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Pedigree information 
 
Table S1. Summary of the jackdaw pedigree pruned for telomere data information. 
Included are individuals with known telomere length (TL) (A) at the age of 4 days (n=715) or 
(B) at the age of 29 days (n=474, a subset of individuals from A) and both pruned pedigree data 
sets additionally contain individuals related to two or more of those phenotyped individuals, 
i.e, relationship-informative individuals.  
 

Pedigree statistics (A) Quantity 
 (TL age 4 days) 

(B) Quantity  
(TL age 29 days) 

Individuals 1007 714 

Maternity links 724 492 

Paternity links 720 488 

Pair-wise full sibling relationships 1289 787 

Maternal siblingships 1770 1022 

Paternal siblingships 1660 987 

Mothers 174 133 

Fathers 177 134 

Maternal grandmothers 149 104 

Maternal grandfathers 149 99 

Paternal grandmothers 158 103 

Paternal grandfathers 155 97 

Maximum pedigree depth 

 

6 6 

N pairwise relatedness:   

     >= 0.5 2733 1767 

     >= 0.25 - < 0.5 2574 1438 

     >= 0.125 - < 0.25 1773 966 

     >= 0.025 - < 0.125 899 427 
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Fig. S1. Pedigrees of the jackdaw population. Pedigree (A) based on individuals phenotyped 
for telomere length at the age of 4 days and (B) at the age of 29 days, and each including 
respective relationship-informative individuals. Every line connects a parent with one of its 
offspring. At the top of this six-generational pedigree are the founder individuals, at the bottom 
the 6th generation. Blue lines indicate informative paternal links, red lines indicate informative 
maternal links and overlay the full population pedigree, which is indicated in grey. For 
quantities and statistics on the pruned pedigrees see table S1.   

(A) 

(B) 
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Telomere length analysis 

Text S1. Telomere restriction fragment analysis method 

For the telomere restriction fragment analysis, we removed the glycerol buffer, washed the cells 
and isolated DNA from 5 µl of erythrocytes using CHEF Genomic DNA Plug kit (Bio-Rad, 
Hercules, CA, USA). Cells in the agarose plugs were digested overnight with Proteinase K at 
50°C. DNA in half of a plug per sample was restricted simultaneously with HindIII (60 U), 
HinfI (30 U) and MspI (60 U) for ~18 h in NEB2 buffer (New England Biolabs Inc., Beverly, 
MA, USA). The restricted DNA was then separated by pulsed-field gel electrophoresis in a 
0.8% agarose gel (Pulsed Field Certified Agarose, Bio-Rad) at 14°C for 24h, 3V/cm, initial 
switch time 0.5 s, final switch time 7.0 s. For length calibration, we added 32P-labelled size 
markers (1kb DNA ladder, New England Biolabs Inc., Ipswich, MA, USA; DNA Molecular 
Weight Marker XV, Roche Diagnostics, Basel, Switzerland), which in combination exceed the 
size range of jackdaw telomere lengths on the gel. Gels were dried (gel dryer, Bio-Rad, model 
538) at room temperature and hybridized overnight at 37°C with a 32P-endlabelled 
oligonucleotide (5’-CCCTAA-3’)4 that binds to the telomeric single-strand overhang of non-
denatured DNA. Subsequently, unbound oligonucleotides were removed by washing the gel for 
30 min at 37°C with 0.25x saline-sodium citrate buffer. The radioactive signal of the sample-
specific telomere length distribution was detected by a phosphor screen (MS, Perkin-Elmer 
Inc., Waltham, MA, USA), exposed overnight, and visualized using a phosphor imager 
(Cyclone Storage Phosphor System, Perkin-Elmer Inc.). We calculated average telomere length 
using ImageJ (v. 1.38x) as described by Salomons et al. (2009). For each sample the limit at 
the side of the short telomeres of the distribution was lane-specifically set at the point of the 
lowest signal (i.e. background intensity). The limit on the side of the long telomeres of the 
distribution was set lane-specifically where the signal dropped below Y, where Y is the sum of 
the background intensity plus 10% of the difference between peak intensity and background 
intensity. 

