
 

 

 University of Groningen

Polymorphic common buzzards in time and space
Kappers, Elena F.

DOI:
10.33612/diss.146101441

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2020

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Kappers, E. F. (2020). Polymorphic common buzzards in time and space. [Thesis fully internal (DIV),
University of Groningen]. University of Groningen. https://doi.org/10.33612/diss.146101441

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.33612/diss.146101441
https://research.rug.nl/en/publications/739aa253-02b1-4a3b-ab34-7a10867eb69c
https://doi.org/10.33612/diss.146101441


 

 

References 
 

  

 



REFERENCES 

168 

A 

Ahnesjö, J., and A. Forsman. 2006. Differential habitat selection by pygmy grasshopper color 
morphs; interactive effects of temperature and predator avoidance. Evol. Ecol. 
20:235–257. 

Allison, A.C. 1964. Polymorphism and natural selection in human populations. Cold Spring 
Harb. Symp. Quant. Biol. 29:139–149. 

Amar, A., A. Koeslag, and O. Curtis. 2013. Plumage polymorphism in a newly colonized Black 
Sparrowhawk population: classification, temporal stability and inheritance patterns. J. 
Zool. 289:60–67. 

Amar, A., A. Koeslag, G. Malan, M. Brown, and E. Wreford. 2014. Clinal variation in the morph 
ratio of Black Sparrowhawks Accipiter melanoleucus in South Africa and its correlation 
with environmental variables. Ibis (Lond. 1859). 156:627–638. 

Amar, A., C. Reynolds, J. Van Velden, and C.W. Briggs. 2019. Clinal variation in morph 
frequency in Swainson’s hawk across North America: no support for Gloger’s 
ecogeographical rule. Biol. J. Linn. Soc. 299–309. 

Antoniazza, S., R. Burri, L. Fumagalli, J. Goudet, and A. Roulin. 2010. Local adaptation 
maintains clinal variation in melanin-based coloration of European barn owls (Tyto 
alba). Evolution (N. Y). 64:1944–1954. 

Arnold, T.W. 2010. Uninformative Parameters and Model Selection Using Akaike’s 
Information Criterion. J. Wildl. Manage. 74:1175–1178. 

 
B 

Baddeley, A.J., and R. Turner. 2004. Spatstat: An R package for analyzing spatial point 
pattens. Citeseer. 

Baker, A.J. 1973. Genetics of plumage variability in the Variable Oystercatcher (Haematopus 
unicolor). Notornis 20:330–345. 

Bates, D., M. Mächler, B.M. Bolker, and S.C. Walker. 2015. Fitting linear mixed-effects models 
using lme4. J. Stat. Softw. 67:1–48. 

Bijlsma, R. 2007. Broedende roofvogels op het Friese vasteland: verspreiding, talrijkheid, 
trend en voedselkeus. Tak. 15:48–72. 

Bijlsma, R. 2000. Geslachtsdeterminatie van nestjonge Buizerds Buteo buteo Sex 
determination of nestling Common Buzzards Buteo buteo. Limosa 72:1–10. 

Bijlsma, R. 2016. Trends en broedresultaten van roofvogels in Nederland in 2015. Tak. 24:5–
60. 

Bijlsma, R. G. 1997. Handleiding veldonderzoek. Roofvogels, KNNV Uitgeverij, Netherlands. 
Bijlsma, R.G., A.-M. Blomert, W. van Manen, and M. Quist. 1994. Ecologische Atlas van de 

Nederlandse Roofvogels: uitgave in samenwerking in met Werkgroep Roofvogels 
Noord-en Oost-Nederland en Vogelbescherming Nederland. Schuyt & Company. 

Bivand, R., T. Keitt, B. Rowlingson, E. Pebesma, M. Sumner, R. Hijmans, E. Rouault, and M.R. 
Bivand. 2015. Package ‘rgdal.’ Bind. Geospatial Data Abstr. Libr. Available online 
https//cran. r-project. org/web/packages/rgdal/index. html (accessed 15 Oct. 2017). 

Blotzheim, G. von, and Bauer. 1997. Glutz von Blotzheim & Bauer 1997. 
Boerner, M., J.I. Hoffman, W. Amos, N. Chakarov, and O. Krüger. 2013. No correlation 

between multi-locus heterozygosity and fitness in the common buzzard despite 
heterozygote advantage for plumage colour. J. Evol. Biol. 26:2233–2243. 

Boerner, M., and O. Krüger. 2009. Aggression and fitness differences between plumage 



  REFERENCES 
 

169 

morphs in the common buzzard (Buteo buteo). Behav. Ecol. 20:180–185. 
Bond, A. B., and A. C. Kamil. 1998. Apostatic selection by blue jays produces balanced 

polymorphism in virtualprey. Lett. to Nat. 395:594–596. 
Brazill-Boast, J., S.C. Griffith, and S.R. Pryke. 2013. Morph-dependent resource acquisition 

and fitness in a polymorphic bird. Evol. Ecol. 27:1189–1198. Springer. 
Briggs, C.W., and M.W. Collopy. 2012. Extra-pair paternity in Swainson’s Hawks. J. F. 

