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Table 1 Vertebrate studies investigating whether natural variation in telomere length and/or within-

individual attrition rates predicts survival. Studies are grouped first by whether they focussed on 

dependent young or adults, and then by taxonomic group. Telomere length: ‘Yes’ where shorter 

telomeres predict shorter lifespan and/or reduced survival. Telomere attrition: ‘Yes’ where higher rates 

of telomere attrition predict shorter lifespan and/or reduced survival. Where survival to more than one 

age was tested, results for each age are presented on separate lines. Sample sizes (n; number of 

individuals) are given in parentheses.  

*1 only in nestlings that never contracted malaria; sample size is therefore given for uninfected birds 

only. Infected birds: n = 32 *2 only in late-born chicks; sample size is, however, only given for all chicks. 

*3 Pythons that were recaptured had shorter telomeres than those that were not, *4 increase in % of 

short telomeres rather than telomere attrition per se. *5 Middle quartile had lowest survival. *6 A 

correlation between survival and telomere length was only found in 80-89 year-old women.  

Species survival measure Captive/ 

wild 

Telomere 

length (n) 

Telomere 

attrition (n) 

Reference 

 

Studies of dependent young 

Great reed warbler 

(Acrocephalus arundinaceus) 

lifespan wild Yes*1 (49) - Asghar et al. 2015 

Jackdaw 

(Corvus monedula) 

survival to post-fledging 

and to recruitment 

wild No (152) Yes (152) Boonekamp et al. 2014 

 

Barn swallow  

(Hirundo rustico) 

lifespan wild No (60) - Caprioli et al. 2013 

King penguin  

(Aptenodytes patagonicus) 

growth-period survival wild Yes (44) - Geiger et al. 2012 

King penguin 

(Aptenodytes patagonicus) 

survival to fledging 

survival to winter 

wild Yes*2 (66) 

No (63) 

- 

- 

Stier et al. 2014 

 

zebra finch 

(Taeniopygia guttata) 

Lifespan captive Yes (99) No (79) 

 

Heidinger et al. 2012 

European storm petrel 

(Hydrobates pelagicus) 

survival to fledging wild Yes (59) - Watson et al. 2015 

black-legged kittiwake 

(Rissa tridactyla) 

survival to fledging wild Yes (107) - Young et al. 2017 

Soay sheep (Ovis aries) first winter survival: 

neonates 

lambs in their 1st August  

wild  

No (115) 

Yes (115) 

No  Fairlie et al. 2016 

Water python (Liasis fuscus) recapture wild No (20) - Ujvari & Madsen 2009 

 

Studies of adults 

American redstart ♂

(Setophaga ruticilla) 

return rate wild Yes (63) - Angelier et al. 2013 

Seychelles warbler 

(Acrocephalus sechellensis) 

survival to following year 

post-sampling lifespan 

wild Yes (204) 

Yes (204) 

- 

Yes (96) 

Barrett et al. 2013 



Species survival measure Captive/ 

wild 

Telomere 

length (n) 

Telomere 

attrition (n) 

Reference 

Alpine swift (Apus melba) Length of survival over 7 

years 

wild Yes (98) Yes (22) Bize et al. 2009 

Southern giant petrel 

(Macronectes giganteus) 

survival over 8 years wild Yes (47) - Foote et al. 2010 

Zebra finch (at age 1 yr) 

(Taeniopygia guttata) 

Lifespan  

 

captive Yes (79) 

 

  Heidinger et al. 2012 

Tree swallow  

(Tachycineta bicolor) 

return rate wild Yes (22) - Haussmann et al. 2005 

Tree swallow 

(Tachycineta bicolor) 

return rate over 2 years wild No (82) - Ouyang et al. 2016 

Sand martin 

(Riparia riparia) 

minimum lifespan  

(age last seen) 

wild Yes (23) - Pauliny et al. 2006 

Dunlin 

(Calidris alpina) 

minimum lifespan  

(age last seen) 

wild No (30) - Pauliny et al. 2006 

Jackdaw  

(Corvus monedula) 

survival to following year wild Yes (48) Yes Salomons et al. 2009 

Yellowthroat ♂ 

(Geothlypis trichas) 

survival to the following 

year 

wild No (59) No (47) Taff & Freeman-Gallant 

2017 

Water python (Liasis fuscus) recapture wild No*3 (50) - Ujvari & Madsen 2009 

Frill-necked lizard 

(Chlamydosaurus kingie) 

recapture wild No (9393) No (40) Ujvari et al. 2016 

Soay sheep (Ovis aries) Lifespan and survival of 3+ 

yr olds 

Survival over high -

mortality winter 

wild  

No (216) 

 

Yes (86) 

 
Fairlie et al. 2016 

Mouse (Mus musculus)  

                        wild type  

                        TgTERT 

minimum lifespan captive -  

Yes*4 (18) 

Yes*4 (16) 

Vera et al. 2012 

 

 

Human  

85 -99 yrs old 

100 – 104 yrs old 

105+ yrs old 

Survival over follow up 

period (max = 10 years) 

-  

Yes*5 (532) 

No (275) 

No (403) 

- Arai et al. 2015 

Human 63 – 95 yrs old survival over follow up 

period (mean = 6.9 years) 

- Yes (350) - Bakaysa et al. 2007 

Human 73 – 101 yrs old survival over follow up 

period (7 - 8 years) 

- No*6 (812) - Bischoff et al. 2006 

Human 60 – 85+ yrs old

  

survival over follow up 

period (15 years) 

- Yes (143) - Cawthon et al. 2003 

Human ♂70 – 79 yrs old survival over 12 years - Yes (236) Yes (236) Epel et al. 2009 

Human 79 yrs old survival over follow up 

period (5 years) 

- No (190) - Harris et al. 2006 

Human 65 – 105 yrs old survival over follow up 

period (9 - 11 years) 

 
Yes (257) - Honig et al. 2006 

Human 73 – 94 yrs old survival over follow up 

period (9 - 10 years) 

- Yes (548) - Kimura et al. 2008 



Species survival measure Captive/ 

wild 

Telomere 

length (n) 

Telomere 

attrition (n) 

Reference 

Human 85 – 101 yrs old survival over follow up 

period (12 - 15 years) 

- No (598) - Martin-Ruiz et al. 2005 

Human post-stroke 75 - 94 survival over follow up 

period (5 years) 

- Yes (195) - Martin-Ruiz et al. 2006 
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Table 2. Summary of the nestling sample sizes in the survival models for each age group.  

 Age group 

 4 12 30 4 & 12 

 Nestlings 

82  

(40 and 24 also 

measured at day 12 

and day 30 

respectively) 

146  

(52 also measured at 

day 30) 

 

71 

 

39 

Broods 59  100 55 32 

Social 

groups 
30 36 31 25 

Seasons 

2010-11, 2013-14,  

2014-15 

2010-11, 2011-12,  

2012-13, 2013-14,  

2014-15 

2011-12, 2012-13,  

2013-14, 2014-15 

2013-14, 

2014-15 



  



Table 3: Model selection table showing predictors of survival of white-browed sparrow weavers to the start of the 

following season for (a) day 4 nestlings, (b) day 12 nestlings and (c) day 30 fledglings. Δ6 AICc top model set after 

implementation of the model nesting rule are presented (Richards et al. 2011). Where the null model is not in the 

top model set it is included and shaded in blue. Effect sizes are given with standard errors in parentheses. 

Continuous variables were standardised (centred and scaled). For sex, estimates and standard errors are given 

for males (M) relative to females. Int = intercept, AW = adjusted weight after implementation of the model nesting 

rule. The same predictors were tested in all global models, with RTL, age at sampling and body mass being specific 

to the age of measurement. * Predictors that were included in the global models but were not present in any of 

the models in the top model sets. 

Int RTL 
age next 

season 

body 

mass 

pre-lay 

rain 

post-lay 

rain 
Sex (M) df logLik AICc Δ AICc AW 

(a) Day 4 nestlings (n = 82 nestlings from 59 broods in 30 groups) 

-0.073 

(0.245) 

-1.063 

(0.319) 

-0.595 

(0.274) 
    

6 -48.56 110.2 0.00 0.814 

-0.078 

(0.238) 

-0.843 

(0.281) 
     

5 -51.20 113.2 2.95 0.186 

-0.027 

(0.241) 
      

4 -57.39 123.3 11.25 NA 

(b) Day 12 nestlings (n =146 nestlings from 100 broods in 36 groups) 

0.604 

(0.672) 
 

-2.164 

(0.878) 

0.695 

(0.319) 

-1.703 

(0.730) 

-0.596 

(0.375) 
 

8 -84.68 186.4 0.00 0.368 

0.931 

(0.508) 
 

-1.933 

(0.861) 

0.931 

(0.420) 

-1.718 

(0.814) 
 

-0.915 

(0.683) 

8 -84.98 187.0 0.60 0.273 

0.597 

(0.623) 
 

-1.733 

(0.774) 

0.642 

(0.327) 

-1.399 

(0.646) 
  

7 -86-14 187.1 0.69 0.260 

0.783 

(0.752) 
 

-2.141 

(0.807) 
 

-1.419 

(0.635) 
  

6 -88.63 189.9 3.45 0.065 

0.459 

(0.543) 
  

0.779 

(0.311) 
   

5 -90.36 191.2 4.75 0.034 

0.427 

(0.564) 
      

4 -95.06 198.4 12.00 NA 

(c) Day 30 fledglings (n = 71 fledglings from 55 broods in 31 groups) 

1.054 

(0.843) 
      

4 -30.10 68.8 0.00 1 

* Age at sampling, adult group size 

  



 

 

 

 

 

 

 

 

 

 

 

Figure 1. Model predictions for the effect of relative telomere length (RTL; top row) and body mass (bottom row) 

on survival of white-browed sparrow weaver nestlings to the start of the following season, at (left) day 4, (middle) 

day 12 and (right) day 30. Nestlings fledge at approximately day 20. Where survived = 0 the nestling was not 

observed in the following season, where survived = 1, the nestling was observed in the following season. RTL is 

calculated as the ratio between quantity of telomeric DNA and the reference gene. Points are jittered raw data. 

Where body mass or telomere length were present in the top model set, the effect is shown by the mean 

predicted line from the top model when all other variables are held at their mean value. Shaded areas show 95% 

confidence intervals.  



  



Table 4: Model selection table showing predictors of survival of day 4 white-browed sparrow weaver nestlings to 

fledging, for (a) all samples, (b) when ‘predated’ nestlings were excluded and (c) when ‘expired’ nestlings were 

excluded. Δ6 AICc top model sets after implementation of the model nesting rule are presented (Richards et al. 

2011). Where the null model was not present in the top set it is still included but highlighted in blue. Effect sizes 

are given followed by standard errors in parentheses. All continuous variables were standardised (centred and 

scaled). For sex, estimates and standard errors are given for males (M) relative to females. Int = intercept, AW = 

adjusted weight after implementation of the model nesting rule. The same predictors were tested in all global 

models, with telomere length (RTL), age at sampling and body mass being specific to the age of measurement. * 

Predictors that were included in the global models but were not present in any of the models in the top model 

sets. 

Intercept RTL 
Body 

Mass 
Sex (M) 

Group 

size 

post-lay 

rain 
df logLik AICc Δ AICc AW 

(a) All samples (n = 82 nestlings from 59 broods from 30 groups) 

0.354 

(0.260) 

-0.825 

(0.316) 

0.578 

(0.295) 

 -0.424 

(0.259) 

 7 -47.30 110.1 0.00 0.296 

0.381 

(0.281) 

-0.888 

(0.334) 

0.686 

(0.335) 

  -0.431 

(0.293) 

7 -47.42 110.4 0.24 0.262 

0.367 

(0.277) 

-0.862 

(0.327) 

0.560 

(0.307) 

   6 -48.66 110.4 0.33 0.251 

-0.055 

(0.342) 

-0.845 

(0.302) 

 0.760 

(0.502) 

  6 -49.62 112.4 2.24 0.097 

0.329 

(0.258) 

-0.804 

(0.300) 

    5 -50.81 112.4 2.30 0.094 

0.383 

(0.280) 

     4 -56.15 120.8 9.99 0.002 

(b) Excluding ‘predated’ nestlings (leaves n = 68 nestlings from 52 broods from 30 groups)  

0.859 

(0.275) 

 0.571 

(0.287) 

   5 -39.86 90.7 0.00 0.733 

0.806 

(0.263) 

     4 -42.04 92.7 2.01 0.267 

(b) Excluding ‘expired’ nestlings (leaves n = 74 nestlings from 55 broods from 30 groups) 

0.941 

(0.575) 

-1.229 

(0.533) 

   -0.673 

(0.479) 

6 -40.21 93.7 0.00 0.51 

8.242 

(1.691) 

     4 -42.59 93.8 0.08 0.49 

* Age at sampling, pre-lay rain



 

Figure 2. Model predictions for the effect of relative telomere length (RTL; top row) and body mass (bottom row) 

of white-browed sparrow weavers at day 4 for (left) all nestlings, (middle) all nestlings except those classified as 

‘predated’ and (right) all nestlings except those classified as ‘expired’. Where survived = 0 the nestling was never 

observed as a fledgling, where survived = 1, the nestling was observed to have fledged. RTL is calculated as the 

ratio between quantity of telomeric DNA and the reference gene. Points are jittered raw data. In the central panel, 

where ‘predated’ nestlings are excluded, • are nestlings classified as ‘expired’, or nestlings that survived; x are 

nestlings that had an unclassified cause of disappearance. In the right-hand panel, where ‘expired’ nestlings are 

excluded, • show nestlings classified as ‘predated’; x are nestlings that had an unclassified cause of disappearance, 

or that survived. Where the variable was present in the top model set, the effect is shown by the mean predicted 

line from the top model when all other variables are held at their mean value, and the grey ribbon is 1.96 * se 

from the model estimate.  

 





 

 

 

 

 

  



Table 5. Model selection table showing predictors of survival of day 12 white-browed sparrow weaver nestlings 

to the start of the following season for (a) all data, (b) after removal of an outlier, (c) for data below the peak of 

the quadratic, and (d) data above the peak of the quadratic. The Δ6 AICc top model set after implementation of 

the model nesting are presented (Richards et al. 2011). Where the null model is not present in the top model set 

it is highlighted in blue. All models were linear mixed models with the exception of (c) for which random effects 

were not included (see main body of text). Estimates are given followed by standard errors in parentheses. 

Continuous variables were centred and scaled. Estimates and standard errors of sex are given for males (M) 

relative to females.  Body mass reflects the nestling’s mass at day 12. RTL reflects the nestling’s RTL at day 4, prior 

to the period over which Δ RTL was calculated. Δ RTL reflects the rate of change in RTL from day 4 to day 12. * 

Predictors that were included in the global model for (a) but were not present in any of the models in the top 

model set. Predictors for (b) and (c) were those present in the top model set of (a) 

Int Body mass RTL Δ RTL Δ RTL2 df logLik AICc Δ AICc AW 

a) all data   

1.150 

(0.557) 

1.007 

(0.573) 

 1.036 

(0.605) 

-1.180 

(0.631) 

6 -18.337 51.3 0.00 0.496 

1.366 

(0.521) 

  0.747 

(0.516) 

-1.351 

(0.574) 

5 -20.256 52.3 1.03 0.296 

0.306 

(0.381) 

1.299 

(0.554) 

 0.862 

(0.446) 

 5 -21.199 54.2 2.92 0.115 

0.381 

(0.407) 

0.981  

(0.584) 

-0.688 (0.472)   5 -22.099 56.0 4.72 0.047 

0.358 

(0.353) 

0.903 

(0.430) 

   4 -23.451 56.1 4.78 0.045 

0.363 

(0.326) 

     3 -26.401 59.5 8.19 NA 

b) with outlier removed  

1.150 

(0.557) 

1.007 

(0.573) 

 1.036 

(0.606) 

-1.180 

(0.631) 

6 -18.337 51.4 0.00 0.506 

1.366 

(0.521) 

  0.747 

(0.516) 

-1.351 

(0.574) 

5 -20.256 52.4 1.00 0.306 

0.448 

(0.365) 

0.998 

(0.452) 

   4 -22.078 53.4 1.98 0.188 

0.427 

(0.332) 

    3 -25.491 57.7 6.30 NA 

c) data below the peak of the quadratic 

0.786 

(0.529) 

  1.598 

(0.658) 

NA 2 -11.685 27.9 0.00 0.949 

0.595 

(0.449) 

0.877 

(0.550) 

  NA 2 -14.602 33.7 5.84 0.051 

0.575     NA 2 -16.335 34.8 6.93 NA 

d) data above the peak of the quadratic 

0.1542 

(0.556) 

   NA 3 -8.972 26.6 0.00 1.00 

* Day 4 RTL, Age at the start of the following season, pre-lay rainfall, post-lay rainfall 



 . 

Figure 3: Model predicted line showing the effect of change in RTL per day between day 4 and day 12 on the 

survival of white browed sparrow weaver nestlings to the following season. Where survived = 0 the nestling was 

not observed in the following season, where survived = 1, the nestling was observed in the following season. 

Points are jittered raw data. Solid line is the mean predicted line when body mass is held at its mean value, grey 

ribbon is 1.96 * se from the mean. This relationship remains in the top model when the outlier (circled) is 

removed. RTL is calculated as the ratio between quantity of telomeric DNA and the reference gene. As change in 

RTL was corrected for regression to the mean using Verhulst’s D, which renders 0 equal to the mean change in 

telomere length, we corrected the position of 0 before calculating the rate of change in RTL per day for analysis. 