Fig. S2. Gel image showing 
individual telomere length 
distributions of jackdaws. 
Lanes 1 & 28: DNA molecular 
weight marker XV (Roche 
Diagnostics). Lanes 2 & 29: 
Molecular size marker 1-kb 
ladder (NEB). Lanes 3-27: 
Jackdaw samples. Whereof: 
Lane 3: control sample of a 
jackdaw (29 days old) run on 
multiple gels. Lanes 4 & 5: 
One individual: 4 days old & 
29 days old. Lanes 6 & 7: One 
individual: 29 days old & 4 
days old. Etc.  
DNA was not denatured and 
thus only terminally located 
telomeric sequences were 
marked. Note that the wells 
and molecular size markers 
indicate gel straightness 
(within-gel comparability). 
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Descriptive statistics 
 
Table S2. Results of a linear mixed effects model to test the effects of age and sex on 
telomere length. (A) The estimate for age depicts the change in telomere length (bp) over the 
25-days interval. (B) The sexes did not differ in telomere length. (C) The sexes did not differ 
in telomere shortening over the sample interval. n (1st sample) = 715, n (2nd sample) = 474, n 
(known sex) = 696, n (females) = 357, n (males) = 339. 
 
A Fixed effects Estimate (SE) t df P value 
 Intercept 7005.7 (42.8) 163.75 65.97 <0.001 
 Age -260.0 (7.8) -33.18 478.5 <0.001 
      
 Random effects Proportion of variance    
 Bird ID 0.697    
 Gel ID 0.261    
 Residual 0.041    
      
B Fixed effects Estimate (SE) t df P value 
 Intercept 6987.5 (47.2) 163.75 95.08 <0.001 
 Age -261.6 (7.8) -33.57 472.9 <0.001 
 Sex (ref: female) 34.7 (40.4) 0.86 661.1 0.391 
      
 Random effects Proportion of variance    
 Bird ID 0.701    
 Gel ID 0.259    
 Residual 0.040    
      
C Fixed effects Estimate (SE) t df P value 
 Intercept 6991.4 (47.3) 147.85 95.68 <0.001 
 Age -273.2 (11.0) -24.87 478.5 <0.001 
 Sex (ref: female) 26.8 (40.7) 0.66 683.47 0.510 
 Age*Sex 23.2 (15.6) 1.49 474.70 0.136 
      
 Random effects Proportion of variance    
 Bird ID 0.701    
 Gel ID 0.259    
 Residual 0.040    
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Animal model analyses 
 
 
Table S3. Results of a univariate animal model with telomere length (in bp) at age 4 days 
as dependent variable, investigating parental effects (biological mother and father ID), brood 
ID and year effects, while controlling for biological father’s age (n = 715 individuals). See 
figure 1 for study design. 
 
Fixed effects Estimate (SE)  F df P value 
Intercept 7129.8 (77.3)     
Father’s age -26.236 (14.040)  3.492 1, 251.2 0.063 
      
Random 
effects 

Variance (SE) Proportion of 
variance (SE) 

χ2 df P value 

Additive 
genetic 

182405.7 (43274.7) 0.541 (0.116) 16.317 1 <0.001 

Mother ID 14283.1 (19044.4) 0.042 (0.056) 0.531 1 0.466 
Father ID* - - - - - 
Brood ID (B1) 15225.6 (14368.0) 0.045 (0.043) 1.387 1 0.239 
Year 23470.3 (16762.7) 0.070 (0.047) 5.622 1 0.018 
Gel ID 48499.2 (14118.8) 0.144 (0.039) 43.637 1 <0.001 
Residual 53203.9 (23127.4) 0.158 (0.074)    
      
  Heritability h2 (SE)    
  0.632 (0.133)    

* Father ID as random effect was bound to 0 and was therefore not included in the final model. 
 