Ornithol. 83:41–46. 
Briggs, C.W., M.W. Collopy, and B. Woodbridge. 2011. Plumage polymorphism and fitness in 

Swainson’s Hawks. J. Evol. Biol. 24:2258–2268. 
Briggs, C.W., and B. Woodbridge. 2010. Inheritance patterns of plumage morph in 

Swainson’s Hawks. J. Raptor Res. 44:232–235. 
Briggs, C.W., B. Woodbridge, and M.W. Collopy. 2010. Temporal Morph Invariance of 

Swainson’s Hawks. J. Raptor Res. 44:70–73. 
Brommer, J.E., K. Ahola, and T. Karstinen. 2005. The colour of fitness: plumage coloration 

and lifetime reproductive success in the tawny owl. Proc. R. Soc. Biol. Sci. Ser. B 
272:935–940. 

Burnham, K.P. 1987. Design and analysis methods for fish survival experiments based on 
release-recapture. Ame. Fish. Soc., Monogr. 5:1–437. 

Burnham, K.P., and D.R. Anderson. 2002. Model selection and multimodel inference: a 
practical information-theoretic approach. Springer Science & Business Media. 

 
C 

Calenge, C. 2011. Home range estimation in R: the adehabitatHR package. Off. Natl. la Cl. la 
faune Sauvag. Saint Benoist, Auffargis, Fr. 

Camacho, C. 2018. Plumage colour predicts dispersal propensity in male pied flycatchers. 
Behavioral Ecology and Sociobiology. 

Chakarov, N., M. Boerner, and O. Krüger. 2008. Fitness in common buzzards at the cross-
point of opposite melanin-parasite interactions. Funct. Ecol. 22:1062–1069. 

Chakarov, N., R. M. Jonker, M. Boerner, J. I. Hoffman, and O. Krüger. 2013. Variation at 
phenological candidate genes correlates with timing of dispersal and plumage morph 
in a sedentary bird of prey. Mol. Ecol. 22:5430–5440. 

Chakarov, N., B. Linke, M. Boerner, A. Goesmann, O. Krüger, and J. I. Hoffman. 2015. 
Apparent vector-mediated parent-to-offspring transmission in an avian malaria-like 
parasite. Mol. Ecol. 24:1355–1363. 

Chakarov, N., M. Pauli, and O. Krüger. 2016. Immune responses link parasite genetic 
diversity, prevalence and plumage morphs in common buzzards. Evol. Ecol. 1–12. 

Charmantier, A., and D. Réale. 2005. How do misassigned paternities affect the estimation 
of heritability in the wild? Mol. Ecol. 14:2839–2850. Blackwell Science Ltd. 

Conover, M.R., J. G. Reese, and A. D. Brown. 2000. Costs and benefits of subadult plumage 
in mute swans: testing hypotheses for the evolution of delayed plumage maturation. 
Am. Nat. 156:193–200. The University of Chicago Press. 

Cooch, G. 1961. Ecological aspects of the blue-snow goose complex. Auk 78:72–89. JSTOR. 
Cooke, F., and F.G. Cooch. 1968. The genetics of polymorphism in the Goose Anser 

caerulescens. Evolution (N. Y). 22:289–300. 
Cote, J., J. Clobert, T. Brodin, S. Fogarty, and A. Sih. 2010. Personality-dependent dispersal: 

characterization, ontogeny and consequences for spatially structured populations. 
Philos. Trans. R. Soc. B Biol. Sci. 365:4065–4076. 



REFERENCES 

170 

Cramp, S., and K.E.L. Simmons. 1980. The Birds of the Western Palearctic, Vol. 2 Cramp S, 
Simmons KEL, editors. Oxford: Oxford University Press. 

 
D 

Dare, P.J. 2015. The life of buzzards. Whittles Publishing Limited. 
Darwin, C. 1859. The origin of species by means of natural selection. Collin’s Clear-Type 

Press. 
Dingemanse, N.J., C. Both, P.J. Drent, K. van Oers, and A.J. van Noordwijk. 2002. Repeatability 

and heritability of exploratory behaviour in great tits from the wild. Anim. Behav. 
64:929–938. 

Dingemanse, N.J., C. Both, A.J. van Noordwijk, A.L. Rutten, and P.J. Drent. 2003. Natal 
dispersal and personalities in great tits (Parus major). Proc. R. Soc. B Biol. Sci. 270:741–
747. 

Dittrich, W. 1985. Gefiedervariationen beim Mäusebussard (Buteo buteo) in Nordbayern. J. 
fur Ornithol. 126:93–97. 

Dreiss, A.N., S. Antoniazza, R. Burri, L. Fumagalli, C. Sonnay, C. Frey, J. Goudet, and A. Roulin. 
2012. Local adaptation and matching habitat choice in female barn owls with respect 
to melanic coloration. J. Evol. Biol. 25:103–114. 

Duckworth, R.A., and L.E.B. Kruuk. 2009. Evolution of genetic integration between dispersal 
and colonization ability in a bird. Evolution (N. Y). 63:968–977. 