Thus, data to the left of the dashed line indicate telomere loss, while points to the right indicate increase.
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Table 1. Model selection table showing predictors of telomere length of day 4 white-browed sparrow weaver 

nestlings, for (a) all samples, and (b) when a single influential point is excluded (see circled point in Figure 1a). Δ6 

AICc top model sets after implementation of the model nesting rule are presented (Richards et al. 2011). Where 

it is not present in the top model set, the null model is shown, highlighted in blue. All continuous variables were 

centred and scaled. Estimates for each term present in each model are given followed by the standard error in 

parentheses. For sex, the estimate and standard error are given for males (M) relative to females. *Variables 

present in the global model but not the top model set  

Intercept pre-lay rain Sex (M) df logLik AICc Δ AICc Adjusted weight 

(a) full data 

0.007 (0.029) 0.040 (0.023)  7 20.755 -26.1 0.00 0.544 

0.008 (0.029)   6 19.395 -25.7 0.35 0.456 

(b) influential point removed 

-0.014 (0.034) 0.073 (0.019) 0.058 (0.032) 8 32.646 -47.4 0.00 0.581 

0.017 (0.030) 0.076 (0.020)  7 31.085 -46.7 0.69 0.415 

   0.017    6 24.617 -36.2 11.25 NA 

* Age, Egg mass, Nestling mass at day 4, log Group size, Clutch size, Clutch size: pre-lay rain 

  



 

 

 

 

 

 

 

 

 

Figure 1: Model predicted slope of the effect of rainfall in the month prior to egg laying on hatchling white-browed 

sparrow weaver relative telomere length (RTL) for (a) all data, with the influential point circled, and (b) after 

removal of the influential point, with the data and regression lines for the sexes now indicated for females (filled 

circles, solid line) and for males (open circles, dashed line). RTL has been back-transformed from log RTL. Grey 

ribbon shows 95% confidence intervals (not included in b for ease of viewing, but see Table 1 for standard errors). 

Points that overlap in figure (a) appear darker. 



 

  



 

Table 2. Model selection table showing predictors of the rate of change in relative telomere length during early 

development (between day 4 and day 12) of white-browed sparrow weaver nestlings. Δ6 AICc top model set after 

implementation of the model nesting rule is presented (Richards et al. 2011). All continuous variables were 

centred and scaled. Estimates are presented with standard errors in parentheses. *Variables present in the global 

model but not the top model set 

Intercept Day 4 RTL df logLik AICc Δ AICc Adjusted Weight 

0.001 (0.0036) -0.005 (0.0025) 6 109.416 -204.3 0.00 0.662 
0.001 (0.0034)  5 107.353 -202.9 1.35 0.338 

* nestlings mass at day 12, sex, nestling competition, group type (unassisted pairs or social group), group size, 

pre-lay rainfall, post-lay rainfall 

 

 

 

Figure 2. Effect of relative telomere length (RTL) of white-browed sparrow weaver nestlings at day 4 on the within-

individual rate of change in RTL between day 4 and day 12. Model predicted slope and 95% confidence intervals 

are shown. RTL is calculated as the ratio between quantity of telomeric DNA and the reference gene. As change 

in RTL was corrected for regression to the mean using Verhulst’s D, which renders 0 equal to the mean change in 

telomere length, we corrected the position of 0 before calculating the rate of change in RTL for analysis. Thus, 

data below the dashed line indicate telomere loss. Points show raw data, and the grey ribbon shows confidence 

intervals around the estimate. 





 

 

 

 

 

 

 

Figure 3. Change in relative telomere length (RTL) of white-browed sparrow weaver nestlings between (a) day 4 

and day 12, and (b) day 12 and 30 and rate of change in telomere length between (c) day 4 and day 12, and (d) 

day 12 and 30. Nestlings fledge at approximately day 20. In all plots, the dashed line shows the line of no change, 

with points below the line indicating telomere attrition. In (a and b) open circles are offspring raised by social 

groups, while closed points are offspring raised by unassisted pairs. Relative telomere length is calculated as the 

ratio between quantity of telomeric DNA and the reference gene. In plots (c and d) grey points show the raw data, 

while the black point and whiskers show the mean ± one standard error from the mean from the raw data. As 

change in RTL was corrected for regression to the mean using Verhulst’s D, which renders 0 equal to the mean 

change in telomere length, we corrected the position of 0 before calculating the rate of change in RTL for analysis.  

(a) (b) 

(c) (d) 



Table 3. Model selection table showing predictors of the rate of change in relative telomere length of white-

browed sparrow weaver nestlings during late development (between day 12 and day 30). Nestlings fledge at 

approximately day 20. Δ6 AICc top model set after implementation of the model nesting rule is shown (Richards 

et al. 2011). Estimates are presented with standard errors in parentheses. Group size was centred and scaled. For 

group type the estimate is given for unassisted pairs relative to social groups. *Variables present in the global 

model but not the top model set

(Intercept) 
Group type 

(Unassisted Pairs) 
Group size df logLik AICc Δ AICc 

Adjusted 

Weight 

-0.0012 (0.0014) -0.005 (0.0014)  7 165.21 -313.6 0.00 0.473 

-0.0029 (0.0012)  
0.0022 

(0.0011) 
7 164.78 -312.8 0.85 0.310 

-0.0029 (0.0012)   6 163.06 -312.1 1.55 0.218 

* nestlings mass at day 12, nestlings mass gain, nestling competition, start RTL, pre-lay rainfall, post-lay rainfall, 

nestling mass at day 12: mass gain 

  



 

 

Figure 4. The effect of white-browed sparrow weaver adult group size on the rate of change in nestling relative 

telomere lengths (RTL) between day 4 and day 12: Rate of change in RTL is calculated as day 12 RTL – day 4 RTL 

corrected for regression to the mean using Verhulst’s D, divided by the number of days between samples. 

Correcting for regression to the mean involves mean-centering RTL values, but for clarity zero has been readjusted 

to indicate no change in RTL. Thus, data below the dashed line indicate telomere loss. Points show raw data, and 

the grey ribbon shows 95% confidence intervals around the model predicted estimate (black line) from the second 

best supported model. Points show raw data and are darker where they overlap. 
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Table 1. Model selection table of predictors of relative telomere length of adult white-browed sparrow weavers. 

Δ6 AICc top model set after implementation of the model nesting rule is presented (Richards et al. 2011). Age was 

scaled and centred. Estimates are given for each variable; for sex, the estimate is given for males relative to 

females, and standard errors are reported in parentheses. AW = adjusted Akaike weight. * Terms that appeared 

in the global model but are not present in the top model set. 

Intercept Sex (M) Age df logLik AICc Δ AICc AW 

-0.0228 

(0.051) 

-0.090 

(0.034) 

-0.0413 

(0.021) 

8 104.088 -191.7 0.00 0.477 

-0.0319 

(0.046) 

-0.077 

(0.035) 

 7 102.873 -191.4 0.32 0.407 

-0.0726 

(0.043) 

  6 100.568 -188.8 2.83 0.116 

* Dominance status, Age2



 

 

 

 

 

 

 

Figure 1: Changes in white-browed sparrow weaver adult relative telomere length with (a) increasing age for the 

entire population (including selective appearance and disappearance effects), (b) within-individual changes in age, 

and (c) among-individual changes in the mean age at which individuals were sampled, suggestive of a selective 

disappearance or selective appearance effect. Solid line shows the model estimate from the best supported model 

in each case and is plotted for females as sex was also present in the top model. Points are adjusted to control for 

the random effects present in the model (season, social group, qPCR plate and bird ID), and for sex. Shaded areas 

show 95% confidence intervals where the focal variable was present in the best supported model. The y axis has 

been back-transformed from log (RTL). Relative telomere length is calculated as a ratio of the quantity of telomeric 

DNA (T) to reference gene (S).  

(a) (b) (c) 



Table 2. Model selection table of predictors of log RTL, using age partitioning. Δ6 AICc top model set after 

implementation of the model nesting rule is presented (Richards et al. 2011). All continuous variables were 

centred and scaled. Effect size estimates are given for each term; for sex, the estimate is given for males relative 

to females. Standard errors are given in parentheses. * Terms that appeared in the global model but are not 

present in the top model set. 

Intercept Sex (M) mean age df logLik AICc Δ AICc 
Adjusted 

weight 

-0.029 

(0.047 

-0.086 

(0.034) 

-0.028 

(0.017) 

8 104.079 -191.7 0.00 0.475 

-0.032 

(0.046) 

-0.077 

(0.035) 

 7 102.873 -191.4 0.30 0.409 

-0.073 

(0.043) 

  6 100.568 -188.8 2.81 0.116 

* Dominance status, Δ age, Δ age: Dominance status, mean age: Dominance status, Sex: Dominance status, Δ age: mean age, 

Δ age: Sex, Δ age2   



 

 

Table 3: Model selection table showing predictors of within-individual change in relative telomere length over the 

breeding and non-breeding seasons for adult white-browed sparrow weavers. Δ6 AICc top model set after 

implementation of the model nesting rule is presented (Richards et al. 2011), along with the null model (not 

present in the top model set) highlighted in blue. All continuous variables were scaled and centred. Effect size 

estimates are given for each term, with standard errors in parentheses. For dominance status and season, and 

interactions containing these terms, estimates are given for subordinate birds (Sub) relative to dominants and for 

the non-breeding season (N-B) relative to the breeding season. Int: intercept, AW: adjusted Akaike weight. * 

Variables that were in the global model but do not appear in the top model set  

Int 

 

Dominance 

Status (Sub) 

 

Season 

(N-B) 

 

start 

RTL 

 

Annual 

rain 

 

Status 

(Sub): 

start RTL 

Status 

(Sub): 

annual 

rain 

Season 

(N-B): 

annual 

rain 

df 

 

logLik 

 

AICc 

 

Δ 

AICc 

 

AW 

 

0.006 

(0.003) 

-0.006  

(0.003) 

0.000 

(0.004) 

-0.008 

(0.002) 

-0.011 

(0.004) 

0.011 

(0.003) 

-0.006 

(0.003) 

0.015 

(0.005) 

13 451.06 -874.01 0.00 0.606 

0.006 

(0.004) 

-0.006  

(0.004) 

0.002 

(0.004) 

-0.008 

(0.002) 

-0.015 

(0.003) 

0.010 

(0.003) 
 0.017 

(0.005) 

12 449.33 -872.86 1.14 0.342 

0.003        6 431.80 -851.1 22.87 NA 

Sex, log Group size, Mass, Δ Mass, Status: Sex, Status: Group size, Mass: Δ Mass  



Figure 2. The effect of annual rainfall (mm) on the within-individual rate of change in RTL per month in adult white-

browed sparrow weavers for (a) dominant birds in the breeding season, (b) subordinate birds in the breeding 

season, (c) dominant birds in the non-breeding season, and (d) subordinate birds in the non-breeding season. 

Plots reflect the interactions between dominance status and annual rainfall, and between season and annual 

rainfall, both present in the top model in Table 3. Solid lines show the estimates from the best supported model 

for the mean value of initial RTL. Grey ribbons show 95% confidence intervals around the estimate. Points are raw 

data and are partially opaque to show overlapping points. As change in RTL was corrected for regression to the 

mean using Verhulst’s D, which renders 0 equal to the mean change in telomere length, we corrected the position 

of 0 before calculating the rate of change in RTL for analysis. As such, the dashed line in all panels shows the point 

of no change in telomere length over time; points below the line show decreases in telomere length estimates 

over time and points above the line show increases in telomere length estimates over time. 

Dominant birds 

Breeding season 

Subordinate birds 

Breeding season 

Subordinate birds 

Non-breeding season 

Dominant birds 

Non-breeding season 

(a) (b) 

(c) (d) 



 

Figure 3. Model predicted estimates of the effect of telomere length (RTL) at the start of the season on the rate 

of change in RTL during that season, for dominant and subordinate adult white-browed sparrow weavers. Solid 

line shows the estimate from the top model for the non-breeding period and for the mean value of annual rainfall. 

Grey ribbons show 95% confidence intervals around the estimate. Points are raw data and are partially opaque 

to show overlap. RTL was calculated as a ratio of the quantity of Telomeric DNA (T) to reference gene (S). As 

change in RTL was corrected for regression to the mean using Verhulst’s D, which renders 0 equal to the mean 

change in telomere length, we corrected the position of 0 before calculating the rate of change in RTL for analysis. 

As such, the dashed line in all panels shows the point of no change in telomere length over time; points below the 

line show decreases in telomere length estimates over time and points above the line show increases in telomere 

length estimates over time. 

Dominant birds Subordinate birds 



 

 

Table 4: Model selection table showing predictors of change in relative telomere length of adult white-browed 

sparrow weavers over the breeding period. Δ6 AICc top model set after implementation of the model nesting rule 

is presented (Richards et al. 2011), along with the null model (not present in the top model set), highlighted in 

blue. All continuous variables were scaled and centred. Effect size estimates are given for each term, with standard 

errors in parentheses. For dominance status, and the interaction containing this term, estimates and standard 

errors are given for subordinates (Sub) relative to dominants.  Int = intercept, AW = adjusted Akaike weight. * 

Terms that were present in the global model but are not present in the top model set 

Int Status (Sub) start RTL 
Annual 

rainfall 

Status (Sub): 

start RTL 
df logLik AICc Δ  AICc AW 

0.0046 

(0.0037) 

-0.0059 

(0.0041) 

-0.0059 

(0.0031) 

-0.0098 

(0.0025) 

0.0105 (0.0041) 10 285.85 -549.7 0.00 0.476 

0.0043 

(0.0030) 

-0.0068 

(0.0042) 

 -0.0093 

(0.0021) 

 8 282.88 -548.5 1.22 0.259 

0.0014 

(0.0029) 

  -0.0100 

(0.0025) 

 7 281.72 -548.4 1.23 0.257 

0.003     6 275.61 -538.5 11.21 NA 

* Number of breeding attempts (BA), Sex, log Group size, Status : Rain, Status : Sex, Status : BA, Sex : BA, BA : log 

Group size, Status : Sex : BA  
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Table 1. Model selection table showing pre-season oxidative state predictors of rate of change in telomere length 

of adult white-browed sparrow weavers over a breeding season. Samples were from 65 birds from 24 social 

groups (12 dominant females, 13 dominant males, 16 subordinate females and 24 subordinate males). Competing 

models in the Δ6 AICc set after implementation of the model nesting rule are presented (Richards et al. 2011). 

Continuous variables were centred and scaled. Effect sizes are given followed by standard errors in parentheses. 

For dominance status, the estimate is given for subordinates (Sub) relative to dominants. For sex, the estimate is 

given for males relative to females. Int = intercept, AW = adjusted weight. *Terms that do not appear in the top 

model set but were present in the global model. 

Int 
Status 

(Sub) 
Sex (M) SOD 

residual 

TAC 

Status (Sub): 

residual TAC 

Sex (M): 

SOD 
df logLik AICc 

Δ 

AICc 
AW 

0.0020 

(0.0036)  

-0.0052 

(0.0035) 

-0.0052 

(0.0024)   

0.0096 

(0.0036) 

7 182.0 -348.0 0.00 0.40 

-0.0011 

(0.0042) 

0.0064 

(0.0036) 

-0.0066 

(0.0033)  

-0.0063 

(0.0032) 

0.0099 

(0.0039)  

8 182.7 -346.9 1.10 0.23 

-0.0048 

(0.0037) 

0.0065  

(0.0038)      

5 178.8 -346.6 1.38 0.20 

-0.0014  

(0.0031)       

4 177.5 -346.2 1.74 0.17 

* MDA, start RTL, MDA : Sex, MDA : Status, residual TAC : Sex, SOD : Status, start RTL : Status 

 

  



Table 2. The effect of pre-season SOD on the rate of change in relative telomere length of adult white-browed 

sparrow weavers. Competing models in the Δ6 AICc set after implementation of the model nesting rule are 

presented (Richards et al. 2011), for (a) males (n = 37 birds from 22 social groups), (b) males once a point of high 

influence was removed (see Figure 1), and (c) females (n = 28 birds from 18 social groups). SOD was scaled and 

centred. Effect sizes are given, followed by standard errors in parentheses. All terms present in the global model 

(only SOD and the intercept) are present in the table. 

Intercept SOD df logLik AICc Δ AICc AW 

(a) Males (n = 37 birds) 

0.0040 (0.0035)  4 103.54 -197.8 0.00 1.000 

(b) Males without point of high influence (n = 36 birds) 

-0.0047 (0.0023) 0.0058 (0.0022) 5 106.08 -200.2 0.00 0.825 

-0.0047 (0.0031)  4 103.18 -197.1 3.10 0.175 

(c) Females (n = 28 birds) 

0.0010 (0.0029) -0.0064 (0.0030) 5 76.77 -140.8 0.00 0.644 

0.0010 (0.0032)  4 74.68 -139.6 1.18 0.356 



 

Figure 1. The effect of the interaction between SOD and sex on rate of change in relative telomere length (RTL) of 

adult white-browed sparrow weavers over a breeding season. Solid lines show the model estimates for females 

and males, shaded areas show 95 % confidence intervals around the estimate. Points are raw data. Circled point 

had a substantially higher Cook’s distance than any other point (0.65) when data for males and females were 

separated. RTL is calculated as a ratio of the quantity of Telomeric DNA (T) to reference gene (S). As change in RTL 

was corrected for regression to the mean using Verhulst’s D, which renders 0 equal to the mean change in 

telomere length, we corrected the position of 0 before calculating the rate of change in RTL for analysis. As such, 

the dashed line in all panels shows the point of no change in telomere length over time; points below the line 

show decreases in telomere length estimates over time and points above the line show increases in telomere 

length estimates over time. 

