ù±¼º®»§ ú Ù±±¼»§ô ïççëå Õ²·¹¸¬ ú Ù«¬¦©»·´´»®ô ïççëå Î»·² ú Í½¸¿®°ºô ïççé÷ò Ì¸»
¼·­¬¿²½» º®±³ ¬¸» °¿¬¸ ¬± ¬¸» ²»­¬ ©¿­ ­¸±®¬»® ·² Ð®¿¹«» ©¸»®» °¿®µ­ ¿®» ®»¹«´¿®´§ «­»¼ ¾§

¸«³¿²­ º±® ®»½®»¿¬·±²¿´ °«®°±­»­ò Ñ«® º·²¼·²¹­ ½±²½«® ©·¬¸ Í³·¬¸ô Þ±­¿µ±©­µ· ú Ü»ª·²»
øïççç÷ ©¸± ¿´­± º±«²¼ ¿ ­·³·´¿® °¿¬¬»®² ·² ±¬¸»® ¿ª·¿² ­°»½·»­ ²»­¬·²¹ ·² ¾±¬¸ ®«®¿´ ¿²¼

«®¾¿² »²ª·®±²³»²¬­ò Ì¸» ®»½®»¿¬·±²¿´ °¿¬¸ ®»°®»­»²¬­ ¿² ±°»² ­°¿½» º±® º´§·²¹ ¾·®¼­ ¿²¼

¿¼«´¬­ ±º¬»² ¬¿µ» ¿¼ª¿²¬¿¹» ±º ¬¸»³ »­°»½·¿´´§ ©¸»² ¾®·²¹·²¹ º±±¼ ¬± ¬¸» ²»­¬ øÕ»²©¿®¼ô
îððê÷ò Þ»­·¼»­ ¬¸» º¿½¬ ¬¸¿¬ ·¬ ·­ »¿­·´§ ¿­­«³»¼ ¬¸¿¬ ²»­¬·²¹ ¾·®¼­ ·² «®¾¿² ¿®»¿­ ­¸±«´¼ ¾»

¸¿¾·¬«¿¬»¼ ¬± ¸«³¿² °®»­»²½»ô ¬¸» ¿¹¹®»­­·ª» ®»¿½¬·±² ©¿­ ¹®»¿¬»­¬ ·² ¬¸»­» ­«®®±«²¼·²¹­ò

Ì¸·­ ´»¿¼­ «­ ¬± ½±²­·¼»® ¬¸» °±·²¬ ¬¸¿¬ ©» ¿­­«³» ¬¸¿¬ «®¾¿²©·´¼´·º» «²¼»®¹± ¿ ¸¿¾·¬«¿¬·±²

°®±½»­­ ¿²¼ ¸»²½» ¿®» ¿¾´» ¬± ´·ª» ·² «®¾¿² ¿®»¿­ò ×² ¿ ¸·¹¸ ¼·­¬«®¾¿²½» »²ª·®±²³»²¬

¸¿¾·¬«¿¬·±² ¬± ¬¸» ¼·­¬«®¾·²¹ ­¬·³«´«­ ·­ ¿­­«³»¼ ¬± ¾» ¿¼¿°¬·ª»ô ¿²¼ ·² «®¾¿² ­»¬¬·²¹­ ¬¸·­

·­ ´·µ»´§ ¬± ¬¿µ» ¬¸» º±®³ ±º ²±·­» ±® ¸«³¿²­ °¿­­·²¹ ½´±­» ¬± ¬¸» ²»­¬ò Ì¸»­» ©·´´ ¾» ´¿®¹»´§

¸¿®³´»­­ô ­± ·² ¬¸·­ ­·¬«¿¬·±²ô ¸¿¾·¬«¿¬·±² ©±«´¼ ­«®»´§ ¾» ±º ¾»²»º·¬ ¬± ¬¸» ¾·®¼­ô ¿­ ¬¸»§

©·´´ ­°»²¼ ³±®» ¬·³» ¿¬ ¬¸» ²»­¬ ¿²¼ ¿´­± ¼®¿© ´»­­ ¿¬¬»²¬·±² ¬± ¬¸» ´±½¿¬·±² ±º ¬¸» ²»­¬

­·¬»ò Ø±©»ª»®ô ¬¸» »¨¬®»³» ¾»¸¿ª·±®­ ¼·­°´¿§»¼ ¾§ ¬¸» º»³¿´» ­°¿®®±©¸¿©µ­ ·² ¬¸» ¼»º»²­»

±º ¬¸»·® ²»­¬­ ¿½¬«¿´´§ ­«¹¹»­¬ ¬¸·­ ©·¼»­°®»¿¼ ¿­­«³°¬·±² ¬± ¾» ·²½±®®»½¬ ¿²¼ ¬¸¿¬ ©·´¼´·º»ô

®»¹¿®¼´»­­ ±º ¬¸» ¿³±«²¬ ±º ¸«³¿² °®»­»²½»ô ¼±»­ ²±¬ ®»¿´´§ ¿¼¶«­¬ ¬± ±«® ¿½¬·ª·¬·»­ò ×² º¿½¬ô

©·´¼´·º» ®»³¿·²­ ¿°°®»¸»²­·ª» ±º ±«® °®»­»²½» ¿²¼ ¬¸» ¸·¹¸ ´»ª»´­ ±º ¼·­¬«®¾¿²½» ¿°°»¿® ¬±

®»­«´¬ ·² ·²½®»¿­»¼ ´»ª»´­ ±º ¿¹¹®»­­·±² ¬±©¿®¼­ ¬¸±­» ¬¸¿¬ ¼·­¬«®¾ ¬¸» ²»­¬ó¬®»»ô ·®®»­°»½¬·ª»

±º ¬¸» ÀÀ¸¿¾·¬«¿¬·±²òùù

Ñ«® º·²¼·²¹­ ­«¹¹»­¬ ¬¸¿¬ ¬¸» ¼·­¬¿²½» º®±³ ¬¸» °¿¬¸ ¬± ¬¸» ²»­¬ ·­ ²±¬ ¿­ ·³°±®¬¿²¬

º±® ½¸±±­·²¹ ¬¸» ²»­¬ ­·¬» ¿­ ¬¸» ­¬®«½¬«®» ±º ¬¸» ­«®®±«²¼·²¹ ©±±¼­ ¿²¼ ¬¸» ­°»½·º·½

¬®»» ½¸±­»² ·² ©¸·½¸ ¬± ¾«·´¼ ¬¸» ²»­¬ò Ì¸»­» º·²¼·²¹­ ¿®» ­·³·´¿® ¬± ¬¸±­» ±º Ò»©¬±²
øïçèê÷ò Ú«®¬¸»®³±®»ô ·¬ ¿°°»¿®­ ¬¸¿¬ ¿´¬¸±«¹¸ ¬¸» ­°¿®®±©¸¿©µ­ ¸¿ª» ¿¼¿°¬»¼ ¬± ´·ª·²¹

·² «®¾¿² ¿®»¿­ ¬¸»§ ¸¿ª» ²±¬ ¿¼¿°¬»¼ ¬± ¸«³¿² ¼·­¬«®¾¿²½»ô ²±® ´±­¬ ¬¸»·® ¼»º»²­·ª»

³»½¸¿²·­³­ò Ñ«® ®»­«´¬­ ­«¹¹»­¬ ¬¸¿¬ ¬¸» «®¾¿² ¾®»»¼·²¹ °¿·®­ ¿®» ½±²­¬¿²¬´§ ¿¬ ¹®»¿¬»®

­¬®»­­ ´»ª»´­ ¬¸¿² ½±²­°»½·º·½­ ¾®»»¼·²¹ ·² ®«®¿´ ¿®»¿­ò ×² ½±²­·¼»®¿¬·±² ±º ¬¸» ­·¹²·º·½¿²¬

º¿½¬ ¬¸¿¬ ®¿°¬±®­ ¾®»»¼ ·² «®¾¿² »²ª·®±²³»²¬­ ø»ò¹òô Þ·®¼ô Ê¿®´¿²¼ ú Ò»¹®±ô ïççêå Þ»®®§ô
Þ±½µ ú Ø¿·®» ô ïççè÷ô ·¬ ·­ ·³°±®¬¿²¬ ¬± »´«½·¼¿¬» ¬¸» °¸§­·±´±¹·½¿´ ¼·ºº»®»²½»­ ¾»¬©»»² ¬¸»