Ducrest, A.L., L. Keller, and A. Roulin. 2008. Pleiotropy in the melanocortin system, coloration 
and behavioural syndromes. Trends Ecol. Evol. 23:502–510. 

 
E 

Edelaar, P., A.M. Siepielski, and J. Clobert. 2008. Matching habitat choice causes directed 
gene flow: A neglected dimension in evolution and ecology. Wiley Online Library. 

EEA. 2012. European seamless vector database: STATUS 2012 layer (Corine Land Cover 
2012), accessed 21st February 2019. 

Ellegren, H., and A.-K. Fridolfsson. 1997. Male–driven evolution of DNA sequences in birds. 
Nat. Genet. 17:182. Nature Publishing Group. 

Emaresi, G., P. Bize, R. Altwegg, I. Henry, V. van den Brink, J. Gasparini, and A. Roulin. 2014. 
Melanin-Specific Life-History Strategies. Am. Nat. 183:269–280. 

 
F 

Ferguson-Lees, J., and D. A. Christie. 2001. Raptors of the world. Houghton Mifflin Harcourt. 
Ford, E. B. 1945. Polymorphism. Biol. Rev. 20:73–88. Wiley Online Library. 
Forsman, A., A. Forsman, J. Ahnesjo, J. Ahnesjo, S. Caesar, S. Caesar, M. Karlsson, M. Karlsson, 

J. Ahnesjö, S. Caesar, and M. Karlsson. 2008. A model of ecological and evolutionary 
consequences of color polymorphism. Ecology 89:34–40. 

Fowlie, M.K., and O. Krüger. 2003. The evolution of plumage polymorphism in birds of prey 
and owls: The apostatic selection hypothesis revisited. J. Evol. Biol. 16:577–583. 

Fox, J., and S. Weisberg. 2011. An R Companion to Applied Regression. SAGE Publications. 
Franklin, D.C., and P.L. Dostine. 2000. A note on the frequency and genetics of head colour 

morphs in the Gouldian finch. Emu-Austral Ornithol. 100:236–239. Taylor & Francis. 
 
G 



  REFERENCES 
 

171 

Galeotti, P., D. Rubolini, P. O. Dunn, and M. Fasola. 2003. Colour polymorphism in birds: 
Causes and functions. J. Evol. Biol. 16:635–646. 

Gangoso, L., and J. Figuerola. 2019. Breeding success but not mate choice is phenotype- and 
context-dependent in a color polymorphic raptor. Behav. Ecol. 30:763–769. 

Gangoso, L., J.M. Grande, A.L. Ducrest, J. Figuerola, G.R. Bortolotti, J.A. Andrés, and A. Roulin. 
2011. MC1R-dependent, melanin-based colour polymorphism is associated with cell-
mediated response in the Eleonora’s falcon. J. Evol. Biol. 24:2055–2063. 

Gillespie, J.H., and M. Turelli. 1989. Genotype-environment interactions and the 
maintenance of polygenic variation. Genetics 121:129–138. 

Gray, R.H. 1983. Seasonal, Annual and Geographic Variation in Color Morph Frequencies of 
the Cricket Frog, Acris crepitans, in Illinois. Copeia 1983:300–311. [American Society of 
Ichthyologists and Herpetologists, Allen Press]. 

Gray, S.M., and J.S. McKinnon. 2007. Linking color polymorphism maintenance and 
speciation. Trends Ecol. Evol. 22:71–79. 

 
H 

Hadfield, J.D. 2010. MCMC Methods for Multi-Response Generalized Linear Mixed Models: 
The MCMCglmm R Package. J. Stat. Softw. 33:1–22. 

Hawkes, C. 2009. Linking movement behaviour, dispersal and population processes: Is 
individual variation a key? J. Anim. Ecol. 78:894–906. 

Hijmans, R.J., J. van Etten, J. Cheng, M. Mattiuzzi, M. Sumner, J.A. Greenberg, O.P. 
Lamigueiro, A. Bevan, E.B. Racine, and A. Shortridge. 2015. Package ‘raster.’ R Packag. 

Hoffman, E.A., and M.S. Blouin. 2000. A review of colour and pattern polymorphisms in 
anurans. Biol. J. Linn. Soc. 70:633–665. Oxford University Press. 

Honěk, A., Z. Martinková, and S. Pekár. 2005. Temporal stability of morph frequency in 
central European populations of Adalia bipunctata and A. decempunctata (Coleoptera: 
Coccinellidae). Eur. J. Entomol. 102:437–442. 

Hori, M. 1993. Frequency-Dependent Natural Selection in the Handedness of Scale-Eating 
Cichlid Fish. Science (80-. ). 260:216–219. 

Howell, S., G. Westergaard, B. Hoos, T.J. Chavanne, S.E. Shoaf, A. Cleveland, P.J. Snoy, S.J. 
Suomi, and J. Dee Higley. 2007. Serotonergic influences on life-history outcomes in 
free-ranging male rhesus macaques. Am. J. Primatol. 69:851–865. John Wiley & Sons, 
Ltd. 