 



Figure 2. The effect of the interaction between plasma residual total antioxidant capacity (TAC) and dominance 

status on the rate of change in relative telomere length (RTL) of adult white-browed sparrow weavers over a 

breeding season. Estimates are taken from  the second best supported model, which also included sex. The solid 

lines show the estimate for the focal dominance status (dominant or subordinate), for the average intercept 

estimate across males and females. Shaded area shows 95% confidence intervals around the estimate. Points are 

raw data. RTL is calculated as a ratio of the quantity of Telomeric DNA (T) to reference gene (S). As change in RTL 

was corrected for regression to the mean using Verhulst’s D, which renders 0 equal to the mean change in 

telomere length, we corrected the position of 0 before calculating the rate of change in RTL for analysis. As such, 

the dashed line in all panels shows the point of no change in telomere length over time; points below the line 

show decreases in telomere length estimates over time and points above the line show increases in telomere 

length estimates over time.



Table 3. Model selection table showing change in oxidative state predictors of the rate of change in relative 

telomere length of adult white-browed sparrow weavers over a breeding season.  Competing models in the Δ6 

AICc set after implementation of the model nesting rule are presented (Richards et al. 2011). Continuous variables 

were scaled and centred. Effect sizes are given followed by standard errors in parentheses. For sex, the estimate 

is given for males (M) relative to females. AW = adjusted weight after implementation of the model nesting rule. 

*Terms that do not appear in the top model set but were present in the global model. 

Intercept Sex (M) SOD 
Sex (M): 

SOD 
df logLik AICc Δ AICc AW 

0.0045 

(0.0042) 

-0.0037 

(0.0040) 

-0.0073 

(0.0025) 

0.0138 

(0.0042) 

7 118.936 -220.5 0.00 0.813 

0.0009 

(0.0038)    

4 113.324 -217.5 2.94 0.187 

* Δ SOD, Δ residual TAC, Δ MDA 
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Appendix A: Supplementary DNA and qPCR information 
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  2610      2620      2630      2640      2650      2660      2670      2680      2690      2700         

                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

GenomNC_011462  AACTTACTGGAATGGCTTTCCGTGTGCCAACCCCTAACGTGTCTGTTGTGGACCTGACCTGCCGTCTGGAAAAACCAGTAAGTGTTGTGGACAAGGTCCT  

Pmahali         -----------------------------------------------GTGGNCNTGACCTNCCGTNTGGAAAAACCAGTAAGTGTTGTGGRTGAGATCCT  

SparrAF416452   AACTTACTGGAATGGCTTTCCGTGTGCCAACCCCTAACGTGTCTGTTGTGGACCTGACCTGCCGTCTGGAAAAGCCA~~~~~~~~~~~~~~~~~~~~~~~  

FinchAF255390   AACTTACTGGAATGGCTTTCCGTGTGCCAACCCCTAACGTGTCTGTTGTGGACCTGACCTGCCGTCTGGAAAAACCA~~~~~~~~~~~~~~~~~~~~~~~  

RdoveAF036934   AACTTACTGGAATGGCTTTCCGTGTGCCAACCCCCAATGTCTCTGTTGTGGACCTGACCTGCCGTCTGGAAAAACCA~~~~~~~~~~~~~~~~~~~~~~~  

ChickNM_204305  AGCTTACTGGAATGGCTTTCCGTGTGCCAACCCCCAATGTCTCTGTTGTTGACCTGACCTGCCGTCTGGAGAAACCA~~~~~~~~~~~~~~~~~~~~~~~  

QuailEU035555   AGCTTACTGGAATGGCTTTCCGTGTGCCAACCCCCAATGTCTCTGTTGTTGACCTGACCTGCCGTCTGGAGAAACCA~~~~~~~~~~~~~~~~~~~~~~~  

 

                        2710      2720      2730      2740      2750      2760      2770      2780      2790      2800         

                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

GenomNC_011462  AACAACTTGCAGATGTGCCCCT---TCCTCTAAGCTCTGCAT--TGCACCTGGAATTGCC---CTCTCTGCATCCATCTTGTCC-TGAAGAT---ATCTT  

Pmahali         CACAACTCCCAGATGTGCCCCTGCTTCCTCTAAGCTCTGTAT--TGCACCTGGAATTGCC---CTCTCTGCCTCCATCTTGTCC-TGAAGATGTGATCTT  

SparrAF416452   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  

FinchAF255390   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  

RdoveAF036934   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  

ChickNM_204305  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  

QuailEU035555   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  

 

                        2810      2820      2830      2840      2850      2860      2870      2880      2890      2900         

                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

GenomNC_011462  TGTGAAAAGAGCACCTGCTGGGGTGTTCCCATGTGTGTCTTCTCCCTCCCATGTCCCCAGTGGACATTTTGTGTGAGTTTGGATCTGATCATCTTGGATC  

Pmahali         TGTGAAAAGAGCACCTGCTGGGGTGTTGCCATGTGT--CTCCCCCCTCCCCTGTACCCAGTGGACATTTTGTGTGAGTTGGGATCTCATCATCTTGGATC  

SparrAF416452   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  

FinchAF255390   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  

RdoveAF036934   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  

ChickNM_204305  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  

QuailEU035555   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  

 

 

                        2910      2920      2930      2940      2950      2960      2970      2980      2990      3000         

                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

GenomNC_011462  TGTCTCTCCTCAGGCCAAGTACGATGACATCAAGAGGGTAGTGAAGGCTGCTGCTGATGGGCCCCTGAAGGGCATCCTGGCATACACAGAGGACCAGGTG  

Pmahali         TGTCTTTCCTCAGGCCAAGTATGATGACATCAAGAGGGTAGTGAAGGCTGCTGCTGATGGGCCCCTGAAGGGCATCCTGGCATACACAGAGGACCAGGTA  

Pmahali         TGTCTTTCCTCAGGCCAAGTATGATGACATCAAGAGGGTAGTGAAGGCTGCTGCTGATGGGCCCCTGAAGGGCATCCTGGCATACACAGAGGACCAGGTA  

SparrAF416452   ~~~~~~~~~~~~~GCCAAGTACGATGACATCAAGAGGGTAGTGAAGGCTGCTGCTGATGGGCCCCTGAAGGGCATCCTGGCATACACAGAGGACCAGGT~  

FinchAF255390   ~~~~~~~~~~~~~GCCAAGTACGATGACATCAAGAGGGTAGTGAAGGCTGCTGCTGATGGGCCCCTGAAGGGCATCTTGGCGTACACAGAGGACCAGGT~  

RdoveAF036934   ~~~~~~~~~~~~~GCCAAGTATGATGACATTAAGAGGGTAGTGAAGGCTGCTGCTGATGGGCCCCTGAAGGGCATCCTGGCATACACAGAGGACCAGGT~  

ChickNM_204305  ~~~~~~~~~~~~~GCCAAGTATGATGATATCAAGAGGGTAGTGAAGGCTGCTGCTGATGGGCCCCTGAAGGGCATCCTAGGATACACAGAGGACCAGGT~  

QuailEU035555   ~~~~~~~~~~~~~GCCAAATATGATGACATCAAGAGGGTAGTGAAGGCTGCTGCTGAGGGGCCCTTGAAGGGCATCCTAGGATACACAGAGGACCAGGT~  

 

                        3010      3020      3030      3040      3050      3060      3070      3080      3090      3100         

                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

GenomNC_011462  AG-GAATGCCTGCTCTC--AGCCTGCAGTTATTGGCTCTTGGCCTCATTTTTGTAAAAGGCTGTTGTGTCAGCAGCTTTGCCAGAATCCTC-TTTGGGCA  

Pmahali         GG-GAACGCCTGCTCTCTCAGCCTGCGGTTATTGGCTCTTG-CCTCATTTTTCTAAAAGGCTGTTGT--CAGCAGCTTTGCCAGGATCCTGGTTTGGGCA  

SparrAF416452   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  

FinchAF255390   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  

RdoveAF036934   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  

ChickNM_204305  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  

QuailEU035555   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  

 

                        3110      3120      3130      3140      3150      3160      3170      3180      3190      3200         

                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

GenomNC_011462  CTTGGACTAGAGACTCTGGGCAACCATATGCATTATAATTTCTTGTGTTTCAGGTTGTCTCCTGTGACTTCAATGGTGATAGCCATTCCTCCACCTTTGA  

Pmahali         CTTGGAGTCGAGACTGTGGGCAGCCATATGCATTACAATTTCTTGTGTGTCAGGTTGTCTCCTGTGACTTCAATGGTGATAGCCATTCCYCCACCTTTGA  

SparrAF416452   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~TGTCTCCTGTGACTTCAATGGTGATAGCCATTCCTCCACCTTTGA  

FinchAF255390   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~TGTCTCCTGTGACTTCAATGGTGATAGCCATTCCTCCACCTTTGA  

RdoveAF036934   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~TGTCTCATGTGACTTCAACGGTGACAGCCATTCCTCCACCTTTGA  

ChickNM_204305  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~TGTCTCCTGTGACTTCAATGGTGACAGCCATTCCTCCACCTTTGA  

QuailEU035555   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~TGTCTCCTGTGACTTCAATGGTGACAGCCATTCTTCCACCTTTGA  

 

                        3210      3220      3230      3240      3250      3260      3270      3280      3290      3300         

                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

GenomNC_011462  TGCGGGTGCTGGCATTGCACTGAATGACCATTTTGTCAAGCTGGTTTCCTGGTAGGTGCAGCCCTGGGC-ATGTGGGGGTTGGCACAGACAGGTTTCAAA  

Pmahali         TGCGGGTGCCGGCATTGCRCTGAACGACCACTTTGTCAAGCTGGTTTCCTGGTNGGTGCAGCCCTGGGAGATGTGGGGGTTGGCACAGACAGGTTACAGA  

SparrAF416452   TGCGGGCGCTGGCATTGCGCTGAACGACCATTTTGTCAAGCTGGTTTCCTGGTATG-ATAAT------GAATATGGATACAG---CAACCGTGTTGTGGA  

FinchAF255390   TGCGGGTGCTGGCATTGCACTGAATGACCATTTTGTCAAGCTGGTTTCCTGGTACG-ACAAC------GAATA---------------------------  

RdoveAF036934   TGCGGGTGCTGGCATTGCACTGAATGACCACTTTGTCAAGCTGGTTTCCTGGTATG-ATAAT------GAGTATGGATACAG---CAACCGTGTTGTGGA  

ChickNM_204305  TGCGGGTGCTGGCATTGCACTGAATGACCATTTCGTCAAGCTTGTTTCCTGGTATG-ACAAT------GAGTTTGGATACAG---CAACCGTGTTGTGGA  

QuailEU035555   TGCGGGTGCTGGCATTGCACTGAATGACAACTTCGTCAAGCTTGTTTCCTGGTATG-ACAAC------GAGTTTGGATACAG---CAACCGTGTTGTGGA  

 

                        3310      3320      3330      3340      3350      3360      3370      3380      3390      3400         

                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

GenomNC_011462  CTTGGGCGTCCTTTTGGT-TACCACTGGTGATCCAGGTGGA--TGCACAAATCTCCAGTCACTCCGTGGACTGAGATTGTTTCTTATCTGGAATTACTGT  

Pmahali         CTTGGGNGTCCTTTTGNN-TNNCACTANNGATCNANGNGGN--TACNCNNACCNCNNNNCTCANNNTNNNNNGAGAGTGCTTCTTACNTGAANTTACTAT  

SparrAF416452   CTTG------------------------------------------------------------------------------------------------  

FinchAF255390   ----------------------------------------------------------------------------------------------------  

RdoveAF036934   CTTGATGGTCCACATGGCATCCAAGGAGTGAGCCTAGCACA------CAGCCCCCCCTGCTGCCTAGGGAAGCAGGACTCTCCTTTGTTGGAGCC-----  



ChickNM_204305  CTTGATGGTCCACATGGCATCCAAGGAGTGAGCCAGGCACA------CAGCCCCCC-TGCTGCCTAGGGAAGCAGGAC---CCTTTGTTGGAGCCCCTGC  

QuailEU035555   CTTGATGGTCCACATGGCATCCAAGGAGTGAGCCAGGCACAGGCACACAGCCCCCC-TGCTGCCTAGGGAAGCAGGAC---CCTTTGTTGGAGCCCCCGC  

 

                        3410      3420      3430      3440      3450      3460      3470      3480      3490      3500         

                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

GenomNC_011462  AACTGCCTCCTTCCCTCCAGAGGGTAGATGGGAATTCAGTTGTGTGGGATGGGGCAGTGGAGCAGGAGGAATGGAAGAAGGGGTGTGAGAAATGAGTCAG  

Pmahali         ANCTGCNNCNNTCNNCCTNNNNNN-ANATGGNNANTTNNNNNNNN-------------------------------------------------------  

SparrAF416452   ----------------------------------------------------------------------------------------------------  

FinchAF255390   ----------------------------------------------------------------------------------------------------  

RdoveAF036934   ----------------------------------------------------------------------------------------------------  

ChickNM_204305  TCTT--CACCACCGCTCAGTTCTGCAT-CCTGCAGTGAGAGGCCAGTTCTGTTCCCTTCTGTCTCCCCCACTCCTCCAATTTCTTCCTCCACCTGGGGGA  

QuailEU035555   TCTT--CACCACCACTCAGTTCTGCATGCCTGCTGTGAGAGGCCA-------------------------------------------------------  

 

 Figure 1. P. mahali genomic sequence alignment to genomic T. guttata (GenomNC_011462) and cds of house 

sparrow (P. domesticus), zebra finch (T. guttata), rock dove (Columba livia) chicken (G. gallus) and Japanese quail 

(Coturnix japonica).  Highlighted regions show primers that were tested (yellow: GAPDH_F and GAPDH_R (set 1) 

used in previous studies, green: GAPDH_4 and GAPDH_5 (set 2), blue: GAPDH_7 and GAPDH_8 (set 3).  

Figure 2. Gel electrophoresis of qPCR product of 1) DNA samples and 2) NTCs for a) GAPDH primer set 1, b) GAPDH 

primer set 3, and c) Telomere primers. 

 





Typical (a) standard curve of pooled DNA sample, and (b) dissociation curves for all samples, for (left) 

GAPDH and (right) Telomere. 

 



Appendix B: Chapter 2 unabridged top model sets 

 

Full Δ6 AICc top model set corresponding to Table 3a in Chapter 2, showing predictors of the probability of survival 

to the following season of Day 4 nestlings. Estimates are given for continuous variables. Presence of factors in the 

model is noted with +. Int  = intercept. 