¬©± °±°«´¿¬·±²­ ·² º«¬«®» ­¬«¼·»­ô ¾§ »ª¿´«¿¬·²¹ ¬¸» ¼·ºº»®»²¬ ­¬®»­­ ´»ª»´­ «­·²¹ ¼·ª»®­»

¬»½¸²·¯«»­ ­«½¸ ¿­ ½±®¬·½±­¬»®±²» ´»ª»´­ ø»ò¹òô Þ±®¬±´±¬¬· »¬ ¿´òô îððèå Þ±®¬±´±¬¬· »¬ ¿´òô îððç÷
±® °¬·´±½¸®±²±´±¹§ ø»ò¹òô Ù±³¾±¾¿¿¬¿®ô Ç±­»º ú Ñ¼µ¸««ô îððç÷ò

Ñ²» ±º ¬¸» ³¿·² °®»¼·½¬±®­ ±º ¬¸» º»³¿´» ­°¿®®±©¸¿©µ­ù ®»­°±²­» ¬± ¸«³¿² ¿°°®±¿½¸

©¿­ ¬¸» ­¬¿¹» ±º ¬¸» ¾®»»¼·²¹ ½§½´»ò ×² ¾±¬¸ô ¬¸» «®¾¿² ¿²¼ ®«®¿´ ­°¿®®±©¸¿©µ­ô ¬¸»

º»³¿´»­ ¼»º»²¼»¼ ¬¸»·® ¾®±±¼­ ³±®» ¬»²¿½·±«­´§ ¬¸¿² ©¸»² ·²½«¾¿¬·²¹ ¬¸»·® »¹¹­ò Ì¸»

´¿¬»® ¬¸» °®±ª±½¿¬·±² ©¿­ ·² ¬¸» ¾®»»¼·²¹ ½§½´»ô ¬¸» ³±®» ¿¹¹®»­­·ª» ¬¸» ®»¿½¬·±² ±º ¬¸»

¾·®¼­ ©¿­ ¬± ¸«³¿²­ô ¿²¼ñ±® ¬¸» ³±®» ®»´«½¬¿²¬ ¬¸» º»³¿´» ­°¿®®±©¸¿©µ­ ©»®» ¬± ´»¿ª»

¬¸» ²»­¬ò Í·³·´¿® ®»­«´¬­ ©»®» ¿¬¬¿·²»¼ ·² ±¬¸»® ¿ª·¿² ­°»½·»­ ¬¸¿¬ ©»®» ¿´­± ¿°°®±¿½¸»¼ ¾§

¸«³¿²­ øß²¼»®­»²ô ïççðå Í°®±¿¬ ú Î·¬½¸·²­±²ô ïççíå Í»®¹·± ú Þ±¹´·¿²·ô îððï÷ ­«°°±®¬·²¹
¬¸» °¿®»²¬¿´ ·²ª»­¬³»²¬ ¬¸»±®§ øÌ®·ª»®­ô ïçéî÷ò

Õ«²½¿ ¿²¼ Ç±­»º øîðïê÷ô Ð»»®Ö ô ÜÑ× ïðòééïéñ°»»®¶òîðéð éñïî



Ì©± ±¬¸»® º¿½¬±®­ ¬¸¿¬ ©»®» ²±¬ »ª¿´«¿¬»¼ ·² ±«® ­¬«¼§ ¾«¬ ½±«´¼ °±¬»²¬·¿´´§ ¸¿ª» ¿²

·³°¿½¬ ±² ¿ º»³¿´»­ù ¾»¸¿ª·±® ¿®» ¬¸» ¿¹» ¿²¼ ¾®»»¼·²¹ »¨°»®·»²½» ±º ¬¸» º»³¿´» ¿²¼ ½´«¬½¸

­·¦»ò ×º ¬¸» ­«¹¹»­¬·±²­ ±º Õ²·¹¸¬ ú Ì»³°´» øïçèê÷ ¿®» ½±®®»½¬ ¬¸»² ·¬ ·­ °±­­·¾´» ¬¸¿¬ ±´¼»®

º»³¿´»­ô ©·¬¸ ·²½®»¿­·²¹ »¨°»®·»²½»ô ©·´´ ®»¿½¬ ¼·ºº»®»²¬·¿´´§ ¬± ¸«³¿²­ ¿­ ½±³°¿®»¼ ¬±

§±«²¹»®ô ·²»¨°»®·»²½»¼ º»³¿´»­ò ß´­±ô ·² ±®¼»® ¬± º«®¬¸»® ª»®·º§ ¬¸» °¿®»²¬¿´ ·²ª»­¬³»²¬

¬¸»±®§ øÌ®·ª»®­ô ïçéî÷ ©» ½±²­·¼»® ·¬ °®±¾¿¾´» ¬¸¿¬ º»³¿´»­ ©·´´ ¼»º»²¼ ´¿®¹»® ½´«¬½¸»­ ³±®»

ª·¹±®±«­´§ ¿­ ½±³°¿®»¼ ¬± ­³¿´´»® ±²»­ô ¼»­°·¬» ¬¸» ­¬«¼§ ±º Ñ­·»¶«µ ú Õ«½¦§²­µ· øîððé÷
©¸± º±«²¼ ¬¸» »ºº»½¬ ±º ½´«¬½¸ ­·¦» ±² º´«­¸·²¹ ¼·­¬¿²½» ©¿­ ­³¿´´ ¿²¼ ¼·¼ ²±¬ ­«°°±®¬ ¬¸»

°¿®»²¬¿´ ·²ª»­¬³»²¬ ¬¸»±®§ò ×² ¹»²»®¿´ô ¬¸» ­°¿®®±©¸¿©µù­ ¾»¸¿ª·±® ½±«´¼ ¿´­± ¾» ¿´¬»®»¼

¾§ ¸«³¿² °»®­»½«¬·±²ò Ì¸·­ ­¬«¼§ ¼±»­ ²±¬ ®»ª»¿´ ©¸»¬¸»® ¬¸» ®»¼«½»¼ ²»­¬ ¼»º»²­» ·²

®«®¿´ ­°¿®®±©¸¿©µ­ ·­ ¿ ½¸¿²¹» ·² ¹»²» º®»¯«»²½§ ¼«» ¬± °»®­»½«¬·±² ±º ³±®» ¿¹¹®»­­·ª»

¿²¼ ´»­­ ½¿«¬·±«­ ·²¼·ª·¼«¿´­ ±® ©¸»¬¸»® ·²½®»¿­»¼ ¿¹¹®»­­·ª»²»­­ ·² «®¾¿² ­°¿®®±©¸¿©µ­

·­ ´»¿®²»¼ ¿­ ¿ ®»­«´¬ ±º ¬¸» ¹®»¿¬»® º®»¯«»²½§ ±º ¼·­¬«®¾¿²½»ò

ß²±¬¸»® ·³°±®¬¿²¬ °±·²¬ ¬¸¿¬ ®»­«´¬»¼ º®±³ ¬¸·­ ­¬«¼§ ·­ ¬¸» º¿½¬ ¬¸¿¬ ­°¿®®±©¸¿©µ­

¼·­°´¿§ ¬¸» ¿¾·´·¬§ ¬± ½¸±±­» ¬¸» ¸»·¹¸¬ ¿¬©¸·½¸ ¬± °´¿½» ¬¸»·® ²»­¬ ¿­ ¿ º«²½¬·±² ±º ¬¸» ¼»²­·¬§

±º ¬¸» ª»¹»¬¿¬·±² ­«®®±«²¼·²¹ ¬¸» ²»­¬ ¬®»» øÚ·¹ò ï÷ò É» ¿­­«³» ¬¸¿¬ ¬¸·­ ³¿§ ²±¬ ®»¿´´§

¾» ¬¸» ½¿­» ¿²¼ ¬¸¿¬ ­°¿®®±©¸¿©µ­ ¿®» «²¿¾´» ¬± ¼·­½»®² ±® »ª¿´«¿¬» ª»¹»¬¿¬·±² ¼»²­·¬§ô

¾«¬ ®»½±¹²·¦» ²·½¸»­ ¬¸¿¬ ©·´´ ¸·²¼»® ¬¸» ¿°°®±¿½¸ ±º ¿ °±¬»²¬·¿´ °®»¼¿¬±®ò É» ¬¸·²µ ¬¸¿¬

¾»½¿«­» º´·¹¸¬ ·­ ¬¸» ³±­¬ »¨°»²­·ª» ¾»¸¿ª·±® ø½ºò Ò±®¾»®¹ô ïççë÷ô »­°»½·¿´´§ ©¸»² ½¿®®§·²¹