Hugall, A.F., and D. Stuart-Fox. 2012. Accelerated speciation in colour-polymorphic birds. 
Nature 485:631. Nature Publishing Group, a division of Macmillan Publishers Limited. 
All Rights Reserved. 

Huxley, J. 1955. Morphism in birds. Acta Int Congr Ornithol 11:309–328. 
 
J 

Johnson, J.A., and K.K. Burnham. 2013. Timing of breeding and offspring number covary with 
plumage colour among Gyrfalcons Falco rusticolus. Ibis (Lond. 1859). 155:177–188. 

Johnson, M.L., and M.S. Gaines. 1990. Evolution of Dispersal: Theoretical Models and 
Empirical Tests Using Birds and Mammals. Annu. Rev. Ecol. Syst. 21:449–480. 

Jones, J.S., B.H. Leith, and P. Rawlings. 1977. Polymorphism in Cepaea: a problem with too 
many solutions? Annu. Rev. Ecol. Syst. 8:109–143. Annual Reviews 4139 El Camino 
Way, PO Box 10139, Palo Alto, CA 94303-0139, USA. 



REFERENCES 

172 

Jones, P.D., T. Jonsson, and D. Wheeler. 1997. Extension to the North Atlantic oscillation 
using early instrumental pressure observations from Gibraltar and south-west Iceland. 
Int. J. Climatol. 17:1433–1450. 

Jonker, R.M., N. Chakarov, and O. Krüger. 2014. Climate change and habitat heterogeneity 
drive a population increase in Common Buzzards Buteo buteo through effects on 
survival. Ibis (Lond. 1859). 156:97–106. 

 
K 

Kallioinen, R.U.O., J.M. Hughes, and P.B. Mather. 1995. Significance of back colour in 
territorial interactions in the Australian magpie. Aust. J. Zool. 43:665–673. CSIRO. 

Kappers, E.F., N. Chakarov, O. Krüger, A. K. Mueller, M. Valcu, B. Kempenaers, and C. Both. 
2017. Classification and temporal stability of plumage variation in Common Buzzards. 
Ardea 105:125–136. 

Kappers, E.F., C. de Vries, A. Alberda, W. Forstmeier, C. Both, and B. Kempenaers. 2018. 
Inheritance patterns of plumage coloration in common buzzards Buteo buteo do not 
support a one-locus two-allele model. Biol. Lett. 14:20180007. 

Karell, P., K. Ahola, T. Karstinen, J. Valkama, and J. E. Brommer. 2011. Climate change drives 
microevolution in a wild bird. Nat. Commun. 2:208. Nature Publishing Group. 

Kay, Q.O.N. 1978. The role of preferential and assortative pollination in the maintenance of 
flower colour polymorphisms. 

Kenward, R.E. 2000. A manual for wildlife radio tagging. Academic press. 
Kenward, R.E., S.S. Walls, K.H. Hodder, M. Pahkala, S. N. Freeman, and V. R. Simpson. 2000. 

The prevalence of non-breeders in raptor populations: evidence from rings, radio-tags 
and transect surveys. Oikos 91:271–279. 

Kim, S.-Y., J.A. Fargallo, P. Vergara, and J. Martínez-Padilla. 2013. Multivariate heredity of 
melanin-based coloration, body mass and immunity. Heredity (Edinb). 111:139–146. 

Kimura, M., and J. F. Crow. 1964. The number of alleles that can be maintained in a finite 
population. Genetics 49:725–738. 

Knief, U., W. Forstmeier, Y. Pei, M. Ihle, D. Wang, K. Martin, P. Opatová, J. Albrechtová, M. 
Wittig, A. Franke, T. Albrecht, and B. Kempenaers. 2017. A sex-chromosome inversion 
causes strong overdominance for sperm traits that affect siring success. Nat. Ecol. Evol. 
1:1177–1184. 

Kojima, K.-I. 1971. Is there a constant fitness value for a given genotype? NO! Evolution (N. 
Y). 25:281–285. JSTOR. 

Korpimäki, E. 1993. Does nest-hole quality, poor breeding success or food depletion drive 
the breeding dispersal of tengmalm’s owls? J. Anim. Ecol. 62:606–613. [Wiley, British 
Ecological Society]. 

Krüger, O. 2002. Dissecting common buzzard lifespan and lifetime reproductive success: The 
relative importance of food, competition, weather, habitat and individual attributes. 
Oecologia 133:474–482. 

Krüger, O. 2004. The importance of competition, food, habitat, weather and phenotype for 
the reproduction of buzzard. Bird Study 51:125–132. 

Krüger, O., and J. Lindström. 2001. Lifetime reproductive success in common buzzard, Buteo 
buteo: from individual variation to population demography. Oikos 93:260–273. 

Krüger, O., J. Lindström, and W. Amos. 2001. Maladaptive mate choice maintained by 
heterozygoe advantage. Evolution (N. Y). 55:1207–1214. 