Int Sex Age 

Age 

next 

ssn 

D5 

Body 

Mass 

Group 

size 

post-

lay rain 

pre lay 

rain 
RTL df logLik AICc delta weight 

-0.073 
  

-0.595 
    

-1.063 6 -48.56 110.24 0.00 0.105 

-0.060 
  

-0.684 
  

-0.304 
 

-1.111 7 -47.83 111.16 0.92 0.066 

-0.069 
  

-0.528 
 

-0.231 
  

-1.043 7 -48.16 111.83 1.59 0.048 

-0.075 
  

-0.806 
   

-0.300 -1.026 7 -48.26 112.04 1.80 0.043 

-0.211 + 
 

-0.571 
    

-1.067 7 -48.41 112.33 2.09 0.037 

-0.073 
  

-0.566 0.074 
   

-1.051 7 -48.52 112.55 2.31 0.033 

-0.071 
 

-0.047 -0.611 
    

-1.058 7 -48.55 112.60 2.36 0.032 

-0.063 
  

-0.944 
  

-0.330 -0.357 -1.072 8 -47.42 112.82 2.58 0.029 

-0.072 
 

0.354 -0.644 
  

-0.529 
 

-1.206 8 -47.43 112.83 2.59 0.029 

-0.059 
  

-0.623 
 

-0.212 -0.291 
 

-1.092 8 -47.50 112.98 2.74 0.027 

-0.242 + 
 

-0.657 
  

-0.327 
 

-1.119 8 -47.58 113.12 2.88 0.025 

-0.078 
       

-0.843 5 -51.20 113.19 2.95 0.024 

-0.083 
    

-0.367 
  

-0.851 6 -50.05 113.22 2.98 0.024 

-0.061 
  

-0.641 0.133 
 

-0.328 
 

-1.098 8 -47.71 113.39 3.15 0.022 

-0.081 
 

0.558 -1.017 
  

-0.689 -0.587 -1.160 9 -46.52 113.55 3.31 0.020 

-0.069 
  

-0.722 
 

-0.213 
 

-0.266 -1.011 8 -47.93 113.84 3.60 0.017 

-0.077 
   

0.313 -0.405 
  

-0.853 7 -49.24 114.00 3.76 0.016 

-0.068 
  

-0.463 0.137 -0.263 
  

-1.018 8 -48.03 114.03 3.79 0.016 

-0.172 + 
 

-0.515 
 

-0.213 
  

-1.047 8 -48.08 114.13 3.89 0.015 

-0.077 
      

0.304 -0.966 6 -50.55 114.22 3.98 0.014 

-0.208 + 
 

-0.778 
   

-0.295 -1.030 8 -48.13 114.23 3.99 0.014 

-0.070 
 

0.008 -0.524 
 

-0.233 
  

-1.044 8 -48.16 114.29 4.05 0.014 

-0.077 
   

0.273 
   

-0.856 6 -50.60 114.31 4.07 0.014 

-0.076 
  

-0.781 0.107 
  

-0.325 -1.005 8 -48.18 114.34 4.10 0.014 

-0.071 
 

0.428 -0.536 
 

-0.272 -0.547 
 

-1.182 9 -46.93 114.36 4.12 0.013 

-0.075 
 

0.003 -0.806 
   

-0.301 -1.026 8 -48.26 114.50 4.26 0.013 

-0.079 
    

-0.339 
 

0.255 -0.947 7 -49.59 114.70 4.46 0.011 

-0.215 + -0.064 -0.592 
    

-1.060 8 -48.38 114.73 4.50 0.011 

-0.205 + 
 

-0.549 0.058 
   

-1.058 8 -48.38 114.74 4.50 0.011 

-0.287 + 
      

-0.863 6 -50.83 114.78 4.54 0.011 

-0.094 
 

0.622 
  

-0.433 -0.554 
 

-1.011 8 -48.44 114.86 4.62 0.010 

-0.244 + 
 

-0.913 
  

-0.354 -0.355 -1.080 9 -47.19 114.87 4.63 0.010 

-0.059 
  

-0.867 
 

-0.185 -0.316 -0.323 -1.058 9 -47.19 114.87 4.64 0.010 



Int Sex Age 

Age 

next 

ssn 

D5 

Body 

Mass 

Group 

size 

post-

lay rain 

pre lay 

rain 
RTL df logLik AICc delta weight 

-0.064 
  

-0.906 0.173 
 

-0.357 -0.399 -1.038 9 -47.22 114.95 4.71 0.010 

-0.239 + 0.326 -0.611 
  

-0.526 
 

-1.195 9 -47.22 114.95 4.71 0.010 

-0.070 
 

-0.063 -0.582 0.085 
   

-1.042 8 -48.49 114.96 4.72 0.010 

-0.084 
 

0.202 
  

-0.390 
  

-0.892 7 -49.74 114.99 4.75 0.010 

-0.059 
  

-0.537 0.190 -0.256 -0.319 
 

-1.057 9 -47.27 115.04 4.80 0.010 

-0.077 
     

-0.154 
 

-0.848 6 -50.98 115.09 4.85 0.009 

-0.083 
 

0.151 
     

-0.880 6 -51.02 115.17 4.93 0.009 

-0.073 
 

0.343 -0.608 0.115 
 

-0.543 
 

-1.193 9 -47.34 115.19 4.95 0.009 

-0.206 + 
 

-0.608 
 

-0.181 -0.311 
 

-1.100 9 -47.35 115.20 4.96 0.009 

-0.085 
    

-0.366 -0.146 
 

-0.856 7 -49.87 115.24 5.00 0.009 

-0.226 + 
   

-0.339 
  

-0.864 7 -49.88 115.27 5.03 0.009 

-0.093 
 

0.554 
   

-0.530 
 

-1.004 7 -49.88 115.27 5.03 0.009 

-0.081 
 

0.631 -0.912 
 

-0.254 -0.711 -0.573 -1.146 10 -46.10 115.30 5.06 0.008 

-0.229 + 
 

-0.616 0.109 
 

-0.341 
 

-1.101 9 -47.49 115.49 5.25 0.008 

-0.081 
   

0.379 -0.414 -0.243 
 

-0.860 8 -48.78 115.53 5.29 0.007 

-0.077 
   

0.340 
 

-0.243 
 

-0.869 7 -50.13 115.78 5.54 0.007 

-0.080 
 

0.554 -0.987 0.160 
 

-0.713 -0.626 -1.131 10 -46.36 115.81 5.57 0.006 

-0.232 + 0.531 -0.982 
  

-0.689 -0.572 -1.160 10 -46.36 115.83 5.59 0.006 

-0.089 
 

0.552 
 

0.321 -0.464 -0.588 
 

-1.005 9 -47.72 115.94 5.70 0.006 

-0.269 + 
     

0.288 -0.975 7 -50.24 115.99 5.75 0.006 

-0.075 
     

-0.188 0.329 -0.985 7 -50.25 116.02 5.78 0.006 

-0.069 
  

-0.667 0.160 -0.246 
 

-0.294 -0.977 9 -47.76 116.02 5.78 0.006 

-0.077 
   

0.201 
  

0.234 -0.948 7 -50.27 116.04 5.80 0.006 

-0.076 
   

0.262 -0.383 
 

0.151 -0.910 8 -49.10 116.18 5.94 0.005 

-0.172 + 
 

-0.708 
 

-0.195 
 

-0.267 -1.015 9 -47.85 116.21 5.97 0.005 

-0.250 + 
  

0.244 
   

-0.868 7 -50.35 116.22 5.98 0.005 



Full Δ 6 AICc top model set corresponding to Table 3b in Chapter 2, showing predictors of the probability of survival 

to the following season of day 12 nestlings. Estimates are given for continuous variables. Presence of factors in 

the model is noted with +. Int  = intercept.

Int Sex Age 
Age 
next 
season 

D13 
Body 
mass 

Group 
size 

post-
lay 
rain 

pre lay 
rain 

RTL df logLik AICc delta weight 

0.60 
  

-2.16 0.70 
 

-0.60 -1.70 
 

8.00 -84.68 186.41 0.00 0.08 

1.08 + 
 

-2.47 0.85 
 

-0.67 -1.97 
 

9.00 -83.60 186.53 0.12 0.08 

0.93 + 
 

-1.93 0.93 
  

-1.72 
 

8.00 -84.98 187.00 0.60 0.06 

0.60 
  

-1.73 0.64 
  

-1.40 
 

7.00 -86.14 187.10 0.69 0.06 

0.43 
  

-2.05 0.72 0.50 
 

-1.60 
 

8.00 -85.06 187.16 0.76 0.06 

0.92 + 
 

-2.40 0.89 0.53 
 

-1.91 
 

9.00 -83.95 187.22 0.82 0.06 

0.42 
  

-2.29 0.69 0.43 -0.56 -1.77 
 

9.00 -84.05 187.42 1.01 0.05 

0.85 + 
 

-2.61 0.85 0.42 -0.62 -2.06 
 

10.00 -83.12 187.87 1.47 0.04 

0.59 
  

-2.16 0.68 
 

-0.61 -1.70 -0.17 9.00 -84.42 188.17 1.76 0.03 

1.06 + 
 

-2.45 0.83 
 

-0.68 -1.96 -0.20 10.00 -83.31 188.25 1.85 0.03 

0.61 
 

0.02 -2.17 0.70 
 

-0.60 -1.70 
 

9.00 -84.67 188.67 2.26 0.03 

0.92 + 
 

-1.94 0.90 
  

-1.71 -0.20 9.00 -84.72 188.77 2.36 0.03 

1.10 + 0.03 -2.49 0.86 
 

-0.67 -1.98 
 

10.00 -83.59 188.82 2.41 0.03 

0.57 
  

-1.72 0.64 
  

-1.39 -0.14 8.00 -85.97 189.00 2.59 0.02 

0.43 
  

-2.05 0.70 0.48 
 

-1.59 -0.14 9.00 -84.91 189.15 2.74 0.02 

0.91 + 
 

-2.37 0.87 0.50 
 

-1.88 -0.15 10.00 -83.81 189.24 2.83 0.02 

0.99 + 0.06 -2.04 0.99 
  

-1.80 
 

9.00 -84.97 189.27 2.86 0.02 

0.61 
 

0.04 -1.75 0.65 
  

-1.40 
 

8.00 -86.14 189.32 2.91 0.02 

0.42 
  

-2.28 0.68 0.41 -0.58 -1.76 -0.15 10.00 -83.85 189.33 2.92 0.02 

0.44 
 

0.07 -2.09 0.73 0.52 
 

-1.61 
 

9.00 -85.02 189.37 2.96 0.02 

0.95 + 0.09 -2.48 0.93 0.56 
 

-1.95 
 

10.00 -83.91 189.45 3.04 0.02 

0.42 
 

0.01 -2.29 0.69 0.44 -0.57 -1.77 
 

10.00 -84.05 189.72 3.32 0.02 

0.85 + 
 

-2.58 0.83 0.39 -0.64 -2.03 -0.18 11.00 -82.90 189.77 3.36 0.02 

0.78 
  

-2.14 
   

-1.42 
 

6.00 -88.63 189.86 3.45 0.01 

0.75 
  

-2.47 
  

-0.47 -1.65 
 

7.00 -87.69 190.19 3.79 0.01 

0.86 + 0.03 -2.64 0.86 0.43 -0.62 -2.07 
 

11.00 -83.12 190.21 3.80 0.01 

0.59 
 

0.01 -2.16 0.69 
 

-0.61 -1.70 -0.17 10.00 -84.42 190.47 4.06 0.01 

0.46 
  

-2.25 
 

0.51 
 

-1.53 
 

7.00 -87.85 190.52 4.11 0.01 

1.07 + 0.01 -2.45 0.83 
 

-0.69 -1.96 -0.20 11.00 -83.31 190.59 4.18 0.01 

0.48 
  

-2.56 
 

0.47 -0.46 -1.72 
 

8.00 -87.00 191.05 4.64 0.01 

0.92 + 0.03 -1.95 0.91 
  

-1.71 -0.19 10.00 -84.72 191.07 4.66 0.01 

1.10 + 
 

-2.34 
   

-1.56 
 

7.00 -88.16 191.14 4.73 0.01 

0.46 
   

0.78 
    

5.00 -90.36 191.15 4.75 0.01 

0.58 
 

0.02 -1.72 0.64 
  

-1.39 -0.14 9.00 -85.97 191.26 4.85 0.01 

0.43 
 

0.06 -2.08 0.72 0.49 
 

-1.60 -0.13 10.00 -84.89 191.41 5.01 0.01 

1.08 + 
 

-2.71 
  

-0.50 -1.81 
 

8.00 -87.19 191.43 5.02 0.01 

0.93 + 0.07 -2.44 0.90 0.52 
 

-1.92 -0.15 11.00 -83.78 191.52 5.12 0.01 



Int Sex Age 
Age 
next 
season 

D13 
Body 
mass 

Group 
size 

post-
lay 
rain 

pre lay 
rain 

RTL df logLik AICc delta weight 

0.42 
 

0.00 -2.28 0.68 0.41 -0.58 -1.76 -0.15 11.00 -83.85 191.67 5.26 0.01 

0.76 
  

-2.12 
   

-1.41 -0.15 7.00 -88.45 191.70 5.30 0.01 

0.73 
  

-2.46 
  

-0.49 -1.65 -0.18 8.00 -87.42 191.89 5.48 0.01 

0.55 
  

-0.43 0.66 
    

6.00 -89.68 191.96 5.55 0.01 

0.73 + 
 

-2.45 
 

0.53 
 

-1.68 
 

8.00 -87.50 192.04 5.63 0.01 

0.79 
 

0.02 -2.15 
   

-1.42 
 

7.00 -88.63 192.06 5.65 0.00 

0.86 + 0.01 -2.58 0.83 0.39 -0.64 -2.03 -0.18 12.00 -82.90 192.14 5.74 0.00 

0.77 + 
  

0.89 
    

6.00 -89.84 192.27 5.87 0.00 

 

  



Full Δ 6 AICc top model set corresponding to Table 4a in Chapter 2, showing predictors of the probability of survival 

to the fledging of all nestlings. Estimates are given for continuous variables. Presence of factors in the model is 

noted with +. Int  = intercept.

Int Sex Age D5 
Body 
mass 

Group 
size 

post 
lay rain 

pre lay 
rain 

RTL df logLik AICc delta weight 

0.35 
  

0.58 -0.42 
  

-0.82 7 -47.30 110.11 0.00 0.073 

0.36 
  

0.70 -0.44 -0.41 
 

-0.85 8 -46.09 110.15 0.04 0.072 

0.38 
  

0.69 
 

-0.43 
 

-0.89 7 -47.42 110.35 0.24 0.065 

0.37 
  

0.56 
   

-0.86 6 -48.66 110.44 0.33 0.062 

-0.02 + 
 

0.61 
 

-0.46 
 

-0.91 8 -46.39 110.75 0.64 0.053 

0.03 + 
 

0.50 
   

-0.89 7 -47.87 111.26 1.15 0.041 

0.06 + 
 

0.65 -0.36 -0.44 
 

-0.89 9 -45.45 111.40 1.30 0.038 

0.10 + 
 

0.54 -0.37 
  

-0.86 8 -46.82 111.61 1.50 0.034 

0.35 
  

0.66 -0.46 
 

-0.22 -0.75 8 -46.99 111.96 1.85 0.029 

0.35 
 

-0.18 0.63 -0.41 
  

-0.80 8 -47.08 112.13 2.02 0.027 

0.35 
  

0.77 -0.46 -0.40 -0.21 -0.78 9 -45.82 112.15 2.04 0.026 

0.37 
 

-0.23 0.62 
   

-0.82 7 -48.34 112.20 2.09 0.026 

-0.06 + 
     

-0.84 6 -49.62 112.35 2.24 0.024 

0.33 
      

-0.80 5 -50.81 112.41 2.30 0.023 

0.36 
 

0.17 0.68 -0.45 -0.52 
 

-0.89 9 -45.98 112.46 2.35 0.023 

0.38 
  

0.73 
 

-0.43 -0.13 -0.84 8 -47.33 112.62 2.52 0.021 

0.36 
  

0.60 
  

-0.13 -0.82 7 -48.57 112.65 2.54 0.021 

0.38 
 

0.13 0.67 
 

-0.51 
 

-0.91 8 -47.37 112.71 2.60 0.020 

0.32 
   

-0.34 
  

-0.79 6 -49.81 112.73 2.62 0.020 

0.00 + -0.26 0.56 
   

-0.84 8 -47.41 112.80 2.69 0.019 

-0.03 + 
 

0.66 
 

-0.46 -0.15 -0.86 9 -46.25 113.01 2.90 0.017 

-0.11 + 
   

-0.31 
 

-0.86 7 -48.82 113.15 3.04 0.016 

-0.02 + 0.08 0.60 
 

-0.51 
 

-0.93 9 -46.37 113.23 3.12 0.015 

0.00 + 
  

-0.29 
  

-0.83 7 -48.91 113.33 3.22 0.015 

0.05 + 
 

0.73 -0.39 -0.44 -0.22 -0.82 10 -45.18 113.45 3.35 0.014 

0.02 + 
 

0.55 
  

-0.14 -0.85 8 -47.76 113.49 3.38 0.013 

0.10 + 
 

0.63 -0.41 
 

-0.23 -0.79 9 -46.52 113.53 3.42 0.013 

0.08 + -0.21 0.60 -0.35 
  

-0.83 9 -46.52 113.55 3.44 0.013 

0.33 
    

-0.24 
 

-0.81 6 -50.32 113.76 3.65 0.012 

0.07 + 0.14 0.63 -0.37 -0.52 
 

-0.91 10 -45.38 113.86 3.75 0.011 

0.35 
 

0.37 0.77 -0.51 -0.63 -0.35 -0.79 10 -45.42 113.94 3.83 0.011 

0.32 
   

-0.34 -0.22 
 

-0.80 7 -49.38 114.28 4.17 0.009 

0.35 
 

-0.12 0.68 -0.44 
 

-0.18 -0.75 9 -46.92 114.33 4.22 0.009 

-0.06 + 
  

-0.27 -0.29 
 

-0.85 8 -48.24 114.45 4.34 0.008 

-0.07 + -0.10 
    

-0.83 7 -49.53 114.58 4.47 0.008 

0.36 
 

-0.21 0.63 
  

-0.06 -0.81 8 -48.33 114.62 4.52 0.008 

0.33 
     

0.08 -0.83 6 -50.76 114.64 4.53 0.008 



-0.05 + 
    

0.05 -0.86 7 -49.59 114.70 4.59 0.007 

0.33 
 

-0.04 
    

-0.80 6 -50.80 114.72 4.61 0.007 

0.38 
 

0.24 0.73 
 

-0.58 -0.21 -0.86 9 -47.17 114.85 4.74 0.007 

0.32 
   

-0.34 
 

0.03 -0.80 7 -49.80 115.11 5.00 0.006 

0.32 
 

0.00 
 

-0.34 
  

-0.79 7 -49.81 115.12 5.02 0.006 

-0.10 + 0.20 
  

-0.45 
 

-0.90 8 -48.64 115.25 5.14 0.006 

0.00 + -0.25 0.58 
  

-0.06 -0.82 9 -47.40 115.29 5.18 0.005 

-0.03 + 0.19 0.66 
 

-0.57 -0.21 -0.88 10 -46.15 115.40 5.29 0.005 

0.07 + 0.33 0.73 -0.44 -0.64 -0.34 -0.83 11 -44.87 115.50 5.39 0.005 

-0.10 + 
   

-0.32 0.08 -0.89 8 -48.77 115.52 5.41 0.005 

0.34 
 

0.27 
  

-0.42 
 

-0.87 7 -50.04 115.60 5.49 0.005 

-0.01 + -0.05 
 

-0.28 
  

-0.83 8 -48.89 115.75 5.64 0.004 

0.00 + 
  

-0.29 
 

0.01 -0.84 8 -48.91 115.79 5.68 0.004 

0.09 + -0.15 0.65 -0.38 
 

-0.17 -0.79 10 -46.38 115.87 5.76 0.004 

0.33 
 

0.32 
 

-0.37 -0.43 
 

-0.86 8 -48.97 115.92 5.81 0.004 

0.34 
    

-0.25 0.11 -0.85 7 -50.24 115.98 5.88 0.004 

Full Δ 6 AICc top model set corresponding to Table 4b in Chapter 2, showing predictors of the probability of survival 

to the fledging. ‘predated’ nestlings removed.  Estimates are given for continuous variables. Presence of factors 

in the model is noted with +. Int  = intercept.