»¨¬®¿©»·¹¸¬ ·² ¬¸» º±®³±º °®»§ ¬± ¬¸» ²»­¬å ·¬ ©±«´¼ ¾» ¿¼ª¿²¬¿¹»±«­ º±® ¬¸» ¾®»»¼·²¹°¿·® ¬±

²»­¬ ´±© ¿²¼ ¬± ­¿ª» ¬¸» »²»®¹§ ·²ª»­¬»¼ ·² º´§·²¹ ¬± ¬¸» ¸·¹¸»® °¿®¬­ ±º ¬¸» ¬®»»ò Ì¸·­ ½±²½«®­

©·¬¸Ò»©¬±² øïçèê÷ô ©¸± ¿´­± º±«²¼ ¬¸¿¬ ²»­¬ ¸»·¹¸¬ ©¿­ ¼·½¬¿¬»¼ ¾§ ª»¹»¬¿´ ¼»²­·¬§ ¿²¼ ¿¹»ò

ÝÑÒÝÔËÍ×ÑÒÍ

É» º±«²¼ ¬¸¿¬ º»³¿´» ­°¿®®±©¸¿©µ­ ¾®»»¼·²¹ ·² ¬¸» «®¾¿² »²ª·®±²³»²¬ ±º ¬¸» ½·¬§ ±º

Ð®¿¹«» ¼·­°´¿§»¼ ¿ ¹®»¿¬»® ¼»¹®»» ±º ¿¹¹®»­­·±² ¿²¼ ¿¹·¬¿¬·±² ¬¸¿² ¬¸»·® ½±²­°»½·º·½­ ¬¸¿¬

¾®»»¼ ·² ®«®¿´ ¿®»¿­ò Ú«®¬¸»®³±®»ô ©» º±«²¼ ¬¸¿¬ °¿®»²¬¿´ ·²ª»­¬³»²¬ ·² ¬¸» º±®³ ±º ²»­¬

¼»º»²­» ·²½®»¿­»­ ©·¬¸ ¬¸» ¾®»»¼·²¹ ½§½´» ¿²¼ ¬¸¿¬ °¿®»²¬­ ©·¬¸ ²»­¬´·²¹­ ­¸±©»¼ ¹®»¿¬»®

´»ª»´­ ±º ¼»º»²­» ¾»¸¿ª·±® ½±³°¿®»¼ ¬± ©¸»² ¬¸»§ ©»®» ·²½«¾¿¬·²¹ »¹¹­ò ×² ¿¼¼·¬·±²ô ·²

±®¼»® ¬± ¾»¬¬»® ¼»º»²¼ ¬¸»·® ²»­¬­ º®±³ °®»¼¿¬±®­ô ¿²¼ §»¬ ¬± »²¿¾´» »¿­·»® ¿½½»­­ ¬± ¬¸»³ô

·¬ ¿°°»¿®­ ¬¸¿¬ ·² ¼»²­» ª»¹»¬¿¬·±²ô ²»­¬­ ©»®» °´¿½»¼ ½±³°¿®¿¬·ª»´§ ´±©»® ¬¸¿² ¬¸±­» ·²

³±®» ±°»² ª»¹»¬¿¬·±²ò

ßÝÕÒÑÉÔÛÜÙÛÓÛÒÌÍ

É» ¬¸¿²µ Ó·®±­´¿ª �?´»µ ¿²¼ Ü¿ª·¼ Ø±®±¾·² º±® ½±³³»²¬­ ±² ¿² »¿®´·»® ª»®­·±² ±º ¬¸»

°¿°»® ¿²¼ Í«» Ø¿®óÍ¸»º· º±® ¬¸» ·³°®±ª»³»²¬ ±º ¬¸» ´¿²¹«¿¹»ò

ßÜÜ×Ì×ÑÒßÔ ×ÒÚÑÎÓßÌ×ÑÒ ßÒÜ ÜÛÝÔßÎßÌ×ÑÒÍ

Ú«²¼·²¹

Ì¸·­ °®±¶»½¬ ©¿­ º«²¼»¼ ¾§ ¬¸» ×²¬»®²¿´ Ù®¿²¬ ß¹»²½§ ±º ¬¸» Ú¿½«´¬§ ±º Û²ª·®±²³»²¬ô Ý¦»½¸

Ë²·ª»®­·¬§ ±º Ô·º» Í½·»²½»­ô Ð®¿¹«» ø¹®¿²¬ ²±òæ îðïíìîëï ¿²¼ îðïììîíí÷ò Ì¸» º«²¼»®­ ¸¿¼

Õ«²½¿ ¿²¼ Ç±­»º øîðïê÷ô Ð»»®Ö ô ÜÑ× ïðòééïéñ°»»®¶òîðéð èñïî



²± ®±´» ·² ­¬«¼§ ¼»­·¹²ô ¼¿¬¿ ½±´´»½¬·±² ¿²¼ ¿²¿´§­·­ô ¼»½·­·±² ¬± °«¾´·­¸ô ±® °®»°¿®¿¬·±² ±º

¬¸» ³¿²«­½®·°¬ò

Ù®¿²¬ Ü·­½´±­«®»­

Ì¸» º±´´±©·²¹ ¹®¿²¬ ·²º±®³¿¬·±² ©¿­ ¼·­½´±­»¼ ¾§ ¬¸» ¿«¬¸±®­æ

×²¬»®²¿´ Ù®¿²¬ ß¹»²½§ ±º ¬¸» Ú¿½«´¬§ ±º Û²ª·®±²³»²¬ô Ý¦»½¸ Ë²·ª»®­·¬§ ±º Ô·º» Í½·»²½»­ô

Ð®¿¹«»æ îðïíìîëïô îðïììîííò

Ý±³°»¬·²¹ ×²¬»®»­¬­

Ì¸» ¿«¬¸±®­ ¼»½´¿®» ¬¸»®» ¿®» ²± ½±³°»¬·²¹ ·²¬»®»­¬­ò

ß«¬¸±® Ý±²¬®·¾«¬·±²­

Ì±³¿­ Õ«²½¿ ½±²½»·ª»¼ ¿²¼ ¼»­·¹²»¼ ¬¸» »¨°»®·³»²¬­ô °»®º±®³»¼ ¬¸» »¨°»®·³»²¬­ô

¿²¿´§¦»¼ ¬¸» ¼¿¬¿ô ½±²¬®·¾«¬»¼ ®»¿¹»²¬­ñ³¿¬»®·¿´­ñ¿²¿´§­·­ ¬±±´­ô ©®±¬» ¬¸» °¿°»®ô

°®»°¿®»¼ º·¹«®»­ ¿²¼ñ±® ¬¿¾´»­ô ®»ª·»©»¼ ¼®¿º¬­ ±º ¬¸» °¿°»®ò

Î»«ª»² Ç±­»º ½±²¬®·¾«¬»¼ ®»¿¹»²¬­ñ³¿¬»®·¿´­ñ¿²¿´§­·­ ¬±±´­ô ©®±¬» ¬¸» °¿°»®ô ®»ª·»©»¼

¼®¿º¬­ ±º ¬¸» °¿°»®ò

ß²·³¿´ Û¬¸·½­

Ì¸» º±´´±©·²¹ ·²º±®³¿¬·±² ©¿­ ­«°°´·»¼ ®»´¿¬·²¹ ¬± »¬¸·½¿´ ¿°°®±ª¿´­ ø·ò»òô ¿°°®±ª·²¹ ¾±¼§

¿²¼ ¿²§ ®»º»®»²½» ²«³¾»®­÷æ

Ì¸» ¿«¬¸±® ©¿­ ¿«¬¸±®·¦»¼ ¿²¼ ½»®¬·º·»¼ ¬± ½±²¼«½¬ »¨°»®·³»²¬­ñ®»­»¿®½¸ ±² ª»®¬»¾®¿¬»

¿²·³¿´­ ¿½½±®¼·²¹ ¬± ¬¸» ¿½¬ ²±ò îìêñïççî Ý±´´ò ±² °®±¬»½¬·±² ±º ¿²·³¿´­ ¿¹¿·²­¬ ½®«»´¬§ò

Ì¸» ¿²·³¿´­ ©»®» ²±¬ ¸¿²¼´»¼ ¼«®·²¹ ¬¸» »¨°»®·³»²¬å ¬¸»®»º±®» ¬¸»®» ·­ ²± ²»»¼ º±®

