
 

 

 University of Groningen

Telomeres, workload and life-history in great tits
Atema, Els

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:
2017

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Atema, E. (2017). Telomeres, workload and life-history in great tits. Rijksuniversiteit Groningen.

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: 29-10-2022

https://research.rug.nl/en/publications/98475bb2-1905-4cd3-b93e-5a75ab7877b3


 
 
 
 
 
 
 
 
 
 
 
 
 
 

Telomeres, workload and life-history  
in great tits 

 
 
 
 

Els Atema 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The research in this thesis was carried out at the Behavioural and Physiological Ecology Group 
at the Groningen Institute for Evolutionary Life Sciences of the University of Groningen, The 
Netherlands and at the Department of Animal Ecology at the Netherlands Institute of Ecology, 
The Netherlands. 
The research was supported by an open competition grant from the NWO Aard- en 
Levenswetenschappen (no. 821.01.003) awarded to S. Verhulst and A.J. van Noordwijk. 
The printing of this thesis was funded by the Netherlands Institute of Ecology and the University 
of Groningen. 
 
Lay-out: Els Atema 
Cover design: Elsje A. de Ruijter 
Printed by: GVO drukkers & vormgevers B.V., Ede 
 
This thesis should be cited as: 
Atema E. (2017) Telomeres, workload and life-history in great tits. PhD thesis. University of 
Groningen, Groningen, The Netherlands 
 
ISBN: 978-90-367-9381-0 
ISBN: 978-90-367-9380-3 (electronic version) 
  

 

 
 
 
 
 
 

Telomeres, workload and life-history in great tits 
 
 
 
 
 
 

 Proefschrift 
 
 
 
 

ter verkrijging van de graad van doctor aan de 
Rijksuniversiteit Groningen 

op gezag van de 
rector magnificus prof. dr. E. Sterken 

en volgens besluit van het College voor Promoties. 
 

De openbare verdediging zal plaatsvinden op 
 

vrijdag 13 januari 2017 om 16:15 uur 
 
 
 
 

door 
 
 
 
 

Elsje Atema 
 

geboren op 21 januari 1986 
te Smallingerland 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The research in this thesis was carried out at the Behavioural and Physiological Ecology Group 
at the Groningen Institute for Evolutionary Life Sciences of the University of Groningen, The 
Netherlands and at the Department of Animal Ecology at the Netherlands Institute of Ecology, 
The Netherlands. 
The research was supported by an open competition grant from the NWO Aard- en 
Levenswetenschappen (no. 821.01.003) awarded to S. Verhulst and A.J. van Noordwijk. 
The printing of this thesis was funded by the Netherlands Institute of Ecology and the University 
of Groningen. 
 
Lay-out: Els Atema 
Cover design: Elsje A. de Ruijter 
Printed by: GVO drukkers & vormgevers B.V., Ede 
 
This thesis should be cited as: 
Atema E. (2017) Telomeres, workload and life-history in great tits. PhD thesis. University of 
Groningen, Groningen, The Netherlands 
 
ISBN: 978-90-367-9381-0 
ISBN: 978-90-367-9380-3 (electronic version) 
  

 

 
 
 
 
 
 

Telomeres, workload and life-history in great tits 
 
 
 
 
 
 

 Proefschrift 
 
 
 
 

ter verkrijging van de graad van doctor aan de 
Rijksuniversiteit Groningen 

op gezag van de 
rector magnificus prof. dr. E. Sterken 

en volgens besluit van het College voor Promoties. 
 

De openbare verdediging zal plaatsvinden op 
 

vrijdag 13 januari 2017 om 16:15 uur 
 
 
 
 

door 
 
 
 
 

Elsje Atema 
 

geboren op 21 januari 1986 
te Smallingerland 



 

Promotores 
Prof. dr. S. Verhulst 
Prof. dr. A.J. van Noordwijk 
 
 
Beoordelingscommissie  
Prof. dr. S. Bensch 
Prof. dr. C. Both 
Prof. dr. M. Naguib 

 
  

Table of contents 
 
 
CHAPTER 1  Introduction and synthesis      12   3 
 

PART I   Quantifying telomere length 

CHAPTER 2  GAPDH as a control gene to estimate genome copy       26 
number in great tits, with cross-amplification in blue tits 

     
CHAPTER 3 Ultra-long telomeres mask attrition of short telomeres in      40 

great tits 
     

PART II  Genes, workload and life-history 

CHAPTER 4  Heritability of telomere length in the zebra finch   1   68 
     

CHAPTER 5  Costs of long-term carrying of extra mass in a songbird  1   93 

      
CHAPTER 6  Telomeres, telomere dynamics and great tit life-histories    124 
 

REFERENCES               127 
 
SAMENVATTING               143 
 
DANKWOORD               151 
 
AFFILIATIONS OF CO-AUTHORS             155
  
PUBLICATIONS               157 
  



 

Promotores 
Prof. dr. S. Verhulst 
Prof. dr. A.J. van Noordwijk 
 
 
Beoordelingscommissie  
Prof. dr. S. Bensch 
Prof. dr. C. Both 
Prof. dr. M. Naguib 

 
  

Table of contents 
 
 
CHAPTER 1  Introduction and synthesis      12   3 
 

PART I   Quantifying telomere length 

CHAPTER 2  GAPDH as a control gene to estimate genome copy       26 
number in great tits, with cross-amplification in blue tits 

     
CHAPTER 3 Ultra-long telomeres mask attrition of short telomeres in      40 

great tits 
     

PART II  Genes, workload and life-history 

CHAPTER 4  Heritability of telomere length in the zebra finch   1   68 
     

CHAPTER 5  Costs of long-term carrying of extra mass in a songbird  1   93 

      
CHAPTER 6  Telomeres, telomere dynamics and great tit life-histories    124 
 

REFERENCES               127 
 
SAMENVATTING               143 
 
DANKWOORD               151 
 
AFFILIATIONS OF CO-AUTHORS             155
  
PUBLICATIONS               157 
  



  

 

 

 

Chapter 1 
 

 

Introduction and synthesis 
 

 

Els Atema  

 

     

 

   

 
  