 
Table S4. Results of a univariate animal model with telomere length (in bp) at age 4 
days as dependent variable, investigating parental effects (biological mother and father 
ID), brood ID and year effects, while not controlling for biological father’s age (n = 715 
individuals). See figure 1 for study design. 
 
Fixed effects Estimate (SE)  F df P value 
Intercept 7051.0 (64.2)  - - - 
      
Random 
effects 

Variance (SE) Proportion of 
variance (SE) 

χ2 df P value 

Additive 
genetic 

194500.4 (43440.6) 0.573 (0.114) 18.118 1 <0.001 

Mother ID 14037.5 (18569.1) 0.041 (0.054) 0.561 1 0.454 
Father ID* - - - - - 
Brood ID (B1) 14606.5 (14129.8) 0.043 (0.042) 1.326 1 0.250 
Year 22220.8 (16236.8) 0.065 (0.045) 4.889 1 0.027 
Gel ID 47226.0 (13942.8) 0.139 (0.039) 41.416 1 <0.001 
Residual 47069.2 (23163.7) 0.139 (0.073)    
      
  Heritability h2 (SE)    
  0.665 (0.130)    

* Father ID as random effect was bound to 0 and was therefore not included in the final model. 
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Table S5. Results of a univariate animal model with telomere length (in bp) at age 4 
days as dependent variable, investigating specifically paternal effects (biological father 
ID) while controlling for biological father’s age (n = 715 individuals). For study design 
see figure1. 
 
Fixed effects Estimate (SE)  F df P value 
Intercept 7128.7 (77.7)     
Father’s age -26.148 (13.839)  3.57 1, 280.5 0.060 
      
Random 
effects 

Variance (SE) Proportion of 
variance (SE) 

χ2 df P value 

Additive 
genetic 

196091.3 (37481.8) 0.582 (0.096) 34.753 1 <0.001 

Father ID* - - - - - 
Brood ID (B1) 20619.0 (13313.2) 0.061 (0.040) 3.122 1 0.078 
Year 24832.7 (17344.4) 0.074 (0.049) 6.045 1 0.014 
Gel ID 47956.8 (13983.2) 0.142 (0.039) 43.319 1 <0.001 
Residual 47222.8 (20619.3) 0.140 (0.066)    
      
  Heritability h2 (SE)    
  0.679 (0.109)    

* Father ID as random effect was bound to 0 and was therefore not included in the final model. 
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Table S6. Results of a univariate animal model with telomere length (in bp) at age of 29 
days as dependent variable, investigating brood ID effects (B1=until age of 4 days, B2=from 
age 4 days onwards), parental ID effects (before and after cross-fostering if applicable) and year 
effects, while controlling for biological father’s age (n=474 individuals). For study design see 
figure 1. 
 
Fixed effects Estimate (SE)  F df P value 
Intercept 6854.0 (89.1)     
Father’s age -30.7 (16.2)  3.6 1,294.2 0.059 
      
Random effects Variance (SE) Proportion of 

variance 
χ2 df P value 

Additive genetic 272847.7 (51881.3) 0.766 (0.114) 37.382 1 <0.001 
Mother ID* (biol.) - - - - - 
Father ID* (biol.) - - - - - 
Mother ID  
(during B2)* 

- - - - - 

Father ID  
(during B2)* 

- - - - - 

Brood ID (B1)* - - - - - 
Brood ID (B2) 7966.0 (12504.7) 0.022 (0.035) 0.448 1 0.504 
Year 20569.9 (20504.7) 0.058 (0.055) 2.292 1 0.130 
Gel ID 44976.9 (15869.2) 0.126 (0.042) 24.619 1 <0.001 
Residual 9852.8 (29490.9) 0.028 (0.084)    
      
  Heritability h2 

(SE) 
   