¿°°®±ª¿´ò

Ü¿¬¿ ßª¿·´¿¾·´·¬§

Ì¸» º±´´±©·²¹ ·²º±®³¿¬·±² ©¿­ ­«°°´·»¼ ®»¹¿®¼·²¹ ¼¿¬¿ ¿ª¿·´¿¾·´·¬§æ

Ì¸» ®¿© ¼¿¬¿ ¸¿­ ¾»»² ­«°°´·»¼ ¿­ Ü¿¬¿ Íïò

Í«°°´»³»²¬¿´ ×²º±®³¿¬·±²

Í«°°´»³»²¬¿´ ·²º±®³¿¬·±² º±® ¬¸·­ ¿®¬·½´» ½¿² ¾» º±«²¼ ±²´·²» ¿¬ ¸¬¬°æññ¼¨ò¼±·ò±®¹ñïðòééïéñ

°»»®¶òîðéðý­«°°´»³»²¬¿´ó·²º±®³¿¬·±²ò

ÎÛÚÛÎÛÒÝÛÍ

ß¾» Úô Ø¿­»¹¿©¿Ñô Õ«¼± Ìô Ø·¹¿­¸· Íò îððéò Ò»­¬ó­·¬» ­»´»½¬·±² ±º Ò±®¬¸»®² Ù±­¸¿©µ­

¿²¼ Û«®¿­·¿² Í°¿®®±©¸¿©µ­ ·² ¿ º®¿¹³»²¬»¼ ´¿²¼­½¿°» ·² ²±®¬¸»®² Ö¿°¿²ò Ö±«®²¿´ ±º
Î¿°¬±® Î»­»¿®½¸ ìï
ÜÑ× ïðòííëêñðèçîóïðïêøîððé÷ìïÅîççæÒÍÑÒÙßÃîòðòÝÑåîò

ß²¼»®­»² ÜÛò ïççðò Ò»­¬ ¼»º»²­» ¾»¸¿ª·±® ±º ®»¼ó¬¿·´»¼ ¸¿©µ­ò Ý±²¼±® çî
ÜÑ× ïðòîíðéñïíêèéíëò

Þ¿®¿­¸ÜÐò ïçéëò Ûª±´«¬·±²¿®§ ¿­°»½¬­ ±º °¿®»²¬¿´ ¾»¸¿ª·±®æ ¼·­¬®¿½¬·±² ¾»¸¿ª·±® ±º ¬¸»

ß´°·²» ß½½»²¬±®òÉ·´­±² Þ«´´»¬·² èé

Õ«²½¿ ¿²¼ Ç±­»º øîðïê÷ô Ð»»®Ö ô ÜÑ× ïðòééïéñ°»»®¶òîðéð çñïî



Þ»®®§ÓÛô Þ±½µ ÝÛô Ø¿·®» ÍÔò ïççèò ß¾«²¼¿²½» ±º ¼·«®²¿´ ®¿°¬±®­ ±² ±°»² ­°¿½»

¹®¿­­´¿²¼­ ·² ¿² «®¾¿²·¦»¼ ´¿²¼­½¿°»ò Ý±²¼±® ïðð ÜÑ× ïðòîíðéñïíêçéìîò

Þ·®¼ ÜÓô Ê¿®´¿²¼ ÜÛô Ò»¹®± ÖÖò ïççêò Î¿°¬±®­ ·² ¸«³¿² ´¿²¼­½¿°»­æ ¿¼¿°¬¿¬·±² ¬± ¾«·´¬
¿²¼ ½«´¬·ª¿¬»¼ Û²ª·®±²³»²¬­ò Ô±²¼±²æ Î¿°¬±® Î»­»¿®½¸ Ú±«²¼¿¬·±² ¿²¼ ß½¿¼»³·½

Ð®»­­ò

Þ±®¬±´±¬¬· ÙÎô Ó¿®½¸¿²¬ Ìô Þ´¿­ Öô Ý¿¾»¦¿­ Íò îððçò Ì®¿½µ·²¹ ­¬®»­­æ ´±½¿´·­¿¬·±²ô
¼»°±­·¬·±² ¿²¼ ­¬¿¾·´·¬§ ±º ½±®¬·½±­¬»®±²» ·² º»¿¬¸»®­ò Ö±«®²¿´ ±º Û¨°»®·³»²¬¿´ Þ·±´±¹§
îïî ÜÑ× ïðòïîìîñ¶»¾òðîîïëîò

Þ±®¬±´±¬¬· ÙÎô Ó¿®½¸¿²¬ Ìô Þ´¿­ Öô Ù»®³¿² Ìò îððèò Ý±®¬·½±­¬»®±²» ·² º»¿¬¸»®­ ·­ ¿ ´±²¹ó

¬»®³ô ·²¬»¹®¿¬»¼ ³»¿­«®» ±º ¿ª·¿² ­¬®»­­ °¸§­·±´±¹§ò Ú«²½¬·±²¿´ Û½±´±¹§ îî
ÜÑ× ïðòïïïïñ¶òïíêëóîìíëòîððèòðïíèéò¨ò

Ý¸¿½» ÖÚôÉ¿´­¸ ÖÖò îððêò Ë®¾¿² »ºº»½¬­ ±² ²¿¬·ª» ¿ª·º¿«²¿æ ¿ ®»ª·»©ò Ô¿²¼­½¿°» ¿²¼
Ë®¾¿² Ð´¿²²·²¹ éì ÜÑ× ïðòïðïêñ¶ò´¿²¼«®¾°´¿²òîððìòðèòððéò

Ý´»³»²­ ÖÎô Þ«½¸¸±´¦ Îò ïççéò Þ»¸¿ª·±®¿´ ¿°°®±¿½¸»­ ¬± ½±²­»®ª¿¬·±² ·² ¬¸» ©·´¼ ò
Ý¿³¾®·¼¹»æ Ý¿³¾®·¼¹» Ë²·ª»®­·¬§ Ð®»­­ò

Ý®¿©´»§ÓÖò îððéò Ì¸» Î Þ±±µ ò Ý¸·½¸»­¬»®æ Ö±¸²É·´»§ ú Í±²­ Ô¬¼ò

Ü«µ¿­ Îò îððïò Ûºº»½¬­ ±º °»®½»·ª»¼ ¼¿²¹»® ±² º´±©»® ½¸±·½» ¾§ ¾»»­ò Û½±´±¹§ Ô»¬¬»®­
ì ÜÑ× ïðòïðìêñ¶òïìêïóðîìèòîððïòððîîèò¨ò

Û®¦Éò ïçêêò Û½±´±¹·½¿´ °®·²½·°´»­ ·² ¬¸» «®¾¿²·¦¿¬·±² ±º ¾·®¼­ò Ñ­¬®·½¸ íé
ÜÑ× ïðòïðèðñððíðêëîëòïçêêòçêíçèïîò

Ú·­¸»® ÎÖô Ð±«´·² ÎÙô Ì±¼¼ ÔÜô Þ®·¹¸¿³ÎÓò îððìò Ò»­¬ ­¬¿¹»ô ©·²¼ ­°»»¼ô ¿²¼ ¿·®

¬»³°»®¿¬«®» ¿ºº»½¬ ¬¸» ²»­¬ ¼»º»²½» ¾»¸¿ª·±«®­ ±º ¾«®®±©·²¹ ±©´­ò Ý¿²¿¼·¿² Ö±«®²¿´
±º Æ±±´±¹§ èî ÜÑ× ïðòïïíçñ¦ðìóðíëò

Ú«½¸­ Îô �µ±°»µ Öô Ú±®³?²»µ Öô Û¨²»®±ª? ßò îððîò ß¬´¿­ Ø²3¦¼²3¸± Î±¦n3p»²3 Ð¬?µi
Ð®¿¸§ò Ð®¿¸¿æ Ý±²­«´¬ò

Ù´¿­­±² Öô Ù±¼º®»§ Õô Ù±±¼»§ Þò ïççëò Ì±©¿®¼­ Ê·­·¬±® ×³°¿½¬ Ó¿²¿¹»³»²¬ ò ßª»¾«®§æ
ß´¼»®­¸±¬ò

Ù±³¾±¾¿¿¬¿® Íô Ç±­»º Îô Ñ¼µ¸«« Þò îððçò Þ®¿²¼¬ù­ Ê±´» ¼»²­·¬§ ¿ºº»½¬­ ®»°®±¼«½¬·±² ±º

Ë°´¿²¼ Þ«¦¦¿®¼­òÑ®²·­ Ú»²²·½¿ èê
Ù®·³ Ìò îððèò ß®» Þ´¿½µ½¿°­ øÍ§´ª·¿ ¿¬®·½¿°·´´¿÷ ¼»º»²¼·²¹ ¬¸»·® ²»­¬­ ¿´­± ½¿´´ó