Kruuk, L. E. B. 2004. Estimating genetic parameters in natural populations using the `animal 



  REFERENCES 
 

173 

model’. Phil. Trans. R. Soc. London. Ser. B 359:873–890. 
Kurvers, R. H. J. M., B. Eijkelenkamp, K. van Oers, B. van Lith, S. E. van Wieren, R. C. Ydenberg, 

and H. H. T. Prins. 2009. Personality differences explain leadership in barnacle geese. 
Anim. Behav. 78:447–453. Elsevier Ltd. 

 
L 

Laake, J. L. 2013. RMark: An R interface for analysis of capture-recapture data with MARK. 
AFSC Process. Rep. 2013-01 25. 

Lank, D. B., and S. Fraser. 2002. Diverse processes maintain plumage polymorphisms in birds. 
J. Avian Biol. 4:327–330. 

Lank, D.B., C.M. Smith, O. Hanotte, T. Burke, and F. Cooke. 1995. Genetic polymorphism for 
alternative mating behaviour in lekking male ruff Philomachus pugnax. Nature 378:59. 
Nature Publishing Group. 

Lewontin, R. C. 1974. The genetic basis of evolutionary change. Columbia University Press 
New York. 

 
M 

MacColl, A.D.C., and I.R. Stevenson. 2003. Stasis in the morph ratio cline in the Bananaquit 
on Grenada, West Indies. Condor 105:821–825. Oxford University Press. 

Maechler, M., and D. Ringach. 2015. Diptest: Hartigan’s dip test Statistic for unimodality-
corrected. R Packag. version 0.75-7. See https//CRAN. R-project. org/package= diptest. 

Mafli, A., K. Wakamatsu, and A. Roulin. 2011. Melanin-based coloration predicts 
aggressiveness and boldness in captive eastern Hermann’s tortoises. Anim. Behav. 
81:859–863. Elsevier. 

Mateos-Gonzalez, F., and J. C. Senar. 2012. Melanin-based trait predicts individual 
exploratory behaviour in siskins, Carduelis spinus. Anim. Behav. 83:229–232. Elsevier. 

Mather, K. 1949. The genetical theory of continuous variation. Hereditas 35:376–401. Wiley 
Online Library. 

Melde, M. 1983. Der Mäusebussard. 
Meunier, J., S.F. Pinto, R. Burri, and A. Roulin. 2011. Eumelanin-based coloration and fitness 

parameters in birds: A meta-analysis. Behav. Ecol. Sociobiol. 65:559–567. 
Morrissey, M. B., and A. J. Wilson. 2010. Pedantics: An r package for pedigree-based genetic 

simulation and pedigree manipulation, characterization and viewing. Mol. Ecol. 
Resour. 10:711–719. 

Mueller, A.K., N. Chakarov, O. Krüger, and J. I. Hoffman. 2016. Long-term effective 
population size dynamics of an intensively monitored vertebrate population. Nat. Publ. 
Gr. 117:290–29967. Nature Publishing Group. 

Mundy, N.I. 2005. A window on the genetics of evolution: MC1R and plumage colouration in 
birds. Proc. Biol. Sci. 272:1633–1640. 

 
N 

Nakagawa, S., and T. H. Parker. 2015. Replicating research in ecology and evolution: 
Feasibility, incentives, and the cost-benefit conundrum. BMC Biol. 13:1–6. BMC 
Biology. 

Nebel, C., P. Sumasgutner, A. Pajot, and A. Amar. 2019. Response time of an avian prey to a 
simulated hawk attack is slower in darker conditions, but is independent of hawk 



REFERENCES 

174 

colour morph. R. Soc. Open Sci. 6:190677. 
Newton, I., and M. Marquiss. 1983. Dispersal of Sparrowhawks between Birthplace and 

Breeding Place. J. Anim. Ecol. 52:463–477. [Wiley, British Ecological Society]. 
Newton, I., M.J. Mcgrady, and M. K. Oli. 2016. A review of survival estimates for raptors and 

owls. 
Nore, T., and J.-P. Malafosse. 1992. La dispersion des jeunes de première année dans une 

population sédentaire de buse variable (Buteo buteo). Rev. Ecol. (Terre Vie) 47. 
 
O 

O’Donald, P. 1983. The Arctic Skua: a study of the ecology and evolution of a seabird. 
Cambridge. 

 
P 

Palmer, R.S. (eds). 1988. Handbook of North American birds, Vol. 4. Yale Univ. Press, New 
Haven, CT USA. 

Patrick, S.C., and H. Weimerskirch. 2014. Personality, foraging and fitness consequences in a 
long lived seabird. PLoS One 9. 

Paulson, D.R. 1973. Predator Polymorphism and Apostatic Selection. Evolution (N. Y). 
27:269–277. 

Pebesma, E., and R.S. Bivand. 2005. S classes and methods for spatial data: the sp package. 
R news 5:9–13. 

Peig, J., A.J. Green, and C. Ame. 2009. New perspectives for estimating body condition from 
mass/length data: the scaled mass index as an alternative method. 1883–1891. 

Preston, C.R. 1980. Differential Perch Site Selection by Color Morphs of the Red-Tailed Hawk 
(Buteo jamaicensis). Auk 97:782–789. 