  0.877 (0.124)    
* Brood ID1 (ID up to the age of 4 days) added as random effect was bound to 0 with brood ID2 (ID 
between the age of 4-29 days) in the model. Brood ID1 was therefore not in the final model. Any parent 
ID (biological or non-biological) as random effect included was bound to 0, and they were therefore not 
included in the final model.  
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Table S7. Results of a univariate animal model with telomere shortening (ΔTL) between 
the ages of 4 and 29 days (in bp) as dependent variable, investigating brood ID effects, 
parental care effects and year effects (n=474 individuals). Heritability estimate and standard 
error for ΔTL excluding variation due to gel effects. See figure 1 for study design. 
 
Fixed effects Estimate (SE)  F df P value 
Intercept  -255.7(16.4)     
      
Random 
effects 

Variance (SE) Proportion of 
variance (SE) 

χ2 df P value 

Additive 
genetic 

2166.8 (2822.9) 0.074 (0.096) 0.809 1 0.368 

Mother ID 
(during B2)* 

- - - - - 

Father ID 
(during B2) 

473.4 (1400.7) 0.016 (0.048) 0.153 1 0.696 

Brood ID (B2) 462.6 (1546.6) 0.016 (0.053) 0.085 1 0.771 
Year 1112.4 (1026.7) 0.038 (0.034) 3.805 1 0.051 
Gel ID 1989.3 (1089.0) 0.068 (0.036) 5.091 1 0.024 
Residual 23017.3 (2634.7) 0.788 (0.086)    
      

Heritability h2 (SE) 
0.080 (0.103) 

* Mother ID that cared for the offspring from the age of 4 days was bound to 0 and was therefore not included in 
the final model. 
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Table S8. Results of a bivariate animal model analysis on telomere length (TL) measured 
at the ages 4 days in 715 individuals and again at 29 days in a subset of 474 individuals. (A) 
Fixed effects, variance components and covariances with regard to telomere length. Brood ID 
changed due to experimental manipulation at age 4 days and accordingly the respective brood 
ID (B1, B2) was fitted for the specific telomere length measure (TL4, TL29). Variances for 
random effects were estimated for telomere lengths at each age and for the covariance between 
the two telomere lengths, except for biological mother ID, which has a common variance for 
telomere length of both ages. (B) Heritability estimates for telomere length and telomere 
shortening (ΔTL) derived from the bivariate model. (C) Correlations between TL at ages 4 and 
29 days. For study design see figure 1. 
 

A 
Fixed effects 

TL 4 days 
Estimate (SE) 

TL 29 days 
Estimate (SE) F df P value 

 Intercept 7120.3 (75.2) 6878.3 (79.1)    
 Paternal age -25.4 (13.4)  3.6 1,277.8 0.058 

 -29.1 (14.2) 4.2 1,289.6 0.041 
      
 

Random effects 
TL 4 days TL 29 days 

Variance (SE) Proportion 
of variance Variance (SE) Proportion 

of variance 
 Additive genetic 201656.3 (41213.3) 0.596 240327.8 (46423.1) 0.661 
 Biological  

mother ID 15360.1 (15858.9) 0.045 15360.1 (15858.9) 0.042 

 Brood ID (B1)* 
until age 4 days - -   

 Brood ID (B2) 
age 4-29 days   724.9 (1509.3) 0.002 

 Year 21322.7 (15415.2) 0.063 23415.0 (17142.4) 0.064 
 Gel ID 51100.8 (14361.1) 0.151 46518.1 (14069.0) 0.128 
 Residual 48961.6 (22297.1) 0.145 37018.0 (25427.6) 0.102 
    
 Random effects Covariance (SE) 
 Additive genetic 219693.3 (43226.1) 
 Year 21802.6 (15968.7) 
 Gel ID 47760.4 (13923.1) 
 Residual 31615.4 (23279.8) 
   