·²¹ º±® ¸»´° º®±³ ¬¸»·® ²»·¹¸¾±«®­á Ö±«®²¿´ ±º Ñ®²·¬¸±´±¹§ ïìç
ÜÑ× ïðòïððéñ­ïðííêóððéóðîëéóéò

Ù®«¾¾ ÌÝô Ù®»»²©¿´¼ Ôò ïçèîò Í°¿®®±©­ ¿²¼ ¿ ¾®«­¸ °·´»æ º±®¿¹·²¹ ®»­°±²­»­ ¬± ¼·ºº»®»²¬

½±³¾·²¿¬·±²­ ±º °®»¼¿¬·±² ®·­µ ¿²¼ »²»®¹§ ½±­¬­ò ß²·³¿´ Þ»¸¿ª·±«® íð
ÜÑ× ïðòïðïêñÍðððíóíìéîøèî÷èðïííóìò

Ø±®±©·¬¦ ßò îðïðò ×²­·¼» ±º ¿ ¼±¹ù­ ³·²¼æ ©¸¿¬ ¼±¹­ ­»»ô ­³»´´ ¿²¼ µ²±© ò Ò»© Ç±®µæ

Í½®·¾²»®ò

Õ»²²»§ ÍÐô Õ²·¹¸¬ ÎÔò ïççîò Ú´·¹¸¬ ¼·­¬¿²½»­ ±º ¾´¿½µó¾·´´»¼ ³¿¹°·»­ ·² ¼·ºº»®»²¬ ®»¹·³»­

±º ¸«³¿² ¼»²­·¬§ ¿²¼ °»®­»½«¬·±²ò Ý±²¼±® çì ÜÑ× ïðòîíðéñïíêçîíïò

Õ»²©¿®¼ Îò îððêò Ì¸» ¹±­¸¿©µ ò Ô±²¼±²æ Ð±§­»®ò
Õ²·¹¸¬ ÎÔô Ù®±«¬ ÜÖô Ì»³°´» ÍÍò ïçèéòÒ»­¬ó¼»º»²­» ¾»¸¿ª·±® ±º ¬¸» ß³»®·½¿² ½®±© ·²

«®¾¿² ¿²¼ ®«®¿´ ¿®»¿­ò Ý±²¼±® èç ÜÑ× ïðòîíðéñïíêèééîò

Õ«²½¿ ¿²¼ Ç±­»º øîðïê÷ô Ð»»®Ö ô ÜÑ× ïðòééïéñ°»»®¶òîðéð ïðñïî



Õ²·¹¸¬ ÎÔô Ù«¬¦©»·´´»® ÕÖò ïççëòÉ·´¼´·º» ¿²¼ ®»½®»¿¬·±²·­¬­ò É¿­¸·²¹¬±² ÜÝæ ×­´¿²¼

Ð®»­­ò

Õ²·¹¸¬ ÎÔô Ì»³°´» Íßò ïçèêòÉ¸§ ¼±»­ ¿ª·¿² ²»­¬ ¼»º»²­» ·²½®»¿­» ¼«®·²¹ ¬¸» ²»­¬·²¹

½§½´»á ß«µ ïðí
Ô«²·¿µÓò îððìò

×²æ Í¸¿© Éô Ø¿®®·­ ÔÕô Ê¿²¼®«ºº Ôô »¼­ò Ð®±½»»¼·²¹­ ±º ¬¸» ì¬¸ ·²¬»®²¿¬·±²¿´
­§³°±­·«³ ±º «®¾¿² ©·´¼´·º» ½±²­»®ª¿¬·±² øÉ÷ò Ì«½­±²ò

Ó¿®¦´«ºº ÖÓô Þ±©³¿² Îô Ü±²»´´§ Îò îððïòßª·¿² »½±´±¹§ ¿²¼ ½±²­»®ª¿¬·±² ·² ¿² «®¾¿²·¦ó
·²¹ É±®´¼ò Þ±­¬±²æ Õ´«©»® ß½¿¼»³·½ Ð«¾´·­¸»®­ò

Ó»®®·¬¬ ÐÙò ïçèìò Ñ¾­»®ª»® ®»½±¹²·¬·±² ¾§ ¬¸» Ò±®¬¸»®² Ó±½µ·²¹¾·®¼ò Ö±«®²¿´ ±º Ú·»´¼
Ñ®²·¬¸±´±¹§ ëë

Ó·²·­¬»®­¬ª± Æ»³{¼{´­¬ª3 �Îò îðïìò Ú±®»­¬ ³¿²¿¹»³»²¬ò ßª¿·´¿¾´» ¿¬ ¸¬¬°æññ »¿¹®·ò½¦ñ
°«¾´·½ñ©»¾ñ³¦»ñ ´»­§ñ ­¬¿¬·­¬·µ¿ñ³§­´·ª±­¬ñ¨îððïóîðïðñ ø¿½½»­­»¼ ï Ó¿§ îðïì÷ò

Ó±®­» ÜØò ïçèêò Ð®»¼¿¬·±² ®·­µ ¬± ·²­»½¬ º±®¿¹·²¹ ¿¬ º´±©»®­ò Ñ·µ±­ ìê
ÜÑ× ïðòîíðéñíëêëìéðò

Ò»©¬±² ×ò ïçèêò Ì¸» ­°¿®®±©¸¿©µ ò Ý¿´¬±²æ Ì ú ßò Üò Ð±§­»®ò

Ò±²¿½­ Ðô Ü·´´ ÔÓò ïççðòÓ±®¬¿´·¬§ ®·­µ ª­ º±±¼ ¯«¿´·¬§ ¬®¿¼»ó±ºº­ ·² ¿ ½±³³±² ½«®®»²½§æ

¿²¼ °¿¬½¸ °®»º»®»²½»­ò Û½±´±¹§ éï ÜÑ× ïðòîíðéñïçíéëçêò

Ò±®¾»®¹ ËÓò ïççëò Ø±© ¿ ´±²¹ ¬¿·´ ¿²¼ ½¸¿²¹»­ ·² ³¿­­ ¿²¼ ©·²¹ ­¸¿°» ¿ºº»½¬ ¬¸» ½±­¬

º±® º´·¹¸¬ ·² ¿²·³¿´­ò Ú«²½¬·±²¿´ Û½±´±¹§ ç ÜÑ× ïðòîíðéñîíçððèçò

Ñ­·»¶«µ ÌÍô Õ«½¦§²­µ· Ôò îððéò Ú¿½¬±®­ ¿ºº»½¬·²¹ º´«­¸·²¹ ¼·­¬¿²½» ·² ·²½«¾¿¬·²¹ º»³¿´»

¹®»§´¿¹ ¹»»­» ß²­»® ¿²­»® òÉ·´¼´·º» Þ·±´±¹§ ïí
ÜÑ× ïðòîçèïñðçðçóêíçêøîððé÷ïíÅïïæÚßÚÜ××ÃîòðòÝÑåîò

ÎÜ»ª»´±°³»²¬ Ý±®» Ì»¿³ò îðïïòÎæ ¿ ´¿²¹«¿¹» ¿²¼ »²ª·®±²³»²¬ º±® ­¬¿¬·­¬·½¿´ ½±³°«¬ó
·²¹ ò Ê·»²²¿æ Î Ú±«²¼¿¬·±² º±® Í¬¿¬·­¬·½¿´ Ý±³°«¬·²¹ò

Î»·² Øô Í½¸¿®°º Øò ïççéò Þ·±¼·ª»®­·¬§ ¿²¼ ¬±«®·­³ò Ù»®³¿² º»¼»®¿´ ¿¹»²½§ º±® ²¿¬«®»
½±²­»®ª¿¬·±²ò Þ»®´·² Ø»·¼»´¾«®¹æ Í°®·²¹®»®óÊ»®´¿¹ò

Î«¬¦ Ýò îððèò Ì¸» »­¬¿¾´·­¸³»²¬ ±º ¿² «®¾¿² ¾·®¼ °±°«´¿¬·±²ò Ö±«®²¿´ ±º ß²·³¿´ Û½±´±¹§
éé ÜÑ× ïðòïïïïñ¶òïíêëóîêëêòîððèòðïìîðò¨ò