Pryke, S.R., and S.C. Griffith. 2006. Red dominates black: agonistic signalling among head 
morphs in the colour polymorphic Gouldian finch. Proc. R. Soc. London B Biol. Sci. 
273:949–957. The Royal Society. 

Prytherch, R.J. 2009. The social behviour of the Common Buzzard. Br. Birds 102:247–273. 
 
R 

R Core Team. 2016. R: A language and environment for statistical computing [Computer 
software]. Vienna: R Foundation for Statistical Computing. 

Reillo, P.R., and D.H. Wise. 1988. Temporal and Spatial Patterns of Morph-Frequency 
Variation among Coastal Maine Populations of the Polymorphic Spider Enoplognatha 
ovata (Araneae: Theridiidae). Am. Midl. Nat. 120:337–354. University of Notre Dame. 

Ripley, B.D., and J.-P. Rasson. 1977. Finding the edge of a Poisson forest. J. Appl. Probab. 
14:483–491. Cambridge University Press. 

Roulin, A. 2004a. Covariation between plumage colour polymorphism and diet in the Barn 
Owl Tyto alba. Ibis (Lond. 1859). 146:509–517. Wiley/Blackwell (10.1111). 

Roulin, A. 2004b. The evolution, maintenance and adaptive function of genetic colour 
polymorphism in birds. Biol. Rev. Camb. Philos. Soc. 79:815–848. 

Roulin, A., and C. Dijkstra. 2003. Genetic and environmental components of variation in 
eumelanin and phaeomelanin sex-traits in the Barn Owl. Heredity (Edinb). 90:359–364. 

Roulin, A., W. Müller, L. Sasvári, C. Dijkstra, A. L. Ducrest, C. Riols, M. Wink, and T. Lubjuhn. 
2004. Extra-pair paternity, testes size and testosterone level in relation to colour 



  REFERENCES 
 

175 

polymorphism in the Barn Owl Tyto alba. J. Avian Biol. 35:492–500. 
 
S 

Saino, N., and A.M. Bolzern. 1992. Egg volume, chick growth and survival across a 
carrion/hooded crow hybrid zone. Ital. J. Zool. 59:407–415. Taylor & Francis. 

Saino, N., M. Romano, C. Scandolara, D. Rubolini, R. Ambrosini, M. Caprioli, A. Costanzo, and 
A. Romano. 2014. Brownish, small and lousy barn swallows have greater natal dispersal 
propensity. Anim. Behav. 87:137–146. Elsevier Ltd. 

Sambrook, J. 1989. Extraction and purification of RNA. Mol. cloning 3–7. Cold Spring Harbor 
Laboratory Press. 

San-Jose, L.M., R. Séchaud, K. Schalcher, C. Judes, A. Questiaux, A. Oliveira-Xavier, C. 
Gémard, B. Almasi, P. Béziers, A. Kelber, A. Amar, and A. Roulin. 2019. Differential 
fitness effects of moonlight on plumage colour morphs in barn owls. Nat. Ecol. Evol. 
3:1331–1340. 

Schmutz, S.M. ., and J. K. Schmutz. 1981. Inheritance of color phases of Ferruginous Hawks. 
Condor 83:187–189. 

Schweitzer, C., S. Motreuil, and F.-X. Dechaume-Moncharmont. 2015. Coloration reflects 
behavioural types in the convict cichlid, Amatitlania siquia. Anim. Behav. 105:201–209. 
Academic Press. 

Sinervo, B., and R. Calsbeek. 2006. The developmental, physiological, neural, and genetical 
causes and consequences of frequency-dependent selection in the wild. Annu. Rev. 
Ecol. Evol. Syst. 37:581–610. 

Sinervo, B., and C.M. Lively. 1996. The rock–paper–scissors game and the evolution of 
alternative male strategies. Nature 380:240–243. Nature Publishing Group. 

Sinervo, B., and K.R. Zamudio. 2001. The evolution of alternative reproductive strategies: 
fitness differential, heritability, and genetic correlation between the sexes. J. Hered. 
92:198–205. Oxford University Press. 

Smith, J.M. 1982. Evolution and the Theory of Games. Cambridge university press. 
Smith, J.M., and G.R. Price. 1973. The logic of animal conflict. Nature 246:15–18. Nature 

Publishing Group. 
Sordahl, T. A. 2014. Distribution of color-morphs of the Eastern Screech-Owl in Iowa. Wilson 

J. Ornithol. 126:321–332. 
Sovon. 2018. Vogelatlas van Nederland. 
Sumasgutner, P., G. Tate, A. Koeslag, and A. Amar. 2016a. Family morph matters: factors 

determining survival and recruitment in a long-lived polymorphic raptor. J. Anim. Ecol. 
85:1043–1055. 

Sumasgutner, P., G. Tate, A. Koeslag, A. Amar, and A. Roulin. 2016b. Family morph matters: 
factors determining survival and recruitment in a long-lived polymorphic raptor. J. 
Anim. Ecol. 85:1043–1055. 

T 

Takahashi, Y., J. Yoshimura, S. Morita, and M. Watanabe. 2010. Negative frequency-
dependent selection in female color polymorphism of a damselfly. Evolution (N. Y). 
64:3620–3628. 