Int Sex Age 
D5 
Body 
mass 

Group 
size 

post 
lay 
rain 

pre lay 
rain 

RTL df logLik AICc delta weight 

0.86 
  

0.57 
    

5 -39.86 90.69 0.00 0.122 

0.89 
  

0.58 
   

-0.33 6 -39.17 91.72 1.03 0.073 

0.64 + 
 

0.54 
    

6 -39.56 92.49 1.80 0.049 

0.86 
  

0.61 
 

-0.20 
  

6 -39.60 92.58 1.89 0.047 

0.81 
       

4 -42.03 92.70 2.01 0.044 

0.86 
 

-
0.07 

0.59 
    

6 -39.83 93.05 2.36 0.037 

0.86 
  

0.58 
  

-0.02 
 

6 -39.86 93.10 2.41 0.037 

0.86 
  

0.57 -0.01 
   

6 -39.86 93.10 2.41 0.036 

0.62 + 
 

0.54 
   

-0.38 7 -38.71 93.28 2.59 0.033 

0.90 
  

0.63 
 

-0.23 
 

-0.35 7 -38.83 93.54 2.85 0.029 

0.82 
      

-0.31 5 -41.35 93.67 2.98 0.027 

0.51 + 
      

5 -41.41 93.80 3.11 0.026 

0.89 
  

0.56 
  

0.08 -0.35 7 -39.14 94.15 3.46 0.022 

0.89 
  

0.59 -0.05 
  

-0.34 7 -39.15 94.18 3.49 0.021 

0.89 
 

-
0.03 

0.59 
   

-0.32 7 -39.17 94.20 3.51 0.021 

0.62 + 
 

0.58 
 

-0.22 
  

7 -39.24 94.36 3.67 0.019 

0.48 + 
     

-0.37 6 -40.52 94.41 3.72 0.019 

0.81 
     

0.16 
 

5 -41.85 94.67 3.98 0.017 



Int Sex Age 
D5 
Body 
mass 

Group 
size 

post 
lay 
rain 

pre lay 
rain 

RTL df logLik AICc delta weight 

0.62 + -
0.11 

0.57 
    

7 -39.49 94.84 4.15 0.015 

0.81 
 

0.10 
     

5 -41.96 94.89 4.20 0.015 

0.62 + 
 

0.53 0.06 
   

7 -39.54 94.94 4.25 0.015 

0.63 + 
 

0.56 
  

-0.06 
 

7 -39.54 94.94 4.25 0.015 

0.81 
    

-0.07 
  

5 -42.00 94.96 4.27 0.014 

0.87 
 

0.12 0.60 
 

-0.27 
  

7 -39.56 94.98 4.29 0.014 

0.60 + 
 

0.59 
 

-0.26 
 

-0.41 8 -38.29 95.01 4.32 0.014 

0.81 
   

0.04 
   

5 -42.03 95.02 4.33 0.014 

0.86 
  

0.62 
 

-0.20 -0.02 
 

7 -39.60 95.07 4.38 0.014 

0.86 
  

0.61 -0.02 -0.20 
  

7 -39.60 95.07 4.38 0.014 

0.84 
     

0.26 -0.38 6 -40.96 95.29 4.60 0.012 

0.86 
 

-
0.07 

0.59 -0.01 
   

7 -39.83 95.53 4.84 0.011 

0.86 
 

-
0.07 

0.59 
  

0.01 
 

7 -39.83 95.54 4.85 0.011 

0.86 
  

0.58 -0.02 
 

-0.02 
 

7 -39.86 95.58 4.89 0.011 

0.90 
 

0.23 0.60 
 

-0.37 
 

-0.39 8 -38.67 95.77 5.08 0.010 

0.60 + -
0.08 

0.56 
   

-0.37 8 -38.67 95.79 5.10 0.010 

0.83 
 

0.14 
    

-0.33 6 -41.23 95.83 5.14 0.009 

0.62 + 
 

0.53 
  

0.03 -0.38 8 -38.70 95.84 5.15 0.009 

0.61 + 
 

0.54 0.02 
  

-0.37 8 -38.70 95.85 5.16 0.009 

0.83 
    

-0.10 
 

-0.32 6 -41.28 95.94 5.25 0.009 

0.49 + 
   

-0.12 
  

6 -41.31 96.01 5.32 0.009 

0.48 + 
  

0.12 
   

6 -41.31 96.01 5.32 0.009 

0.90 
  

0.64 -0.07 -0.23 
 

-0.36 8 -38.80 96.05 5.36 0.008 

0.90 
  

0.61 
 

-0.23 0.08 -0.37 8 -38.80 96.05 5.36 0.008 

0.54 + 
    

0.11 
 

6 -41.34 96.06 5.37 0.008 

0.82 
   

0.00 
  

-0.31 6 -41.35 96.08 5.39 0.008 

0.52 + 0.04 
     

6 -41.40 96.19 5.50 0.008 

0.52 + 
    

0.20 -0.42 7 -40.30 96.46 5.77 0.007 

0.46 + 
   

-0.16 
 

-0.39 7 -40.35 96.57 5.88 0.006 

0.89 
 

-
0.06 

0.57 
  

0.10 -0.35 8 -39.12 96.69 6.00 0.006 



Full Δ 6 AICc top model set corresponding to Table 4c in Chapter 2, showing predictors of the probability of survival 

to the fledging. ‘expired’ nestlings removed.  Estimates are given for continuous variables. Presence of factors in 

the model is noted with +. Int  = intercept.

Int Sex Age 
D5 
Body 
mass 

Group 
size 

post 
rain 

pre 
rain 

RTL df logLik AICc delta Weight 

0.94 
    

-0.67 
 

-1.23 6 -40.21 93.67 0.00 0.071 

0.83 
   

-0.55 -0.57 
 

-1.10 7 -38.99 93.68 0.00 0.071 

8.24 
       

4 -42.59 93.75 0.08 0.068 

0.81 
   

-0.56 
  

-1.04 6 -40.50 94.25 0.58 0.053 

0.90 
      

-1.15 5 -41.92 94.72 1.05 0.042 

0.55 + 
   

-0.65 
 

-1.18 7 -39.87 95.43 1.76 0.029 

9.21 + 
      

5 -42.31 95.50 1.83 0.028 

0.83 
  

0.27 -0.59 -0.62 
 

-1.08 8 -38.66 95.53 1.86 0.028 

7.90 
    

-0.79 
  

5 -42.38 95.64 1.96 0.026 

0.96 
  

0.22 
 

-0.72 
 

-1.23 7 -40.02 95.74 2.06 0.025 

0.56 + 
  

-0.49 -0.56 
 

-1.07 8 -38.81 95.83 2.16 0.024 

0.81 
 

-0.29 
 

-0.54 
  

-1.01 7 -40.09 95.89 2.21 0.023 

8.33 
  

-0.34 
    

5 -42.51 95.90 2.23 0.023 

8.23 
     

-0.17 
 

5 -42.57 96.03 2.35 0.022 

0.94 
 

0.13 
  

-0.76 
 

-1.25 7 -40.17 96.04 2.37 0.022 

0.89 
 

-0.35 
    

-1.10 6 -41.40 96.05 2.37 0.022 

0.82 
 

0.15 
 

-0.55 -0.67 
 

-1.13 8 -38.93 96.08 2.41 0.021 

0.94 
    

-0.67 -0.02 -1.22 7 -40.21 96.11 2.44 0.021 

0.82 
   

-0.55 -0.56 -0.07 -1.07 8 -38.97 96.15 2.48 0.020 

0.81 
  

0.17 -0.59 
  

-1.02 7 -40.36 96.41 2.74 0.018 

0.65 + 
  

-0.53 
  

-1.03 7 -40.41 96.52 2.84 0.017 

0.80 
   

-0.57 
 

-0.12 -1.00 7 -40.44 96.58 2.90 0.017 

0.62 + 
     

-1.13 6 -41.70 96.66 2.99 0.016 

8.38 
 

1.43 
  

-1.95 
  

6 -41.73 96.71 3.04 0.015 

0.90 
  

0.10 
   

-1.15 6 -41.88 97.01 3.33 0.013 

0.89 
     

-0.06 -1.13 6 -41.91 97.07 3.39 0.013 

5.55 
   

-1.62 -3.19 
  

6 -42.03 97.31 3.63 0.011 

0.58 + 
 

0.18 
 

-0.68 
 

-1.18 8 -39.73 97.67 4.00 0.010 

9.16 + 
 

-0.18 
    

6 -42.29 97.83 4.16 0.009 

0.56 + -0.37 
    

-1.07 7 -41.09 97.88 4.21 0.009 

0.81 
 

-0.34 0.23 -0.57 
  

-0.98 8 -39.83 97.88 4.21 0.009 

0.61 + 
 

0.23 -0.53 -0.60 
 

-1.05 9 -38.54 97.89 4.22 0.009 

0.56 + 0.09 
  

-0.71 
 

-1.20 8 -39.85 97.91 4.24 0.008 

0.81 
  

0.30 -0.59 -0.60 -0.16 -1.01 9 -38.56 97.93 4.26 0.008 

0.54 + 
   

-0.64 -0.04 -1.17 8 -39.86 97.93 4.26 0.008 

7.91 
    

-0.76 -0.14 
 

6 -42.37 97.99 4.32 0.008 

7.99 
  

-0.24 
 

-0.63 
  

6 -42.37 97.99 4.32 0.008 



Int Sex Age 
D5 
Body 
mass 

Group 
size 

post 
rain 

pre 
rain 

RTL df logLik AICc delta Weight 

0.83 
 

0.10 0.26 -0.59 -0.68 
 

-1.10 9 -38.63 98.08 4.41 0.008 

0.60 + -0.31 
 

-0.50 
  

-0.99 8 -39.95 98.12 4.45 0.008 

0.95 
  

0.24 
 

-0.71 -0.09 -1.19 8 -40.00 98.21 4.53 0.007 

0.89 
 

-0.39 0.18 
   

-1.09 7 -41.26 98.21 4.54 0.007 

0.96 
 

0.09 0.21 
 

-0.78 
 

-1.24 8 -40.00 98.22 4.55 0.007 

0.57 + 0.12 
 

-0.49 -0.64 
 

-1.09 9 -38.77 98.35 4.68 0.007 

0.54 + 
  

-0.49 -0.55 -0.09 -1.03 9 -38.77 98.36 4.69 0.007 

5.73 + 
   

-4.78 
  

6 -42.57 98.39 4.71 0.007 

0.81 
 

-0.30 
 

-0.54 
 

0.02 -1.01 8 -40.09 98.40 4.73 0.007 

0.90 
 

-0.40 
   

0.11 -1.13 7 -41.36 98.41 4.74 0.007 

7.95 
 

1.47 
 

-1.24 -2.41 
  

7 -41.37 98.43 4.76 0.007 

0.79 
 

0.26 
 

-0.56 -0.71 -0.18 -1.07 9 -38.84 98.49 4.82 0.006 

0.93 
 

0.19 
  

-0.79 -0.10 -1.23 8 -40.15 98.52 4.85 0.006 

9.31 
 

2.02 -0.83 
 

-2.06 
  

7 -41.46 98.62 4.95 0.006 

0.80 
  

0.22 -0.60 
 

-0.18 -0.95 8 -40.22 98.66 4.99 0.006 

7.66 
 

3.01 
 

-4.75 -5.03 -3.91 
 

8 -40.26 98.73 5.06 0.006 

0.67 + 
 

0.15 -0.56 
  

-1.01 8 -40.29 98.80 5.13 0.005 

0.63 + 
  

-0.54 
 

-0.13 -0.99 8 -40.34 98.90 5.23 0.005 

8.40 
 

1.53 
  

-1.90 -0.60 
 

7 -41.61 98.92 5.24 0.005 

6.75 + 1.92 
  

-6.89 
  

7 -41.64 98.99 5.31 0.005 

12.04 + 5.38 
 

-7.53 -7.33 -5.59 
 

9 -39.09 98.99 5.32 0.005 

0.63 + 
 

0.08 
   

-1.13 7 -41.68 99.05 5.38 0.005 

0.62 + 
    

-0.07 -1.11 7 -41.68 99.07 5.39 0.005 

6.25 + 
  

-1.88 -3.70 
  

7 -41.77 99.24 5.56 0.004 

0.90 
  

0.12 
  

-0.09 -1.12 7 -41.85 99.39 5.72 0.004 

7.16 
   

-3.99 -2.86 -1.62 
 

7 -41.91 99.52 5.85 0.004 



Full Δ 6 AICc top model set corresponding to Table 5a in Chapter 2, showing predictors of the probability of survival 

of day 12 nestlings to the following season. All data included Estimates are given for continuous variables. 

Presence of factors in the model is noted with +. Int  = intercept.

Int Sex Age 
Delta 
TL rate 

Delta 
TL 
rate2 

Group 
size 

post 
lay 
rain 

RTL 
D4 

Mass 
D12 

df logLik AICc delta weight 

1.15 
  

1.05 -1.17 
   

1.02 6 -18.32 51.35 0.00 0.102 

1.80 + 
 

0.78 -1.21 
   

1.27 7 -17.32 52.38 1.03 0.061 

1.37 
  

0.75 -1.35 
    

5 -20.26 52.39 1.04 0.061 

1.09 + 
      

1.28 5 -20.35 52.58 1.24 0.055 

1.42 
 

-0.65 1.06 -1.49 
    

6 -19.31 53.33 1.98 0.038 

0.45 
       

0.99 4 -22.10 53.42 2.07 0.036 

0.35 
  

0.73 
    

1.27 5 -20.88 53.63 2.28 0.033 

1.25 + 
     

-0.61 1.45 6 -19.49 53.68 2.33 0.032 

0.99 + 
 

0.65 
    

1.45 6 -19.51 53.74 2.39 0.031 

1.17 
 

-0.37 1.15 -1.24 
   

0.91 7 -18.02 53.78 2.44 0.030 

1.83 + 
 

0.60 -1.42 
    

6 -19.64 53.99 2.64 0.027 

1.12 
  

1.12 -1.16 
 

-0.23 
 

1.17 7 -18.21 54.15 2.80 0.025 

1.14 
  

1.05 -1.15 -0.06 
  

1.02 7 -18.31 54.35 3.00 0.023 

1.15 
  

1.04 -1.17 
  

-0.01 1.02 7 -18.32 54.37 3.02 0.023 

1.27 + 
    

-0.46 
 

1.54 6 -19.89 54.49 3.14 0.021 

0.44 
      

-0.49 1.00 5 -21.42 54.72 3.38 0.019 

1.97 + -0.77 1.01 -1.63 
    

7 -18.51 54.75 3.41 0.019 

1.37 
  

0.75 -1.36 
 

0.21 
  

6 -20.12 54.94 3.60 0.017 

1.81 + -0.41 0.94 -1.31 
   

1.14 8 -17.00 54.97 3.62 0.017 

1.35 
  

0.56 -1.32 
  

-0.24 
 

6 -20.14 54.99 3.64 0.017 

1.13 + 
   

-0.21 
  

1.25 6 -20.21 55.12 3.78 0.015 

1.79 + 
 

0.85 -1.17 
 

-0.31 
 

1.43 8 -17.11 55.19 3.84 0.015 

1.50 + 
    

-0.68 -0.77 1.86 7 -18.73 55.20 3.85 0.015 

1.37 
  

0.75 -1.35 0.01 
   

6 -20.26 55.22 3.87 0.015 

1.08 + -0.13 
     

1.25 6 -20.30 55.32 3.97 0.014 

1.85 + 
 

0.56 -1.19 
  

-0.22 1.25 8 -17.25 55.46 4.12 0.013 

1.82 + 
 

0.80 -1.18 -0.16 
  

1.25 8 -17.26 55.48 4.14 0.013 

1.46 
 

-0.87 1.15 -1.62 0.37 
   

7 -18.98 55.70 4.36 0.012 

1.40 
 

-0.73 0.77 -1.42 
  

-0.39 
 

7 -19.02 55.78 4.43 0.011 

0.47 
     

-0.23 
 

1.09 5 -21.95 55.78 4.43 0.011 

1.09 + 
 

0.68 
  

-0.45 
 

1.72 7 -19.06 55.86 4.52 0.011 

1.40 
 

-0.66 1.06 -1.50 
 

0.28 
  

7 -19.09 55.91 4.56 0.010 

0.46 
    

-0.12 
  

1.00 5 -22.05 55.98 4.63 0.010 

0.44 
 

-0.11 
     

0.98 5 -22.07 56.01 4.66 0.010 

0.34 
  

0.78 
  

-0.30 
 

1.44 6 -20.66 56.02 4.68 0.010 

1.24 + -0.38 
    

-0.74 1.38 7 -19.20 56.13 4.78 0.009 

0.36 
  

0.74 
 

-0.17 
  

1.28 6 -20.78 56.27 4.92 0.009 



Int Sex Age 
Delta 
TL rate 

Delta 
TL 
rate2 

Group 
size 

post 
lay 
rain 

RTL 
D4 

Mass 
D12 

df logLik AICc delta weight 

0.33 
 

-0.18 0.75 
    

1.26 6 -20.78 56.27 4.92 0.009 

0.36 
  

0.64 
   

-0.17 1.24 6 -20.82 56.35 5.01 0.008 

1.11 + 
 

0.40 
   

-0.36 1.47 7 -19.33 56.39 5.04 0.008 

1.29 + 
   

-0.25 
 

-0.63 1.42 7 -19.33 56.40 5.06 0.008 

1.02 + 
 

0.65 
 

-0.23 
  

1.44 7 -19.34 56.42 5.07 0.008 

1.88 + 
 

0.25 -1.37 
  

-0.39 
 

7 -19.37 56.46 5.12 0.008 

0.96 + -0.20 0.68 
    

1.43 7 -19.39 56.52 5.17 0.008 

1.19 
 

-0.52 1.19 -1.34 0.22 
  

0.87 8 -17.94 56.84 5.50 0.007 

1.81 + 
 

0.62 -1.43 
 

0.13 
  

7 -19.59 56.91 5.57 0.006 

1.17 
 

-0.41 1.03 -1.22 
  

-0.14 0.86 8 -17.99 56.95 5.60 0.006 

1.85 + 
 

0.60 -1.40 -0.10 
   

7 -19.61 56.95 5.61 0.006 

1.16 
 

-0.33 1.17 -1.23 
 

-0.10 
 

0.98 8 -18.01 56.98 5.63 0.006 

2.11 + -0.91 0.56 -1.61 
  

-0.60 
 

8 -18.01 56.98 5.64 0.006 

0.46 
     

-0.34 -0.55 1.17 6 -21.16 57.04 5.69 0.006 

0.42 
 

-0.28 
    

-0.56 0.93 6 -21.22 57.15 5.81 0.006 

1.32 + 
   

-0.21 -0.46 
 

1.52 7 -19.77 57.28 5.94 0.005 

 

  



Full Δ 6 AICc top model set corresponding to Table 5b in Chapter 2, showing predictors of the probability of survival 

of day 12 nestlings to the following season. One outlier removed. Estimates are given for continuous variables. 