Í»®¹·± Úô Þ±¹´·¿²· Ùò îððïò Ò»­¬ ¼»º»²­» ¿­ °¿®»²¬¿´ ½¿®» ·² ¬¸» Ò±®¬¸»®² Ø±¾¾§ øÚ¿´½±
­«¾¾«¬»±÷ò ß«µ ïïè
ÜÑ× ïðòïêìîñðððìóèðíèøîððï÷ïïèÅïðìéæÒÜßÐÝ×ÃîòðòÝÑåîò

Í¸¿²²±²Ùô ß²¹»´±²· ÔÓôÉ·¬¬»³§»® Ùô Ú®·­¬«° ÕÓô Ý®±±µ­ ÕÎò îðïìò Î±¿¼ ¬®¿ºº·½

²±·­» ³±¼·º·»­ ¾»¸¿ª·±® ±º ¿ µ»§­¬±²» ­°»½·»­ò ß²·³¿´ Þ»¸¿ª·±«® çì
ÜÑ× ïðòïðïêñ¶ò¿²¾»¸¿ªòîðïìòðêòððìò

Í¸·»´¼­ÉÓò ïçèìò Þ¿®² ­©¿´´±© ³±¾¾·²¹æ ­»´ºó¼»º»²½»ô ½±´´¿¬»®¿´ µ·² ¼»º»²½»ô ¹®±«°

¼»º»²½»ô ±® °¿®»²¬¿´ ½¿®»á ß²·³¿´ Þ»¸¿ª·±«® íî
ÜÑ× ïðòïðïêñÍðððíóíìéîøèì÷èðííïóðò

Í´¿³±ª¿ ×ô Õ´»½µ¿ Öô Õ±²ª·½µ¿Óò îðïïòÜ·«®²¿´ ¾»¸¿ª·±® ¿²¼ ¸¿¾·¬¿¬ °®»º»®»²½»­ ±º
Û®»¾·¿ ¿»¬¸·±°­ô ¿² ¿¾»®®¿²¬ ´±©´¿²¼ ­°»½·»­ ±º ¿ ³±«²¬¿·² ¾«¬¬»®º´§ ½´¿¼»ò Ö±«®²¿´
±º ×²­»½¬ Þ»¸¿ª·±«® îì ÜÑ× ïðòïððéñ­ïðçðëóðïðóçîëðóèò

Í´±¬±© Îò ïççêò ß¹¹®»­­·±² ·² ©¸·¬»ó½®±©²»¼ ­°¿®®±©­æ »ºº»½¬­ ±º ¼·­¬¿²½» º®±³ ½±ª»®

¿²¼ ¹®±«° ­·¦»ò Ý±²¼±® çè ÜÑ× ïðòîíðéñïíêçïìîò

Õ«²½¿ ¿²¼ Ç±­»º øîðïê÷ô Ð»»®Ö ô ÜÑ× ïðòééïéñ°»»®¶òîðéð ïïñïî



Í³·¬¸ÜÙô Þ±­¿µ±©­µ· Ìô Ü»ª·²» ßò ïçççòÒ»­¬ ­·¬» ­»´»½¬·±² ¾§ «®¾¿² ¿²¼ ®«®¿´ ¹®»¿¬

¸±®²»¼ ±©´­ ·² ¬¸» ²±®¬¸»¿­¬ò Ö±«®²¿´ ±º Ú·»´¼ Ñ®²·¬¸±´±¹§ éð
Í°®±¿¬ ÌÓô Î·¬½¸·²­±² Ùò ïççíò Ì¸» ²»­¬ ¼»º»²­» ¾»¸¿ª·±® ±º Û¿­¬»®² Í½®»»½¸ó Ñ©´­æ

»ºº»½¬­ ±º ²»­¬ ­¬¿¹»ô ­»¨ô ²»­¬ ¬§°» ¿²¼ °®»¼¿¬±® ´±½¿¬·±²ò Ý±²¼±® çë
ÜÑ× ïðòîíðéñïíêçíëïò

Í¬¿³°­ ÒÛô Þ±©»®­ ÓÜò ïççïò ×²¼·®»½¬ »ºº»½¬ ±² ­«®ª·ª±®­¸·° ±º ½¿¬»®°·´´¿®­ ¼«» ¬±

°®»­»²½» ±º ·²ª»®¬»¾®¿¬» °®»¼¿¬±®ò Ñ»½±´±¹·½¿ èè ÜÑ× ïðòïððéñÞÚððíïéëéìò

�¬ù¿­¬²# Õô Î¿²¼3µ ßô Ø«¼»½Õò ïçèéò ß¬´¿­ ¸²3¦¼²3¸± ®±¦n3p»²3 °¬?µi ª �ÍÍÎïçéíñéé ò
Ð®¿¸¿æ ß½¿¼»³·¿ò

Ì®·ª»®­ ÎÔò ïçéîò Ð¿®»²¬¿´ ·²ª»­¬³»²¬ ¿²¼ ­»¨«¿´ ­»´»½¬·±²ò ×²æ Ý¿³°¾»´´ Þô »¼ò Í»¨«¿´
­»´»½¬·±² ¿²¼ ¬¸» ¼»­½»²¬ ±º ³¿²

É¿¬¬­ ÞÜò ïççðò Ý±ª»® «­» ¿²¼ °®»¼¿¬±®ó®»´¿¬»¼ ³±®¬¿´·¬§ ·² ­±²¹ ¿²¼ ­¿ª¿²²¿ ­°¿®®±©­ò

ß«µ ïðé ÜÑ× ïðòîíðéñìðèèðïïò

É¸·¬¬¿µ»® Üô Õ²·¹¸¬ ÎÔò ïççèò Ë²¼»®­¬¿²¼·²¹ ©·´¼´·º» ®»­°±²­»­ ¬± ¸«³¿²­òÉ·´¼´·º»
Í±½·»¬§ Þ«´´»¬·² îê

É±¶½·»½¸±©­µ· Óô Ç±­»º Îò îðïïò Ø±«­» ³¿®¬·² øÜ»´·½¸±² «®¾·½¿÷ ®»­°±²­» ¬± °»®½»·ª»¼
¼¿²¹»®ò Ö±«®²¿´ ±º Û¬¸±´±¹§ îç ÜÑ× ïðòïððéñ­ïðïêìóðïðóðîîéó¦ò

Õ«²½¿ ¿²¼ Ç±­»º øîðïê÷ô Ð»»®Ö ô ÜÑ× ïðòééïéñ°»»®¶òîðéð ïîñïî



47 
 

5.3  
 

Kunca T., submitted. 

 

DDE in eggs of Eurasian Sparrowhawk, Accipiter nisus, in the Czech Republic.  

 

Sylvia. 

  



48 
 

DDE in eggs of Eurasian Sparrowhawk, Accipiter nisus, in the Czech Republic 

 

DDE ve vejc Accipiter nisus, v  

 

 

 

165 21 Praha 6, Czech Republic, e-mail: tkunca@gmail.com 

 

Abstract 

  

Organochlorine residues were found in 37 Sparrowhawk eggs from the Czech Republic in 

2011.  DDE (range = 0.01-98.3 ppm lipid weight) was found in all eggs from the urban area 

of Prague, rural area of the Liberec region and hawks in captivity. The eggs from captivity 

had significantly lower levels of DDE than eggs from wild sites (W = 322, P < 0.01). 

Superficial eggshell pigmentation of 132 eggs was not different between urban and rural 

area. Such findings confirm that the residues of DDE respectively DDT, are still present in 

the environment although its use has been banned.  
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Introduction 

 

DDT is an organochlorine pesticide that was widely used in agriculture all over the world. 

It was introduced in 1948 against the insect pests of a wide range of crops. It was only 

after  

a few years of usage that the negative effects of this chemical became known. DDT is 

highly soluble in fat and it can readily accumulate in animal tissues and pass from prey to 

predator. DDT and its metabolite DDE have proved mildly toxic to birds, but their main 

effect is the egg-shell thinning, which causes egg breakage and reduces breeding success 

(Radcliffe 1970, Cooke 1973, Cooke 1979, Newton 1979). Predators were especially 

affected by pesticides and populations of various birds of prey declined thorough the 

world (Newton 1986, Nisbet 1989, Wegner et al. 2005). For example, mean residues of 

15-20 ppm DDE wet weight in eggs were associated with eggshell thinning, sufficient to 

cause the peregrine falcon population to decline (Peakall and Kiff 1988). After discovery 

of the negative effects of DDT on wildlife, its use was banned in North America and 

Europe but this organochlorine is still in use in some African countries and it affects local 

wildlife (Daaboub et al. 2008).  