Tate, G., and A. Amar. 2017. Morph specific foraging behavior by a polymorphic raptor under 
variable light conditions. Sci. Rep. 7:9161. 

Tate, G., J.M. Bishop, and A. Amar. 2016. Differential foraging success across a light level 



REFERENCES 

176 

spectrum explains the maintenance and spatial structure of colour morphs in a 
polymorphic bird. Ecol. Lett. 19:679–686. 

Tate, G., P. Sumasgutner, A. Koeslag, and A. Amar. 2017. Pair complementarity influences 
reproductive output in the polymorphic black sparrowhawk Accipiter melanoleucus. J. 
Avian Biol. 48:387–398. 

Tuttle, E.M. 2003. Alternative reproductive strategies in the white-throated sparrow: 
behavioral and genetic evidence. Behav. Ecol. 14:425–432. Oxford University Press. 

 
U 

Ulfstrand, S. 1970. A Procedure for Analysing Plumage Variation and Its Application to a 
Serios of Swedish Common Buzzards, Buteo buteo (L.). Ornis Scand. 1:107–113. 

Ulfstrand, S. 1977. Plumage and Size Variation in Swedish Common Buzzards Buteo buteo L. 
(Aves, Accipitriformes). Zool. Scr. 6:69–75. 

 
V 

van den Brink, V., V. Dolivo, X. Falourd, A. N. Dreiss, and A. Roulin. 2012. Melanic color-
dependent antipredator behavior strategies in barn owl nestlings. Behav. Ecol. 23:473–
480. 

van den Brink, V., A. N. Dreiss, and A. Roulin. 2012. Melanin-based coloration predicts natal 
dispersal in the barn owl, Tyto alba. Anim. Behav. 84:805–812. Elsevier Ltd. 

van den Brink, V., I. Henry, K. Wakamatsu, and A. Roulin. 2012. Melanin-Based Coloration in 
Juvenile Kestrels (Falco tinnunculus) Covaries with Anti-Predatory Personality Traits. 
Ethology 118:673–682. 

Vegvari, Z., Z. Barta, P. Mustakallio, and T. Szekely. 2011. Consistent avoidance of human 
disturbance over large geographical distances by a migratory bird. Biol. Lett. 7:814–
817. 

 
W 

Walls, S.S., and R.E. Kenward. 2020. The Common Buzzard. Bloomsbury Publishing. 
Walls, S.S., and R.E. Kenward. 1997. Movements of radio-tagged Buzzards Buteo buteo in 

early life. Ibis (Lond. 1859). 140:561–568. 
Weston, E.D., D.P. Whitfield, J. M. J. Travis, and X. Lambin. 2013. When do young birds 

disperse? Tests from studies of golden eagles in Scotland. BMC Ecol. 13:42. BMC 
Ecology. 

White, G.C., and K.P. Burnham. 1999. Program MARK: survival estimation from populations 
of marked animals. Bird Study 46:S120–S139. 

Whitlock, M.C. 2001. Dispersal and the genetic properties of metapopulations. Dispersal. 
Oxford University Press. 

Wunderle Jr, J.M. 1981. An analysis of a morph ratio cline in the bananaquit (Coereba 
flaveola) on Grenada, West Indies. Evolution (N. Y). 333–344. JSTOR. 

 

  



  REFERENCES 
 

177 

  



REFERENCES 

178 

 

 



 

 
Samenvatting 

 

 

  

 



SAMENVATTING 

180 

De rijke verscheidenheid aan morfologische en gedragsmatige eigenschappen in de 
natuurlijke wereld komt voort uit de evolutionaire geschiedenis van soorten en populaties. 
Zichtbare fenotypische variaties binnen een soort (polymorfismen genoemd) zijn 
wijdverspreid in planten en dieren. Polymorfismen zijn interessant omdat ze erfelijk zijn en 
hierdoor uitstekend geschikt zijn als modelsysteem om micro-evolutionaire processen te 
onderzoeken. Fitness is een belangrijp concept binnen de evolutietheorie en is een maat 
voor de bijdrage aan de genenpool van een populatie door organismen. Door middel van 
fitness kunnen biologen natuurlijke selectie en micro-evolutie meten. In de natuur lijken 
morfen die met relatief stabiele frequenties naast elkaar bestaan vaak voor te komen. 
Persistent verenkleedpolymorfisme komt voor bij ongeveer 3,5% van de vogelsoorten, 
waarbij roofvogels een onevenredig hoge frequentie van dergelijke polymorfismen 
vertonen. Toch worden de mechanismen die ten grondslag liggen aan de evolutie en het 
behoud van polymorfismen in de natuur vaak slecht begrepen.  

Het doel van dit proefschrift was het onderzoeken van de evolutionaire ecologie 
van kleurvariatie in een vogelsoort. Voor dit onderzoek hebben we de individuele fitness 
gekwantificeerd van een roofvogel met een zeer variabele verenkleed, de buizerd Buteo 
buteo. Hierbij hebben we enkele mechanismen geprobeerd te ontrafelen die de intra-
specifieke kleurvariatie en de functies ervan in deze soort in stand houden. Daarnaast 
hebben we het kleurpolymorfisme bestudeerdzowel vanuit een tijds- als een ruimtelijk 
perspectief. 