Presence of factors in the model is noted with +. Int  = intercept.

Int Sex 
Age next 
season 

Delta 
RTL rate 

Delta RTL 
rate2 

Group 
size 

post 
rain 

D4 
RTL 

D12 Body 
Mass 

df logLik AICc delta weight 

1.15 
  

1.05 -1.17 
   

1.02 6 -
18.32 

51.35 0.00 0.102 

1.80 + 
 

0.78 -1.21 
   

1.27 7 -
17.32 

52.38 1.03 0.061 

1.37 
  

0.75 -1.35 
    

5 -
20.26 

52.39 1.04 0.061 

1.09 + 
      

1.28 5 -
20.35 

52.58 1.24 0.055 

1.42 
 

-0.65 1.06 -1.49 
    

6 -
19.31 

53.33 1.98 0.038 

0.45 
       

0.99 4 -
22.10 

53.42 2.07 0.036 

0.35 
  

0.73 
    

1.27 5 -
20.88 

53.63 2.28 0.033 

1.25 + 
     

-0.61 1.45 6 -
19.49 

53.68 2.33 0.032 

0.99 + 
 

0.65 
    

1.45 6 -
19.51 

53.74 2.39 0.031 

1.17 
 

-0.37 1.15 -1.24 
   

0.91 7 -
18.02 

53.78 2.44 0.030 

1.83 + 
 

0.60 -1.42 
    

6 -
19.64 

53.99 2.64 0.027 

1.12 
  

1.12 -1.16 
 

-0.23 
 

1.17 7 -
18.21 

54.15 2.80 0.025 

1.14 
  

1.05 -1.15 -0.06 
  

1.02 7 -
18.31 

54.35 3.00 0.023 

1.15 
  

1.04 -1.17 
  

-0.01 1.02 7 -
18.32 

54.37 3.02 0.023 

1.27 + 
    

-0.46 
 

1.54 6 -
19.89 

54.49 3.14 0.021 

0.44 
      

-0.49 1.00 5 -
21.42 

54.72 3.38 0.019 

1.97 + -0.77 1.01 -1.63 
    

7 -
18.51 

54.75 3.41 0.019 

1.37 
  

0.75 -1.36 
 

0.21 
  

6 -
20.12 

54.94 3.60 0.017 

1.81 + -0.41 0.94 -1.31 
   

1.14 8 -
17.00 

54.97 3.62 0.017 

1.35 
  

0.56 -1.32 
  

-0.24 
 

6 -
20.14 

54.99 3.64 0.017 

1.13 + 
   

-0.21 
  

1.25 6 -
20.21 

55.12 3.78 0.015 

1.79 + 
 

0.85 -1.17 
 

-0.31 
 

1.43 8 -
17.11 

55.19 3.84 0.015 

1.50 + 
    

-0.68 -0.77 1.86 7 -
18.73 

55.20 3.85 0.015 

1.37 
  

0.75 -1.35 0.01 
   

6 -
20.26 

55.22 3.87 0.015 

1.08 + -0.13 
     

1.25 6 -
20.30 

55.32 3.97 0.014 

1.85 + 
 

0.56 -1.19 
  

-0.22 1.25 8 -
17.25 

55.46 4.12 0.013 

1.82 + 
 

0.80 -1.18 -0.16 
  

1.25 8 -
17.26 

55.48 4.14 0.013 

1.46 
 

-0.87 1.15 -1.62 0.37 
   

7 -
18.98 

55.70 4.36 0.012 

1.40 
 

-0.73 0.77 -1.42 
  

-0.39 
 

7 -
19.02 

55.78 4.43 0.011 

0.47 
     

-0.23 
 

1.09 5 -
21.95 

55.78 4.43 0.011 

1.09 + 
 

0.68 
  

-0.45 
 

1.72 7 -
19.06 

55.86 4.52 0.011 

1.40 
 

-0.66 1.06 -1.50 
 

0.28 
  

7 -
19.09 

55.91 4.56 0.010 



Int Sex 
Age next 
season 

Delta 
RTL rate 

Delta RTL 
rate2 

Group 
size 

post 
rain 

D4 
RTL 

D12 Body 
Mass 

df logLik AICc delta weight 

0.46 
    

-0.12 
  

1.00 5 -
22.05 

55.98 4.63 0.010 

0.44 
 

-0.11 
     

0.98 5 -
22.07 

56.01 4.66 0.010 

0.34 
  

0.78 
  

-0.30 
 

1.44 6 -
20.66 

56.02 4.68 0.010 

1.24 + -0.38 
    

-0.74 1.38 7 -
19.20 

56.13 4.78 0.009 

0.36 
  

0.74 
 

-0.17 
  

1.28 6 -
20.78 

56.27 4.92 0.009 

0.33 
 

-0.18 0.75 
    

1.26 6 -
20.78 

56.27 4.92 0.009 

0.36 
  

0.64 
   

-0.17 1.24 6 -
20.82 

56.35 5.01 0.008 

1.11 + 
 

0.40 
   

-0.36 1.47 7 -
19.33 

56.39 5.04 0.008 

1.29 + 
   

-0.25 
 

-0.63 1.42 7 -
19.33 

56.40 5.06 0.008 

1.02 + 
 

0.65 
 

-0.23 
  

1.44 7 -
19.34 

56.42 5.07 0.008 

1.88 + 
 

0.25 -1.37 
  

-0.39 
 

7 -
19.37 

56.46 5.12 0.008 

0.96 + -0.20 0.68 
    

1.43 7 -
19.39 

56.52 5.17 0.008 

1.19 
 

-0.52 1.19 -1.34 0.22 
  

0.87 8 -
17.94 

56.84 5.50 0.007 

1.81 + 
 

0.62 -1.43 
 

0.13 
  

7 -
19.59 

56.91 5.57 0.006 

1.17 
 

-0.41 1.03 -1.22 
  

-0.14 0.86 8 -
17.99 

56.95 5.60 0.006 

1.85 + 
 

0.60 -1.40 -0.10 
   

7 -
19.61 

56.95 5.61 0.006 

1.16 
 

-0.33 1.17 -1.23 
 

-0.10 
 

0.98 8 -
18.01 

56.98 5.63 0.006 

2.11 + -0.91 0.56 -1.61 
  

-0.60 
 

8 -
18.01 

56.98 5.64 0.006 

0.46 
     

-0.34 -0.55 1.17 6 -
21.16 

57.04 5.69 0.006 

0.42 
 

-0.28 
    

-0.56 0.93 6 -
21.22 

57.15 5.81 0.006 

1.32 + 
   

-0.21 -0.46 
 

1.52 7 -
19.77 

57.28 5.94 0.005 



 

Appendix C: Chapter 3 unabridged top model sets 

Full Δ 6 AICc top model set corresponding to Table 1a in Chapter 3. Response is day 4 nestling RTL with the influential point 

retained. Estimates are given for scaled and centred continuous variables. Presence of factors in the model is noted with +. Int  

= intercept. 

Int Sex 
Bird 
age 

D4 
Body 
mass 

mean 
egg 
mass 

log 
Group 
size 

Clutch 
size 

pre-
egg 
rain 

Clutch 
size: 
rain 

df logLik AICc 
Δ 
AICc 

weight 

0.007 
      

0.040 
 

7 20.76 -26.09 0.00 0.053 

0.008 
        

6 19.39 -25.74 0.35 0.044 

0.008 
 

-0.035 
    

0.055 
 

8 21.75 -25.66 0.43 0.043 

-0.026 + 
       

7 20.48 -25.54 0.55 0.040 

-0.022 + 
     

0.037 
 

8 21.61 -25.37 0.72 0.037 

-0.022 + -0.036 
    

0.052 
 

9 22.73 -25.12 0.98 0.033 

0.007 
   

-0.023 
  

0.039 
 

8 21.23 -24.62 1.48 0.025 

0.008 
  

-0.020 
   

0.046 
 

8 21.19 -24.54 1.56 0.024 

0.009 
   

-0.026 
    

7 19.98 -24.53 1.56 0.024 

-0.027 + 
  

-0.029 
    

8 21.17 -24.50 1.59 0.024 

-0.027 + 
    

0.025 
  

8 20.98 -24.11 1.98 0.020 

-0.024 + 
  

-0.025 
  

0.035 
 

9 22.18 -24.03 2.07 0.019 

0.010 
     

0.018 
  

7 19.67 -23.93 2.16 0.018 

0.008 
 

-0.033 
 

-0.021 
  

0.053 
 

9 22.12 -23.91 2.19 0.018 

0.008 
     

0.010 0.038 
 

8 20.84 -23.83 2.27 0.017 

0.009 
 

-0.016 
      

7 19.62 -23.82 2.27 0.017 

-0.021 + 
 

-0.020 
   

0.043 
 

9 22.08 -23.82 2.28 0.017 

-0.027 + -0.020 
      

8 20.82 -23.80 2.29 0.017 

0.007 
    

0.006 
 

0.042 
 

8 20.79 -23.74 2.35 0.016 

0.009 
  

-0.010 
     

7 19.51 -23.59 2.50 0.015 

0.008 
 

-0.039 
  

0.016 
 

0.060 
 

9 21.96 -23.59 2.50 0.015 

0.009 
 

-0.032 -0.013 
   

0.057 
 

9 21.95 -23.56 2.53 0.015 

-0.027 + -0.042 
  

0.025 
 

0.058 
 

10 23.22 -23.54 2.56 0.015 

-0.024 + -0.034 
 

-0.023 
  

0.049 
 

10 23.17 -23.45 2.64 0.014 

-0.026 + 
 

-0.011 
     

8 20.62 -23.39 2.71 0.014 

0.008 
    

0.000 
   

7 19.39 -23.37 2.72 0.014 

-0.024 + 
    

0.016 0.033 
 

9 21.83 -23.33 2.77 0.013 

-0.027 + 
   

0.008 
   

8 20.54 -23.23 2.87 0.013 

0.008 
 

-0.034 
   

0.006 0.054 
 

9 21.78 -23.22 2.87 0.013 

-0.025 + 
   

0.014 
 

0.039 
 

9 21.77 -23.20 2.89 0.012 



Int Sex 
Bird 
age 

D4 
Body 
mass 

mean 
egg 
mass 

log 
Group 
size 

Clutch 
size 

pre-
egg 
rain 

Clutch 
size: 
rain 

df logLik AICc 
Δ 
AICc 

weight 

-0.022 + -0.033 -0.014 
   

0.054 
 

10 22.94 -22.98 3.11 0.011 

-0.023 + -0.035 
   

0.012 0.048 
 

10 22.84 -22.79 3.31 0.010 

0.008 
  

-0.016 -0.019 
  

0.044 
 

9 21.51 -22.67 3.42 0.010 

-0.028 + -0.018 
 

-0.028 
    

9 21.47 -22.60 3.49 0.009 

-0.028 + 
  

-0.024 
 

0.019 
  

9 21.45 -22.56 3.53 0.009 

0.009 
 

-0.015 
 

-0.026 
    

8 20.16 -22.47 3.62 0.009 

0.010 
   

-0.023 
 

0.013 
  

8 20.10 -22.35 3.74 0.008 

0.000 
     

-0.010 0.037 0.026 9 21.31 -22.28 3.82 0.008 

-0.027 + -0.019 
   

0.024 
  

9 21.29 -22.24 3.85 0.008 

0.007 
   

-0.024 0.008 
 

0.040 
 

9 21.29 -22.24 3.85 0.008 

-0.029 + 
  

-0.030 0.011 
   

9 21.27 -22.20 3.89 0.008 

0.009 
  

-0.006 -0.025 
    

8 20.02 -22.19 3.90 0.008 

0.009 
  

-0.019 
  

0.008 0.044 
 

9 21.25 -22.16 3.93 0.007 

0.008 
  

-0.020 
 

0.008 
 

0.047 
 

9 21.25 -22.16 3.94 0.007 

0.007 
   

-0.022 
 

0.005 0.038 
 

9 21.25 -22.16 3.94 0.007 

-0.027 + 
 

-0.007 -0.027 
    

9 21.23 -22.13 3.97 0.007 

0.009 
   

-0.026 0.002 
   

8 19.98 -22.11 3.98 0.007 

-0.023 + 
 

-0.016 -0.021 
  

0.040 
 

10 22.47 -22.05 4.05 0.007 

-0.027 + 
 

-0.011 
  

0.025 
  

9 21.13 -21.92 4.17 0.007 

-0.028 + -0.040 
 

-0.024 0.026 
 

0.055 
 

11 23.71 -21.91 4.19 0.007 

0.011 
 

-0.015 
   

0.018 
  

8 19.87 -21.90 4.19 0.007 

-0.027 + 
  

-0.027 0.016 
 

0.037 
 

10 22.40 -21.90 4.19 0.007 

0.008 
 

-0.037 
 

-0.021 0.017 
 

0.057 
 

10 22.36 -21.82 4.27 0.006 

-0.028 + 
   

0.008 0.025 
  

9 21.04 -21.74 4.35 0.006 

0.010 
  

-0.010 
  

0.019 
  

8 19.79 -21.74 4.36 0.006 

0.000 
 

-0.035 
   

-0.016 0.053 0.028 10 22.28 -21.67 4.42 0.006 

-0.025 + 
  

-0.023 
 

0.011 0.032 
 

10 22.28 -21.66 4.43 0.006 

-0.025 + 
 

-0.021 
 

0.015 
 

0.046 
 

10 22.27 -21.65 4.44 0.006 

-0.023 + 
 

-0.020 
  

0.015 0.039 
 

10 22.26 -21.63 4.46 0.006 

0.008 
 

-0.031 -0.010 -0.018 
  

0.055 
 

10 22.24 -21.58 4.52 0.006 

-0.029 + -0.022 
  

0.012 
   

9 20.94 -21.55 4.55 0.005 

0.010 
    

0.000 0.018 
  

8 19.67 -21.50 4.59 0.005 

-0.029 + 
    

-0.001 0.033 0.023 10 22.20 -21.50 4.59 0.005 

0.009 
 

-0.014 -0.006 
     

8 19.66 -21.48 4.62 0.005 

0.009 
 

-0.036 -0.014 
 

0.016 
 

0.062 
 

10 22.17 -21.44 4.65 0.005 

0.009 
 

-0.017 
  

0.002 
   

8 19.62 -21.40 4.69 0.005 

-0.026 + -0.018 -0.006 
     

9 20.87 -21.40 4.69 0.005 

0.008 
    

0.006 0.010 0.039 
 

9 20.87 -21.40 4.69 0.005 

-0.027 + -0.039 -0.014 
 

0.025 
 

0.061 
 

11 23.44 -21.36 4.74 0.005 

0.008 
 

-0.033 
 

-0.020 
 

0.001 0.053 
 

10 22.12 -21.35 4.74 0.005 

0.009 
  

-0.010 
 

0.000 
   

8 19.51 -21.17 4.93 0.005 



Int Sex 
Bird 
age 

D4 
Body 
mass 

mean 
egg 
mass 

log 
Group 
size 

Clutch 
size 

pre-
egg 
rain 

Clutch 
size: 
rain 

df logLik AICc 
Δ 
AICc 

weight 

-0.028 + -0.041 
  

0.024 0.011 0.055 
 

11 23.31 -21.09 5.00 0.004 

-0.026 + 
   

0.013 0.016 0.035 
 

10 21.98 -21.07 5.02 0.004 

-0.023 + -0.032 -0.010 -0.020 
  

0.051 
 

11 23.29 -21.07 5.03 0.004 

0.008 
 

-0.038 
  

0.016 0.004 0.058 
 

10 21.98 -21.06 5.03 0.004 

0.009 
 

-0.031 -0.013 
  

0.005 0.056 
 

10 21.97 -21.05 5.05 0.004 

-0.027 + 
 

-0.011 
 

0.009 
   

9 20.68 -21.02 5.07 0.004 

-0.029 + -0.036 
   

-0.007 0.048 0.025 11 23.25 -20.98 5.12 0.004 

-0.024 + -0.033 
 

-0.021 
 

0.007 0.047 
 

11 23.21 -20.91 5.19 0.004 

-0.023 + -0.031 -0.013 
  

0.011 0.051 
 

11 23.04 -20.57 5.53 0.003 

-0.028 + -0.018 
 

-0.024 
 

0.019 
  

10 21.73 -20.57 5.53 0.003 

0.000 
   

-0.021 
 

-0.014 0.037 0.025 10 21.69 -20.49 5.61 0.003 

-0.031 + -0.020 
 

-0.029 0.014 
   

10 21.63 -20.36 5.73 0.003 

0.002 
  

-0.016 
  

-0.009 0.042 0.023 10 21.60 -20.30 5.79 0.003 

0.008 
  

-0.016 -0.020 0.009 
 

0.045 
 

10 21.58 -20.27 5.82 0.003 

0.010 
 

-0.014 
 

-0.023 
 

0.012 
  

9 20.27 -20.21 5.88 0.003 

-0.030 + 
  

-0.025 0.011 0.019 
  

10 21.55 -20.20 5.89 0.003 

-0.028 + 
 

-0.008 -0.022 
 

0.019 
  

10 21.52 -20.15 5.94 0.003 

0.008 
  

-0.016 -0.018 
 

0.004 0.043 
 

10 21.52 -20.15 5.95 0.003 

  



Full Δ 6 AICc top model set corresponding to Table 1b in Chapter 3, showing predictors of day 4 nestling RTL with 

the influential point removed. Estimates are given for scaled and centred continuous variables. Presence of factors 

in the model is noted with +. Int  = intercept. 