The Eurasian Sparrowhawk (Accipiter nisus) is a small bird of prey that breeds in woods 

and forests across the Palearctic region. The Sparrowhawk  

(97%) of birds (Newton 1986). Different Sparrowhawk populations suffered from the use 

of DDT in Europe (Wallin 1984, Opdam et al. 1987, Newton and Willie 1992). 

Sparrowhawks lay pigmented eggs and recent studies suggest that the eggshell colour is 

affected by DDT and DDE respectively. Protoporphyrin spots in eggshell showed a strong 

correlation between DDE levels and shell thickness (Jagannanth et al. 2008). Thus females 

probably deposit more pigment to eggs with thin shells caused by DDE. The use of DDT in 

the Czech Republic was banned in 1974, but its residues could still be found in the 

environment and wildlife (Lana et al. 2010, Marsalek et al. 2013).  
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eggs after 30 years of ban in the Czech Republic. Its other aim was to determine the 

differenc

populations in order to use this method for detection of DDE contamination of eggs.  

 

 

 

Study area 

 

Nest searches and surveys were based on Forsman et al. (1984) and Newton (1986) and 

were conducted from April to the end of May 2011. The first (rural) area was the Liberec 

young coniferous plantations within agricultural land. The second (urban) area was the 

central part of Prague (~240 km2, radius of 8.7 km around the epicenter of the city,  

Sparrowhawks breed in parks, cemeteries and gardens. The distance between the two 

 

 

Material and Methods 

 

High-resolution pictures of the two opposite sides of 132 eggs from 28 different clutches 

of urban and rural sparrowhawks were taken by digital camera (Canon PS-SX 120) on  

a unified background with colour and grey charts (Danes-Picta BST 13). The spottiness for 

each side of the egg was calculated using Adobe Photoshop CS4 (Adobe System 

Incorporated, 2011). 

Addled eggs both from wild and captive hawks were analysed for DDT (and its metabolite 

DDE) contents. The egg content was homogenized with anhydrous sodium sulphate and 

weighed for lipid determination. An aliquot of isolated fat was dissolved in 10 ml of an 

internal standard (triphenyl phosphate) solution. Sample extracts were then purified on  
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a Bio Beads S-X3 column and a fraction corresponding to an elution volume of 14 30 ml 

was collected. For gas chromatography /mass spectrometry (GC/MS) analysis of the 

target pesticide residues an Agilent 6890 gas chromatograph coupled to a mass 

spectrometer 5975 XLD Inert (Agilent Technologies, USA) operated in a negative chemical 

ionization (NCI) was used. For the separation of target analytes HP- m 

m film thickness) capillary column was used.  

The data were statistically analysed using R 2.12.0 (R Development Core Team, 2010). 

Both values of spottiness for each egg (expressed as percentage of the surface area 

projected on to a flat plane) were found to be strongly correlated (r = 0.79, P < 0.05) and 

therefore the mean value of both values was used in further analysis. Mean values did 

not fit the normal distribution and were square-root transformed. Consecutive analysis 

was done using the transformed data which were not biased from normality (Shapiro-

Wilk test: W = 0.99, P = 0.25).  

Variability of the egg pigmentation within clutches was tested using one way ANOVA. 

Effects of the three independent variables (nest, clutch size and study area) and their 

first-order interactions on egg pigmentation were tested together using the general linear 

model (GLM). The infertile and addled eggs from captivity come from two breeders and 

were produced by first generation female Sparrowhawks bred in captivity and fed on 

farmed produced hawk food such as quail, day old chicks and mice. 

 

Results 

 

DDE levels were measured in 18 eggs from 14 nests in the urban area, 5 eggs from 5 nests 

in the rural area and 14 eggs from 5 nests in captivity. The DDE values for Sparrowhawk 

eggs ranged from 18.7 to 98.3 ppm (lipid weight) in the urban area, from 16.5 to 93.9 

ppm in the rural area and from 0.01 to 4.7 ppm in captivity. Although there was no 

difference of concentrations between the urban and rural areas (Wilcoxon test: Z = 40,  

P = 0.7453), there was a significant difference in DDE levels from eggs from the wild and 

those laid in captivity (Wilcoxon test: Z = 322, P < 0.01) (Fig. 1).  
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Although the eggs from urban and rural areas varied markedly in appearance and 

quantity of superficial pigmentation at first sight, the results show the opposite. The 

clutch size did not differ between the urban and rural areas (ANOVA, df = 1, c2 = 0.0067,  

P > 0.94). Neither the effect of clutch size nor the effect of the study area and all 

interactions influenced the eggshell pigmentation of Sparrowhawk eggs (df = 1, c2 < 0.05, 

P > 0.9). The effect of within-clutch (nest) variability was the only significant factor (df = 1, 

c2
 = 4.48, P = 0.034). 

 

Discussion 

 

weight basis. The Sparrowhawk egg contains about 6 % of lipid (Newton 1986) or 6.8% 

respectively (Van den Burg 2002). When transformed to wet weight the values are similar 

to other studies conducted in other European countries (Table 1.). Only Jagannath et al. 

(2008) found extremely high concentration values of DDE in Sparrowhawk eggs in Britain.  

Neither the DDE levels nor the amount of the superficial pigmentation differed between 

Sparrowhawk population is resident and the local birds spend most of their life in the 

built-up part of P

affected by the urban environment and probably not burdened by agricultural practices 

although the transportation and cycles of substances in nature is complex.  Pigmentation 

could be affected by environmental conditions (Gosler et al. 2005), so therefore the 

environment and does not have to be only affected by DDT. Pesticides could be found in 

agricultural soils and, with regard to their high solubility in body fat, they become part of 

the food chain. The Sparrowhawk, as a specialized predator, is at the top of the food 

landscape is covered by agricultural land, the rest is montane landscape covered by 

forests. Shegunova et al. (2007) found higher soil concentration of organochlorinated 

pesticides in mountains in the Czech Republic than those in agricultural areas. They 
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suggest the occurrence in soils due to the atmospheric redistribution rather than from 

agricultural use in the past. Evidently, birds could be affected by various ways whether it 

is the historical use of direct application in agriculture or the complex cycles of the 

substances. 

Jagannanth (2008) found that the quantity of protoporphyrin spots is correlated with the 

DDE level only in the internalized shell wall, not the superficial protoporphyrin patterning. 

Basically the visible pigmentation on the surface of the egg does not reflect the 

distribution of the internalized protoporphyrin spots and this casts doubt upon using this 

method for even tentative measuring the contamination of the local environment. 

Despite the high repeatability of egg maculation in superficial protoporphyrin within 

females, the eggshell pigmentation does not vary between the two study areas. 

Unfortunately, the eggs from captivity could not be assessed for the superficial 

pigmentation due to the damage of the shells prior to the spottiness calculation. That 

could bring an interesting result to the use of external pigmentation as a measurement of 

environmental pollution because the eggs from captivity contained significantly lower 

amount of DDE. 

Apart from food source there is no difference between wild and captive Sparrowhawks, 

to which the contamination of eggs could be attributed. Food is probably the main route 

of pesticide contamination in Sparrowhawks. Captive birds are fed on farmed quail, day 

old chicks and the occasional pigeon and mice, so the food is therefore relatively free of 

organochlorine residues although traces of DDE were found in captive Sparrowhawk eggs. 

Wild Sparrowhawks prey mainly on small birds (Newton 1973, Opdam 1979, Cramp and 

and 

individual pairs and populations (Schnurre 1956, Schnurre1957, Eldegard et al. 2003).  

Hence, individual differences in diet could account for some of the marked individual 

differences in contamination levels in hawks  proportion of prey consists 

of migratory birds such as Hirundinidae, Sylviidae and Turdidae (Opdam 1979, Looft and 

Busche 1981, Bujoczek and Ciach 2009). These species could be affected by pesticides in 

their wintering grounds and therefore this could affect their predators in their breeding 

grounds. The African migrants could be at higher risk of exposure as the DDT is still used 
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in some African countries, mainly for disease vector control (Shalaby 2009, Barhoumi et 

al. 2014). Althought DDT was banned in the Czech Republic in 1974, the residues are 

found in soil and water (Hradkova et al. 2012). Through this way the other prey bird 

species, both insectivores and seed eaters, can be affected through such channels. With  

4  5 ppm DDE in the fresh eggs, raptors show around 15% reduction in shell weight 

(Newton 1979) but the sensitivity to DDT (DDE) varies between species. 