Om te begrijpen hoe het verenkleedpolymorfisme bij buizerds in stand wordt 
gehouden, is veel basiskennis nodig over het kleurenpolymorfisme zelf. Daarom hebben we 
eerst het type polymorfisme van de buizerd beschreven (hoofdstuk 2). We hebben de 
kleurvariatie van buizerds, zowel kwalitatief als kwantitatief, onderzocht en geprobeerd vast 
te stellen of het polymorfisme bij deze soort het beste gekwantificeerd kan worden als een 
discrete of continue eigenschap. Hiervoor hebben we gebruik gemaaktvan digitaal 
fotomateriaal enpixelkleuring om de variatie te kwantificeren. We hebben aangetoond dat 
in buizerds de variatie continu en unimodaal is, variërend van zeer donkere tot zeer lichte 
individuen. Om onze resultaten te kunnen vergelijken met de gepubliceerde literatuur, 
hebben we de scoresystemen van onze en vorige studies op elkaar afgestemd. Tot slot 
hebben we onderzocht of het verenkleedpatroon van een individu gedurende het leven 
varieert, door de morf van individuen te scoren die gedurende meerdere jaren waren 
gefotografeerd. We vonden dat hoewel het verenkleed van de jonge tot de volwassen 
leeftijd iets donkerder werd, het morfotype niet wezenlijk veranderde.  

Balanceringsselectie is een belangrijk mechanisme om de kleurpoly-morfismen in 
de loop van de evolutionaire tijd in stand te houden. Bij buizerds werd de variatie in de kleur 
van het verenkleed naar verluidt gehandhaafd door een heterozygote voordeel: 
heterozygote intermediaire morfen hadden een hogere fitness dan homozygote lichte en 
donkere morfen. We hebben een van de basisprincipes van de heterozygootvoordeel-
hypothese op de proef gesteld, door te testen of de variatie in verenkleedkleur bij buizerds 



  SAMENVATTING 
 

 

181 

een een-locus twee-allelen overervingsmodel volgt (hoofdstuk 3). Met behulp van sociale 
stamboomgegevens uit het wild, met jonge vogels met bekende oudermorfen, hebben mijn 
collega’s en ik de veronderstelde genetische basis van het kenmerk bevestigd. We hebben 
hiermee aangetoonddat kleurvariatie bij buizerds zeer erfelijk is. We vonden echter geen 
onderbouwing voor een eenvoudig Mendelian een-locus twee-allelen overervingsmodel. 
Onze resultaten suggereren dat de kleur van het verenkleed van buizerds als een 
kwantitatief polygene eigenschap moet worden beschouwd. 

Gebruikmakend van 20 jaar aan broedgegevens hebben we eerdere studies naar de 
gevolgen van fitness van kleurpolymorfisme bij deze soort herhaald (hoofdstuk 4). We 
hebben morfeverschillen onderzocht in volwassen overleving, broedsucces, jaarlijks aantal 
geproduceerde jongen en cumulatief reproductief ssucces. We vonden dat de fitness 
verschilde tussen de morfen, waarbij de intermediaire morf de hoogste fitness had. 
Daarnaast werden assortatieve paringen voor kleurmorf waargenomen envonden we dat 
assortatieve paren meer kans hadden om nakomelingen te produceren met langere 
paarbindingen dan disassortatieve paren. Bovendien, hebben we in onze lange termijn 
studie een fenotypische verandering gevonden met een toenemend aantal intermediaire 
morfen. 

Hoewel de effecten van kleurvariatie voor verschillende levensgeschiedenis-
kenmerken goed beschreven zijn, zijn de effecten op het dispersie-gedrag van de dieren 
onderbelicht. Aangezien de effecten van kleurpolymorfisme op de strategieën voor 
ruimtegebruik door de buizerd in de vroege stadia van het leven ontbreken, hebben we de 
effecten van de kleur van het verenkleed op het dispersiegedrag van buizerdjongen 
bestudeerd (hoofdstuk 5). Verder hebben we het effect van kleuring op de habitatkeuze 
bestudeerd in de eerste maanden van de zwerftocht. Met behulp van GPS-zenderdata 
verzameld in een Nederlandse populatie, hebben we getest of de kleur van het verenkleed 
invloed heeft op de emigratietijd, het aantal bezochte gebieden, de verblijfsduur in de 
gebieden, de cumulatieve afstand tussen de gebieden, de afstand tussen het gebied in de 
eerste winter en het nest en het aandeel van het gekozen bosrijke leefgebied. We vonden 
dat de kleuring alleen verband hield met het aantal bezochte gebieden, maar niet met 
andere kenmerken. Donkere individuen bezochten een groter aantal gebieden tijdens de 
eerste maanden van de dispersie in vergelijking met lichtere individuen. 

Het proefschrift eindigt met een algemene discussie over de implicaties van onze 
bevindingen en toekomstperspectief (hoofdstuk 6).  
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