 
Int 

Sex 
Bird 
age 

D4 
Body 
mass 

mean 
egg 

mass 

log 
Group 

size 

Clutch 
size 

pre-
lay 
rain 

Clutch 
size:  
rain 

df logLik AICc 
Delta 
AICc 

Weight 

-0.014 + 
     

0.073 
 

8 32.65 -47.42 0.000 0.108 

0.017 
      

0.076 
 

7 31.09 -46.73 0.688 0.076 

-0.013 + 
  

-0.025 
  

0.071 
 

9 33.32 -46.27 1.146 0.061 

-0.014 + 
 

-0.020 
   

0.081 
 

9 33.28 -46.19 1.234 0.058 

-0.013 + -0.021 
    

0.081 
 

9 33.25 -46.13 1.294 0.056 

0.018 
   

-0.024 
  

0.075 
 

8 31.69 -45.50 1.923 0.041 

0.018 
 

-0.021 
    

0.085 
 

8 31.66 -45.44 1.980 0.040 

0.018 
  

-0.019 
   

0.084 
 

8 31.64 -45.40 2.019 0.039 

-0.013 + 
   

-0.005 
 

0.072 
 

9 32.67 -44.98 2.444 0.032 

-0.014 + 
    

0.005 0.071 
 

9 32.67 -44.97 2.455 0.032 

-0.013 + 
 

-0.018 -0.023 
  

0.078 
 

10 33.84 -44.75 2.675 0.028 

-0.013 + -0.019 
 

-0.023 
  

0.079 
 

10 33.81 -44.68 2.746 0.027 

0.017 
    

-0.011 
 

0.075 
 

8 31.22 -44.57 2.850 0.026 

-0.013 + -0.018 -0.017 
   

0.087 
 

10 33.73 -44.52 2.906 0.025 

0.017 
     

0.000 0.076 
 

8 31.09 -44.30 3.122 0.023 

0.019 
 

-0.019 
 

-0.022 
  

0.083 
 

9 32.15 -43.92 3.500 0.019 

0.019 
  

-0.017 -0.021 
  

0.082 
 

9 32.12 -43.88 3.545 0.018 

-0.013 + 
  

-0.025 -0.004 
 

0.071 
 

10 33.34 -43.75 3.668 0.017 

0.018 
 

-0.018 -0.016 
   

0.091 
 

9 32.06 -43.75 3.673 0.017 

-0.013 + 
  

-0.025 
 

0.000 0.071 
 

10 33.32 -43.71 3.711 0.017 

-0.014 + 
 

-0.020 
  

0.004 0.079 
 

10 33.30 -43.66 3.758 0.016 

-0.014 + 
 

-0.020 
 

-0.001 
 

0.080 
 

10 33.28 -43.63 3.794 0.016 

-0.013 + -0.021 
   

0.003 0.080 
 

10 33.26 -43.59 3.838 0.016 

-0.014 + -0.022 
  

0.003 
 

0.082 
 

10 33.26 -43.58 3.841 0.016 

0.018 
   

-0.024 -0.011 
 

0.074 
 

9 31.81 -43.26 4.166 0.013 

0.018 
   

-0.025 
 

-0.006 0.076 
 

9 31.72 -43.06 4.359 0.012 

0.018 
  

-0.018 
 

-0.008 
 

0.083 
 

9 31.71 -43.06 4.367 0.012 

0.018 
 

-0.019 
  

-0.004 
 

0.085 
 

9 31.68 -42.98 4.441 0.012 

0.018 
 

-0.021 
   

-0.002 0.086 
 

9 31.66 -42.95 4.471 0.012 

0.018 
  

-0.019 
  

-0.001 0.084 
 

9 31.64 -42.91 4.515 0.011 

-0.013 + -0.016 -0.016 -0.021 
  

0.085 
 

11 34.21 -42.84 4.579 0.011 

-0.013 + 
   

-0.006 0.005 0.071 
 

10 32.70 -42.47 4.952 0.009 

-0.013 + 
    

0.008 0.071 -0.004 10 32.69 -42.44 4.985 0.009 

-0.013 + 
 

-0.018 -0.023 -0.001 
 

0.078 
 

11 33.84 -42.12 5.305 0.008 

-0.013 + 
 

-0.018 -0.023 
 

0.000 0.078 
 

11 33.84 -42.11 5.309 0.008 

0.017 
    

-0.011 0.001 0.075 
 

9 31.22 -42.08 5.345 0.007 

-0.013 + -0.019 
 

-0.023 0.003 
 

0.079 
 

11 33.81 -42.06 5.366 0.007 



 
Int 

Sex 
Bird 
age 

D4 
Body 
mass 

mean 
egg 

mass 

log 
Group 

size 

Clutch 
size 

pre-
lay 
rain 

Clutch 
size:  
rain 

df logLik AICc 
Delta 
AICc 

Weight 

-0.013 + -0.019 
 

-0.023 
 

-0.001 0.079 
 

11 33.81 -42.05 5.376 0.007 

0.019 
 

-0.016 -0.015 -0.020 
  

0.088 
 

10 32.47 -42.01 5.410 0.007 

-0.014 + -0.019 -0.018 
 

0.005 
 

0.088 
 

11 33.75 -41.94 5.485 0.007 

-0.013 + -0.018 -0.017 
  

0.003 0.086 
 

11 33.74 -41.90 5.519 0.007 

0.017 
     

-0.001 0.076 0.000 9 31.09 -41.80 5.620 0.006 

0.019 
  

-0.016 -0.021 -0.008 
 

0.081 
 

10 32.20 -41.46 5.960 0.005 

0.018 
 

-0.019 
 

-0.023 
 

-0.007 0.085 
 

10 32.19 -41.44 5.982 0.005 



Full Δ 6 AICc top model set corresponding to Table 2 in Chapter 3, showing predictors of the rate of change in 

relative telomere length during early development (between day 4 and day 12). Estimates are given for scaled 

and centred continuous variables. Presence of factors in the model is noted with +. Int  = intercept.

Int Comp 
Group 
type 

Sex 
Group 
size 

pre-
lay 
Rain 

Post 
lay rain 

Day 4 
RTL 

day 12 
Body 
mass 

df logLik AICc 
delta 
AICc 

weight 

0.001 
      

-0.005 
 

6 109.42 -204.29 0.000 0.071 

0.002 
      

-0.006 -0.004 7 110.84 -204.18 0.104 0.067 

0.003 
 

+ 
    

-0.006 -0.004 8 111.85 -203.05 1.237 0.038 

0.004 
  

+ 
   

-0.006 -0.004 8 111.84 -203.04 1.250 0.038 

0.003 
 

+ 
    

-0.005 
 

7 110.26 -203.03 1.259 0.038 

0.001 
        

5 107.35 -202.94 1.345 0.036 

0.004 
  

+ 
   

-0.005 
 

7 110.22 -202.93 1.352 0.036 

0.005 
  

+ 
    

-0.005 7 110.21 -202.93 1.358 0.036 

0.001 
       

-0.005 6 108.63 -202.72 1.572 0.032 

0.005 
  

+ 
     

6 108.60 -202.66 1.624 0.031 

0.003 
 

+ 
      

6 108.38 -202.22 2.069 0.025 

0.001 
     

-0.002 -0.005 
 

7 109.72 -201.93 2.354 0.022 

0.001 
    

-0.002 
 

-0.005 
 

7 109.61 -201.72 2.570 0.020 

0.001 
   

0.001 
  

-0.005 
 

7 109.58 -201.67 2.621 0.019 

0.001 
   

0.002 
  

-0.006 -0.004 8 111.11 -201.58 2.709 0.018 

0.003 + 
     

-0.005 
 

7 109.47 -201.45 2.839 0.017 

0.003 
 

+ 
     

-0.003 7 109.46 -201.43 2.858 0.017 

0.003 + 
     

-0.006 -0.004 8 110.98 -201.31 2.979 0.016 

0.002 
     

-0.001 -0.006 -0.004 8 110.91 -201.18 3.104 0.015 

0.005 
  

+ 
 

0.003 
  

-0.005 8 110.86 -201.07 3.214 0.014 

0.002 
    

0.000 
 

-0.006 -0.004 8 110.84 -201.04 3.247 0.014 

0.005 
 

+ + 
   

-0.006 -0.004 9 112.51 -201.02 3.269 0.014 

0.001 
     

-0.002 
  

6 107.74 -200.93 3.354 0.013 

0.004 
 

+ + 
   

-0.005 
 

8 110.76 -200.87 3.420 0.013 

0.001 
    

0.003 
  

-0.006 7 109.07 -200.65 3.641 0.011 

0.004 
  

+ 
  

-0.002 -0.005 
 

8 110.61 -200.57 3.718 0.011 

0.005 
  

+ 
  

-0.002 
  

7 109.01 -200.51 3.776 0.011 

0.001 
   

0.002 
    

6 107.53 -200.51 3.776 0.011 

0.004 
 

+ 
  

0.003 
 

-0.005 -0.005 9 112.25 -200.51 3.779 0.011 

0.004 + 
      

-0.005 7 108.97 -200.43 3.856 0.010 

0.003 + 
       

6 107.48 -200.41 3.878 0.010 

0.005 
 

+ + 
     

7 108.90 -200.30 3.988 0.010 

0.001 
    

-0.001 
   

6 107.39 -200.24 4.049 0.009 

0.003 
 

+ 
   

-0.001 -0.005 
 

8 110.40 -200.15 4.134 0.009 

0.007 + 
 

+ 
    

-0.005 8 110.40 -200.15 4.141 0.009 

0.005 
  

+ 
  

-0.001 
 

-0.004 8 110.36 -200.07 4.221 0.009 

0.006 
 

+ + 
    

-0.005 8 110.34 -200.03 4.258 0.008 



Int Comp 
Group 
type 

Sex 
Group 
size 

pre-
lay 
Rain 

Post 
lay rain 

Day 4 
RTL 

day 12 
Body 
mass 

df logLik AICc 
delta 
AICc 

weight 

0.001 + + 
    

-0.005 
 

8 110.32 -200.00 4.285 0.008 

0.005 
  

+ 
 

0.002 
   

7 108.72 -199.94 4.348 0.008 

0.005 
  

+ 
  

-0.001 -0.006 -0.004 9 111.96 -199.93 4.358 0.008 

0.004 
  

+ 
 

-0.001 
 

-0.005 
 

8 110.27 -199.90 4.387 0.008 

0.003 
 

+ 
  

0.000 
 

-0.005 
 

8 110.26 -199.88 4.404 0.008 

0.001 
     

-0.001 
 

-0.004 7 108.69 -199.87 4.412 0.008 

0.001 
   

0.001 
   

-0.004 7 108.69 -199.87 4.416 0.008 

0.005 
  

+ 
 

0.002 
 

-0.005 -0.005 9 111.93 -199.87 4.417 0.008 

0.004 
  

+ 0.001 
  

-0.005 
 

8 110.24 -199.84 4.446 0.008 

0.005 
  

+ -
0.001 

   
-0.005 8 110.24 -199.83 4.455 0.008 

0.005 + 
 

+ 
   

-0.005 
 

8 110.23 -199.82 4.463 0.008 

0.004 
  

+ 0.001 
  

-0.006 -0.004 9 111.90 -199.81 4.478 0.008 

0.005 + 
 

+ 
   

-0.006 -0.004 9 111.90 -199.80 4.486 0.008 

0.006 + 
 

+ 
     

7 108.64 -199.78 4.503 0.007 

0.005 
  

+ -
0.001 

    
7 108.63 -199.76 4.526 0.007 

0.003 
 

+ 
   

-0.002 
  

7 108.62 -199.75 4.539 0.007 

0.002 + + 
    

-0.006 -0.004 9 111.87 -199.73 4.553 0.007 

0.003 
 

+ 
   

0.000 -0.005 -0.004 9 111.85 -199.70 4.590 0.007 

0.004 
 

+ 
  

0.005 
  

-0.005 8 110.12 -199.60 4.686 0.007 

0.007 
 

+ + 
 

0.006 
  

-0.006 9 111.67 -199.34 4.943 0.006 

0.003 
 

+ 
  

0.001 
   

7 108.42 -199.34 4.947 0.006 

0.002 + + 
      

7 108.41 -199.31 4.976 0.006 

0.001 
    

-0.001 -0.002 -0.005 
 

8 109.83 -199.01 5.275 0.005 

0.001 
   

0.001 
 

-0.002 -0.005 
 

8 109.80 -198.96 5.324 0.005 

0.003 + 
    

-0.002 -0.005 
 

8 109.80 -198.95 5.338 0.005 

0.007 
 

+ + 
 

0.004 
 

-0.005 -0.005 10 113.14 -198.70 5.584 0.004 

0.001 
   

0.001 -0.001 
 

-0.005 
 

8 109.65 -198.66 5.626 0.004 

0.002 + 
   

-0.002 
 

-0.005 
 

8 109.63 -198.62 5.665 0.004 

0.002 + 
  

0.001 
  

-0.005 
 

8 109.61 -198.57 5.717 0.004 

0.002 
   

0.002 0.002 
 

-0.006 -0.005 9 111.22 -198.44 5.846 0.004 

0.003 
 

+ 
   

-0.001 
 

-0.003 8 109.52 -198.39 5.895 0.004 

0.003 + 
  

0.002 
  

-0.006 -0.004 9 111.18 -198.36 5.928 0.004 

0.003 + 
    

-0.002 
  

7 107.91 -198.32 5.968 0.004 

 

  



Full Δ 6 AICc top model set corresponding to Table 3 in Chapter 3, showing predictors of the rate of change in 

relative telomere length during late development (between day 12 and day 30). Estimates are given for scaled 

and centred continuous variables. Presence of factors in the model is noted with +. Int  = intercept. The interaction 

between mass and change in mass in the global model but is not present in the top model set.