In conclusion, the presence of DDE residues in Sparrowhawk eggs from the Czech 

Republic was detected. Although the found concentrations are low, they could lead to 

shell thinning and consequently reduce the breeding rate. Population of Eurasian 

Sparrowhawk in the Czech Republic is stable and shell thinning due to higher 

concentrations of DDE in eggs does not represent a threat to the population. Still, the 

situation of other bird species needs to be monitored and pollution by various substances 

must be taken into consideration when assessing the populations threats. The superficial 

protoporphyrin patterning of eggs is not a reliable tool for measuring the environmental 

pollution. Author realises that the sample size is small but it is clear enough to stretch the 

point of the pesticide contamination of wild birds  Further monitoring and research 

is needed to find out the DDT contamination of other bird species and the environment 

and its potential negative effect on populations of endangered species.  

Acknowledgements 

 

Prague 

preparing the draft, David Horobin for language correction and reviewers for their 

objective evaluation of the manuscript. 



55 
 

Literature 

 

Barhoumi B., LeMenach K., Devier M.H., El Megdiche Y., Hammami B., Ben Ameur W., Ben 

Hassine S., Cachot J., Budzinski H., Driss M.R. 2014: Distribution and ecological risk of 

polychlorinated biphenyls (PCBs) and organochlorine pesticides (OCPs) in surface 

sediments from the Bizerte lagoon, Tunisia. Environmental Science and Pollution Research 

21: 6290 6302.  

Bujoczek M., Ciach M. 2009: Seasonal changes in the avian diet of breeding sparrowhawks 

Accipiter nisus: how to fulfill the offspring's food demands? Zoological Studies 48: 215

222. 

Conrad B. 1981: Zur Situation der Pestizidbelastung bei Greifvageln und Eulen in der 

Bundesrepublik Deutschland. Okol. Vagel 3: 161 167. 

Cooke A.S. 1973: Shell-thinning in avian eggs by environmental pollutants. Environmental 

Pollution 4: 85 152.  

Cooke A.S. 1979: Changes in egg shell characteristics of the sparrowhawk (Accipiter nisus) 

and peregrine (Falco peregrinus) associated with exposure to environmental pollutants 

during recent decades. Journal of Zoology 187: 245 263. 

Cramp S., Simmons K.E.L. (eds) 1980: The birds of the western Palearctic. Vol. 2. Oxford 

Univ. Press, Oxford, UK. 

Daaboub J., Ben Cheikh R., Lamari A., Ben Jha I., Feriani M., Boubaker C., Ben Cheikh H. 

2008: Resistance to pyrethroid insecticides in Culex pipiens pipiens (Diptera: Culicidae) 

from Tunisia. Acta Tropica 107: 30 36. 

between the burden of xenobiotics in eggs of the sparrowhawk (Accipiter nisus) from 

Brandenburg and North-Rhine Westphalia. Journal of Ornithology 142: 49 62. 

prey deliveries to fledgling Eurasian sparrowhawks Accipiter nisus. Ibis 145: 667 672. 



56 
 

Farkaschovsky H. 1980: Zur Bestandsentwicklung, Brutbiologie und Pestizidbelastung des 

Sperbers Accipiter nisus in Oberbayern. Anz. orn. Ges. Bayern 19: 1 11. 

Forsman D., Solonen T. 1984: Censusing breeding raptors in southern Finland: methods 

and results. Annales Zoologici Fennici 21: 317 320. 

Ecology 

Letters 8: 1105 1113. 

Localities and Ponds in the Czech Republic. Archives of Environmental Contamination and 

Toxicology 62: 85 96. 

Jagannath A., Shore R.F., Walker L.A., Ferns P.N., Gosler A.G. 2008: Eggshell pigmentation 

indicates pesticide contamination. Journal of Applied Ecology 45: 133 140. 

Predation in vertebrate communities. The 

. Springer-Verlag, Berlin. 

Lana R., Vavrova M., Navratil S., Brabencova E., Vecerek V. 2010: Organochlorine 

Pollutants in Chub, Leuciscus cephalus, from the Svratka River, Czech Republic. Bulletin of 

Environmental contamination and Toxicology 84: 726 730. 

Looft V., Busche G. (eds) 1981: Veogelwelt Schlewig- . 

Wachholtz, Neumunster. 

Marsalek P., Zelnickova L., Mikulastikova J., Svobodova Z., Hutarova Z. 2013: 

Organochlorine Compound Residues in Muscle of Wild Boar (Sus scrofa L.) and Red Deer 

(Cervus elaphus L.): Effects of Age and Sex. Bulletin of Environmental contamination and 

Toxicology 91:673 677. 

Newton I., Wyllie I. 1992: Recovery of a sparrowhawk population in relation to declining 

pesticide contamination. Journal of Applied Ecology 29: 476 484. 

Newton I. 1973: Studies of sparrowhawks. British Birds 66: 271 278. 



57 
 

Newton I. 1979: Population Ecology of Raptors. Poyser, Berkhamsted. 

Newton I., Wyllie I., Asher A. 1993: Long-term trends in organochlorine and mercury 

residues in some predatory birds in Britain. Environmental Pollution 79:143 151. 

Newton I. 1986: The Sparrowhawk. Poyser, Calton. 

Nisbet I.C.T. 1989: Organochlorines, reproductive impairment, and declines in Bald Eagle 

Haliaeetus leucocephalus populations: mechanisms and dose-response relationships. In: 

Meyburg B.U. & Chancellor R.D. (eds): Raptors in the modern world World. Working 

Group on Birds of Prey and Owls, Berlin. 

Opdam P. 1979: Feeding ecology of a sparrowhawk population (Accipiter nisus). Ardea 66: 

137 154. 

Opdam P., Burgers J., Muskens G. 1987: Population trend, reproduction and pesticides in 

Dutch Sparrowhawks following the ban on DDT. Ardea 75: 205 212. 

Peakall D.B., Kiff L.F. 1988: DDE contamination in Peregrines and American Kestrels and 

its effects on reproduction. In: Cade T.J., Enderson J.H., Thelander C.G., White C.M.(eds.): 

Peregrine Falcon populations, their management and recovery. The Peregrine Fund, Inc., 

Boise, Idaho. 

Provini A., Galassi S. 1999: Polychlorinated biphenyls and chlorinated pesticides in bird 

eggs from Calabria (southern Italy). Ecotoxicology and Environmental Safety 43:91 97. 

Ratcliffe D.A. 1970: Changes attributable to pesticides in egg breakage frequency and 

eggshell thickness in some British birds. Journal of Applied Ecology 17: 67 107. 

Shalaby A.M. 2009: Susceptibility Status of the Rat Flea Xenopsylla cheopis Roths. 

(Pulicidae) to DDT, Gamma BHC and Dieldrin, in Libya. Journal of Applied Entomology 69: 

64 71. 

solis from the Czech Republic. Environmental Pollution 146: 257 261. 



58 
 

 4: 211 245. 

Schnurre O. 1957: Sperber und Vogelschutz. Gefiederte Welt 81: 41 42. 

Van den Burg A.B. 2002: A comparison of nutrient allocation in eggs of Barn Owls Tyto 

alba and Eurasian Sparrowhawks Accipiter nisus. Ardea 90:269 274. 

Wallin K. 1984: Decrease and recovery patterns of some raptors in relation to the 

introduction and ban of alkyl-mercury and DDT in Sweden. Ambio 13: 263 265. 

Wegner P., Kleinstauber G., Baum F., Schilling F. 2005: Long-term investigation of the 

degree of exposure of German peregrine falcons (Falco peregrinus) to damaging 

chemicals from the environment. Journal of Ornithology 146: 34 54. 



59 
 

Fig. 1. DDE concentrations in sparrowhawk eggs from the urban area, rural area and 

captive hawks. 
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Table 1. DDE values in sparrowhawk eggs in ppm (mg/kg) in different studies  

(ww = wet weight, dw = dry weight, lw = lipid weight) 

 

Source Country DDE 

Farkaschovsky (1980) Germany 15.7-183.4 ppm/dw 

Conrad (1981) Germany mean 65.9 ppm/dw 

Opdam et al. (1987)  Netherlands 7.8-10.2 ppm/ww 

Newton and Wyllie (1992)  Britain 3.8-14.2 ppm/ww 

Newton el al. (1993) Britain 1.77-5.08 ppm/ww 

Provini and Galassi (1999) Italy 0.39-1.09 ppm/lw 

Denker et al. (2001) Germany 1.15-21.51 ppm/ww 

Jagannath et al. (2008) Britain 10-300 ppm/lw 

Current study (2011) Czech Republic 0.00068-6.684 ppm/ww 
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