B                                                         Heritability h2 (SE) including variance due to gel ID effect 

TL 4 days TL 29 days Δ TL 
 0.596 (0.108) 0.661 (0.110) 0.100 (0.090) 
    
C Correlations between TL at ages 4 and 29 days 

phenotypic r (SE) additive genetic r (SE) 
 0.953 (0.006) 0.998 (0.005) 
  

*Brood ID (B1) was bound to 0 and was therefore not included in the final model.   
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Parent-offspring regressions (biological parents) 
 
Table S9. Father-offspring regression, telomere length measured at the age of 4 days in 
all (in bp), father’s age not included (n=111 individual offspring of 28 fathers). See figure 
1 for study design. 
 
Fixed effects Estimate (SE)  F df P value 
Intercept 5967.2 (731.7)     
Father’s TL 
(age 4 days) 

0.181 (0.104)  3.009 1, 26 0.095 

      
Random 
effects 

Variance (SE) Proportion of  
variance (SE) 

χ2 df P value 

Father ID 53544.1 (43258.3) 0.160 (0.118) 1.7458 1 0.186 
Brood ID (B1) 32832.2 (47270.4) 0.098 (0.143) 0.4006 1 0.527 
Year 41044.6 (42704.9) 0.122 (0.115) 2.1076 1 0.147 
Gel ID 6945.5 (24253.4) 0.021 (0.072) 0.0844 1 0.771 
Residual 200744.9 (41041.1) 0.599 (0.136)    

 
 
 
Table S10. Father-offspring regression, telomere length measured at the age of 4 days 
in offspring and at age at conception in fathers (n=352 individual offspring of 82 fathers). 
See figure 1 for study design. 
 
Fixed effects Estimate (SE)  F df P value 
Intercept 5278.7 (423.0)     
Father’s TL 
(at conception) 

0.305 (0.073)  17.26 1, 95.7 <0.001 

      
Random 
effects 

Variance (SE) Proportion of 
variance (SE) 

χ2 df P value 

Father ID 70349.6 (27092.8) 0.209 (0.073) 8.596 1 0.003 
Brood ID (B1) 28164.3 (22472.1) 0.083 (0.067) 2.272 1 0.132 
Year 12578.8 (14778.7) 0.037 (0.043) 1.340 1 0.247 
Gel ID 52655.3 (22383.3) 0.156 (0.062) 8.364 1 0.004 
Residual 173611.3 (17608.1) 0.515 (0.062)    
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Table S11. Parent-offspring regressions comparing the telomere shortening (ΔTL) 
between the ages of 4 and 29 days (in bp) of (A) mothers and their offspring (n=45 
individual offspring of 14 mothers) and (B) fathers and their offspring (n=45 individual 
offspring of 12 fathers). See figure 1 for study design. 
 
A 
Fixed effects Estimate (SE)  F df P value 
Intercept -168.8 (83.6)     
Mother’s ΔTL  0.179 (0.235)  0.58 1, 7.55 0.469 
      
Random 
effects 

Variance Proportion of variance χ2 df P value 

Mother ID 2883 0.079 0.334 1 0.563 
Brood ID2* - - - - - 
Year 2533 0.069 0.280 1 0.597 
Gel ID 13460 0.367 4.477 1 0.034 
Residual 17772 0.485    
      
B 
Fixed effects Coefficient (SE)  F df P value 
Intercept -253.9 (51.8)     
Father’s ΔTL  0.038 (0.174)  0.05 1, 3.61 0.839 
      
Random 
effects 

Variance Proportion of variance χ2 df P value 

Father ID 9187 0.328 0.888 1 0.346 
Brood ID2* - - - - - 
Year 2738 0.098 1.206 1 0.272 
Gel ID 6483 0.232 1.095 1 0.295 
Residual 9571 0.342    

* Brood ID (B2) as random effect could not be estimated and was therefore not included in the final 
models. 
 
 

 
 

 