Int Comp Group 
type 

Group 
size 

Day 12 
body 
mass 

pre-lay 
rain 

post-
lay 
rain 

Day 12 
RTL 

Delta 
mass 

df logLik AICc delta 
AICc 

weight 

-0.0012 
 

+ 
      

7 165.21 -313.61 0.00 0.12 

-0.0029 
  

0.0022 
     

7 164.78 -312.76 0.85 0.08 

-0.0029 
        

6 163.05 -312.06 1.55 0.05 

-0.0015 
 

+ 
     

-0.0012 8 165.71 -311.74 1.87 0.05 

-0.0029 
       

-0.0021 7 164.22 -311.65 1.96 0.04 

-0.0010 
 

+ 
    

0.0010 
 

8 165.57 -311.45 2.16 0.04 

-0.0010 
 

+ 
   

0.0009 
  

8 165.51 -311.32 2.29 0.04 

-0.0029 
  

0.0029 
   

0.0015 
 

8 165.43 -311.17 2.44 0.03 

-0.0011 
 

+ 
 

0.0007 
    

8 165.38 -311.06 2.55 0.03 

-0.0005 + + 
      

8 165.31 -310.92 2.69 0.03 

-0.0013 
 

+ 
  

-0.0003 
   

8 165.25 -310.80 2.81 0.03 

-0.0029 
  

0.0018 
    

-0.0012 8 165.24 -310.79 2.82 0.03 

-0.0029 
  

0.0025 
  

0.0009 
  

8 165.07 -310.44 3.17 0.02 

-0.0020 + 
 

0.0021 
     

8 164.93 -310.17 3.44 0.02 

-0.0029 
  

0.0022 0.0005 
    

8 164.86 -310.02 3.59 0.02 

-0.0029 
  

0.0023 
 

0.0002 
   

8 164.79 -309.90 3.72 0.02 

-0.0016 + 
       

7 163.31 -309.83 3.78 0.02 

-0.0029 
    

-0.0008 
   

7 163.25 -309.71 3.90 0.02 

-0.0012 
 

+ 
   

0.0011 
 

-0.0013 9 166.12 -309.51 4.10 0.01 

-0.0029 
   

0.0004 
    

7 163.12 -309.44 4.17 0.01 

-0.0029 
      

0.0001 
 

7 163.06 -309.32 4.29 0.01 

-0.0029 
     

0.0001 
  

7 163.06 -309.31 4.30 0.01 

-0.0013 
 

+ 
    

0.0009 -0.0011 9 165.99 -309.25 4.36 0.01 

-0.0030 
   

-
0.0010 

   
-0.0025 8 164.42 -309.15 4.46 0.01 

-0.0029 
    

-0.0007 
  

-0.0020 8 164.37 -309.04 4.57 0.01 

-0.0028 
     

0.0005 
 

-0.0023 8 164.32 -308.94 4.67 0.01 

-0.0023 + 
      

-0.0019 8 164.27 -308.84 4.77 0.01 

-0.0008 
 

+ 
   

0.0008 0.0009 
 

9 165.77 -308.80 4.81 0.01 

-0.0015 
 

+ 
  

-0.0004 
  

-0.0012 9 165.76 -308.78 4.83 0.01 

-0.0029 
      

0.0001 -0.0021 8 164.23 -308.76 4.85 0.01 

-0.0011 + + 
     

-0.0012 9 165.74 -308.75 4.86 0.01 

-0.0011 
 

+ 
  

-0.0007 
 

0.0012 
 

9 165.73 -308.72 4.89 0.01 

-0.0015 
 

+ 
 

-
0.0001 

   
-0.0013 9 165.72 -308.70 4.91 0.01 

-0.0030 
  

0.0025 
   

0.0013 -0.0009 9 165.70 -308.67 4.94 0.01 

-0.0001 + + 
   

0.0010 
  

9 165.65 -308.57 5.04 0.01 

-0.0009 
 

+ 
 

0.0006 
 

0.0009 
  

9 165.65 -308.56 5.05 0.01 



-0.0010 
 

+ 
 

0.0005 
  

0.0009 
 

9 165.64 -308.55 5.06 0.01 

-0.0005 + + 
    

0.0010 
 

9 165.62 -308.49 5.12 0.01 

-0.0029 
  

0.0031 
  

0.0007 0.0014 
 

9 165.61 -308.48 5.13 0.01 

-0.0029 
  

0.0021 
  

0.0010 
 

-0.0013 9 165.59 -308.44 5.17 0.01 

-0.0010 
 

+ 
  

-0.0003 0.0009 
  

9 165.54 -308.35 5.26 0.01 

-0.0023 + 
 

0.0028 
   

0.0014 
 

9 165.50 -308.26 5.36 0.01 

-0.0005 + + 
 

0.0007 
    

9 165.46 -308.19 5.42 0.01 

-0.0012 
 

+ 
 

0.0007 -0.0004 
   

9 165.44 -308.15 5.46 0.01 

-0.0029 
  

0.0029 0.0001 
  

0.0015 
 

9 165.43 -308.13 5.48 0.01 

-0.0029 
  

0.0029 
 

0.0000 
 

0.0015 
 

9 165.43 -308.13 5.48 0.01 

-0.0006 + + 
  

-0.0003 
   

9 165.34 -307.95 5.66 0.01 

-0.0023 + 
 

0.0018 
    

-0.0011 9 165.30 -307.87 5.74 0.01 

-0.0017 + 
 

0.0025 
  

0.0011 
  

9 165.30 -307.86 5.75 0.01 

-0.0029 
  

0.0017 -
0.0004 

   
-0.0015 9 165.28 -307.83 5.79 0.01 

-0.0029 
  

0.0018 
 

0.0001 
  

-0.0012 9 165.24 -307.75 5.86 0.01 

 

 



Appendix D: Adult change in telomere length by date 

  (a)       (b)

Raw data plots for the 15 most sampled individuals, showing the patterns of relative telomere length with a) age, 

and b) date of sampling. 



Appendix E: Chapter 4 unabridged top model sets and extra model 

 

Full Δ 6 AICc top model set corresponding to Table 1 in Chapter 4, showing predictors of adult relative telomere 

length. Models are of the effects of population level age (age was not partitioned). Estimates are given for scaled 

and centred continuous variables. Presence of factors in the model is noted with +. Int  = intercept.

Intercept 
Dominance 

status 
Sex Bird age Bird age2 df logLik AICc 

Delta 
AICc 

weight 

-0.023   + -0.041   8 104.09 -191.68 0.000 0.240 

-0.032   +     7 102.87 -191.36 0.319 0.205 

-0.039   + -0.044 0.013 9 104.75 -190.88 0.796 0.161 

-0.009 + + -0.052   9 104.27 -189.93 1.754 0.100 

-0.038 + +     8 102.94 -189.38 2.296 0.076 

-0.023 + + -0.058 0.014 10 105.04 -189.32 2.359 0.074 

-0.073         6 100.57 -188.85 2.832 0.058 

-0.071     -0.022   7 100.93 -187.47 4.215 0.029 

-0.088     -0.024 0.014 8 101.73 -186.96 4.722 0.023 

-0.072 +       7 100.57 -186.75 4.928 0.020 

-0.055 +   -0.034   8 101.14 -185.79 5.887 0.013 
 

 
 
 

 

Full Δ 6 AICc top model set corresponding to Table 2 in Chapter 4, showing predictors of adult relative telomere 

length. Showing the effects of partitioned age. Estimates are given for scaled and centred continuous variables. 

Presence of factors in the model is noted with +. Int  = intercept

Int Status Sex 
Delta 
Age 

Delta 
Age2 

Mean 
Age 

Mean 
Age2 

Status 
: Sex 

Status: 
Delta 
Age 

Status: 
Mean 
Age 

Sex : 
Delta 
Age 

Sex : 
Mean 
Age 

Delta 
Age : 
Mean 
Age 

df logLik AICc 
Delta 
AICc 

weight 

-0.029 
 

+ 
  

-0.028 
       

8 104.08 -191.66 0.00 0.054 

0.008 + + 
  

-0.060 
       

9 105.02 -191.42 0.24 0.048 

-0.032 
 

+ 
          

7 102.87 -191.36 0.30 0.046 

-0.021 + + 
  

-0.026 
   

+ 
   

10 105.76 -190.76 0.90 0.034 

-0.046 
 

+ 
  

-0.031 0.015 
      

9 104.40 -190.18 1.48 0.026 

-0.009 + + 
  

-0.064 0.017 
      

10 105.41 -190.05 1.61 0.024 

-0.025 
 

+ -0.010 
 

-0.037 
       

9 104.23 -189.84 1.82 0.022 

-0.026 
 

+ 0.001 
 

-0.038 
    

+ 
  

10 105.25 -189.73 1.93 0.021 

-0.029 
 

+ 
  

-0.034 
     

+ 
 

9 104.13 -189.64 2.02 0.020 



Int Status Sex 
Delta 
Age 

Delta 
Age2 

Mean 
Age 

Mean 
Age2 

Status 
: Sex 

Status: 
Delta 
Age 

Status: 
Mean 
Age 

Sex : 
Delta 
Age 

Sex : 
Mean 
Age 

Delta 
Age : 
Mean 
Age 

df logLik AICc 
Delta 
AICc 

weight 

-0.035 
 

+ 0.008 
         

8 103.05 -189.61 2.05 0.019 

0.009 + + -0.007 
 

-0.064 
       

10 105.08 -189.40 2.26 0.017 

0.008 + + 
  

-0.065 
     

+ 
 

10 105.08 -189.39 2.27 0.017 

-0.038 + + 
          

8 102.94 -189.38 2.28 0.017 

0.007 + + 0.003 
 

-0.064 
  

+ 
    

11 106.13 -189.34 2.32 0.017 

-0.036 
 

+ 0.019 
      

+ 
  

9 103.96 -189.29 2.37 0.016 

0.007 + + 
  

-0.060 
 

+ 
     

10 105.02 -189.28 2.38 0.016 

0.006 + + 0.003 
 

-0.063 
    

+ 
  

11 105.97 -189.03 2.64 0.014 

-0.023 + + 
  

-0.032 
   

+ 
 

+ 
 

11 105.91 -188.91 2.75 0.014 

-0.073 
            

6 100.57 -188.85 2.81 0.013 

-0.022 + + 0.004 
 

-0.029 
  

+ + 
   

12 106.91 -188.72 2.94 0.012 

-0.021 + + 
  

-0.006 -
0.013 

  
+ 

   
11 105.82 -188.72 2.95 0.012 

-0.019 + + -0.006 
 

-0.030 
   

+ 
   

11 105.81 -188.71 2.96 0.012 

-0.023 + + 
  

-0.025 
 

+ 
 

+ 
   

11 105.77 -188.61 3.05 0.012 

-0.023 + + 0.005 
 

-0.027 
   

+ + 
  

12 106.77 -188.46 3.21 0.011 

-0.044 
 

+ 0.001 
 

-0.041 0.017 
   

+ 
  

11 105.65 -188.37 3.29 0.010 

-0.042 
 

+ -0.010 
 

-0.039 0.015 
      

10 104.56 -188.36 3.30 0.010 

-0.048 
 

+ 
  

-0.039 0.017 
    

+ 
 

10 104.50 -188.24 3.42 0.010 

-0.027 
 

+ -0.013 
 

-0.036 
      

0.006 10 104.46 -188.16 3.50 0.009 

-0.011 + + 
  

-0.072 0.018 
    

+ 
 

11 105.52 -188.12 3.54 0.009 

-0.011 + + 0.003 
 

-0.068 0.018 
 

+ 
    

12 106.58 -188.08 3.59 0.009 

-0.008 + + -0.007 
 

-0.068 0.017 
      

11 105.48 -188.04 3.63 0.009 

0.006 + + 0.008 
 

-0.063 
  

+ 
 

+ 
  

12 106.52 -187.96 3.71 0.008 

-0.011 + + 
  

-0.064 0.017 + 
     

11 105.41 -187.91 3.75 0.008 

-0.074 
    

-0.019 
       

7 101.11 -187.84 3.82 0.008 

-0.033 + 
   

-0.053 
       

8 102.17 -187.84 3.82 0.008 

-0.025 
 

+ -0.010 
 

-0.042 
     

+ 
 

10 104.29 -187.81 3.85 0.008 

-0.012 + + 0.003 
 

-0.067 0.018 
   

+ 
  

12 106.44 -187.79 3.87 0.008 

0.009 + + -0.009 
 

-0.064 
      

0.007 11 105.36 -187.79 3.87 0.008 

-0.027 
 

+ -0.009 0.002 -0.037 
       

10 104.27 -187.78 3.88 0.008 

-0.026 
 

+ 0.001 
 

-0.044 
    

+ + 
 

11 105.32 -187.71 3.95 0.007 

-0.026 
 

+ -0.001 
 

-0.038 
    

+ 
 

0.003 11 105.30 -187.67 3.99 0.007 

-0.027 
 

+ 0.002 0.002 -0.038 
    

+ 
  

11 105.28 -187.65 4.02 0.007 

0.003 + + 0.008 0.005 -0.065 
  

+ 
    

12 106.36 -187.64 4.03 0.007 

-0.063 + 
   

-0.014 
   

+ 
   

9 103.11 -187.60 4.06 0.007 

-0.037 
 

+ 0.010 0.002 
        

9 103.08 -187.54 4.13 0.007 

-0.035 + + 0.008 
         

9 103.05 -187.48 4.18 0.007 

-0.037 + + 0.019 
    

+ 
    

10 104.10 -187.44 4.23 0.007 

-0.024 + + 0.009 
 

-0.027 
  

+ + + 
  

13 107.34 -187.40 4.26 0.006 

0.007 + + 0.008 
 

-0.064 
  

+ 
   

-
0.006 

12 106.24 -187.38 4.28 0.006 



Int Status Sex 
Delta 
Age 

Delta 
Age2 

Mean 
Age 

Mean 
Age2 

Status 
: Sex 

Status: 
Delta 
Age 

Status: 
Mean 
Age 

Sex : 
Delta 
Age 

Sex : 
Mean 
Age 

Delta 
Age : 
Mean 
Age 

df logLik AICc 
Delta 
AICc 

weight 

0.021 + + 
  

-0.076 
 

+ 
   

+ 
 

11 105.15 -187.38 4.28 0.006 

0.009 + + -0.007 
 

-0.069 
     

+ 
 

11 105.14 -187.36 4.30 0.006 

0.007 + + -0.005 0.002 -0.064 
       

11 105.13 -187.35 4.32 0.006 

0.007 + + 0.003 
 

-0.071 
  

+ 
  

+ 
 

12 106.21 -187.33 4.33 0.006 

-0.041 + + 
    

+ 
     

9 102.95 -187.28 4.38 0.006 

0.008 + + -0.007 
 

-0.064 
 

+ 
     

11 105.09 -187.26 4.41 0.006 

0.004 + + 0.003 
 

-0.064 
 

+ + 
    

12 106.15 -187.21 4.46 0.006 

-0.037 
 

+ 0.021 0.002 
     

+ 
  

10 103.98 -187.19 4.47 0.006 

-0.038 + + 0.018 
      

+ 
  

10 103.97 -187.17 4.49 0.006 

-0.005 + + 
  

-0.046 
 

+ 
 

+ 
 

+ 
 

12 106.12 -187.15 4.51 0.006 

-0.075 
  

0.009 
         

7 100.76 -187.14 4.52 0.006 

-0.020 + + -0.009 
 

-0.029 
   

+ 
  

0.007 12 106.10 -187.12 4.54 0.006 

0.006 + + 0.001 
 

-0.063 
    

+ 
 

0.004 12 106.05 -187.01 4.65 0.005 

0.006 + + 0.003 
 

-0.069 
    

+ + 
 

12 106.05 -187.00 4.66 0.005 

0.004 + + 0.005 0.002 -0.063 
    

+ 
  

12 106.02 -186.94 4.72 0.005 

-0.024 + + 0.004 
 

-0.037 
  

+ + 
 

+ 
 

13 107.10 -186.93 4.73 0.005 

-0.026 + + 0.009 0.005 -0.031 
  

+ + 
   

13 107.10 -186.92 4.75 0.005 

0.003 + + 0.003 
 

-0.063 
 

+ 
  

+ 
  

12 105.99 -186.88 4.78 0.005 

-0.022 + + -0.006 
 

-0.036 
   

+ 
 

+ 
 

12 105.97 -186.85 4.81 0.005 

-0.024 + + 
  

-0.014 -
0.012 

  
+ 

 
+ 

 
12 105.97 -186.84 4.82 0.005 

-0.013 + + 0.008 
 

-0.068 0.019 
 

+ 
 

+ 
  

13 107.02 -186.76 4.90 0.005 

-0.072 + 
           

7 100.57 -186.75 4.91 0.005 

-0.022 + + 0.009 
 

-0.029 
  

+ + 
  

-
0.006 

13 107.01 -186.74 4.92 0.005 

-0.044 
 

+ -0.013 
 

-0.039 0.016 
     

0.007 11 104.82 -186.72 4.94 0.005 

-0.051 + 
   

-0.058 0.020 
      

9 102.66 -186.70 4.96 0.005 

-0.026 + + 0.004 
 

-0.035 
   

+ + + 
 

13 106.96 -186.65 5.01 0.004 

-0.020 + + -0.006 
 

-0.012 -
0.012 

  
+ 

   
12 105.86 -186.63 5.03 0.004 

-0.021 + + -0.005 0.002 -0.030 
   

+ 
   

12 105.84 -186.60 5.07 0.004 

-0.022 + + 0.004 
 

-0.015 -
0.009 

 
+ + 

   
13 106.94 -186.59 5.07 0.004 

-0.026 + + 0.004 
 

-0.029 
 

+ + + 
   

13 106.93 -186.59 5.08 0.004 

-0.092 
    

-0.022 0.018 
      

8 101.52 -186.55 5.11 0.004 

-0.022 + + -0.006 
 

-0.029 
 

+ 
 

+ 
   

12 105.82 -186.55 5.11 0.004 

-0.023 + + 
  

-0.006 -
0.013 

+ 
 

+ 
   

12 105.82 -186.55 5.11 0.004 

-0.009 + + -0.010 
 

-0.068 0.018 
     

0.007 12 105.79 -186.48 5.18 0.004 

-0.046 
 

+ 0.001 
 

-0.050 0.018 
   

+ + 
 

12 105.78 -186.48 5.19 0.004 

-0.024 + + 0.002 
 

-0.027 
   

+ + 
 

0.004 13 106.86 -186.43 5.23 0.004 

-0.043 
 

+ -0.011 
 

-0.047 0.017 
    

+ 
 

11 104.67 -186.41 5.25 0.004 

-0.024 + + 0.005 
 

-0.013 -
0.009 

  
+ + 

  
13 106.80 -186.33 5.33 0.004 

-0.045 
 

+ -0.001 
 

-0.041 0.017 
   

+ 
 

0.003 12 105.71 -186.32 5.34 0.004 



Int Status Sex 
Delta 
Age 

Delta 
Age2 

Mean 
Age 

Mean 
Age2 

Status 
: Sex 

Status: 
Delta 
Age 

Status: 
Mean 
Age 

Sex : 
Delta 
Age 

Sex : 
Mean 
Age 

Delta 
Age : 
Mean 
Age 

df logLik AICc 
Delta 
AICc 

weight 

-0.024 + + 0.006 0.002 -0.028 
   

+ + 
  

13 106.80 -186.32 5.34 0.004 

-0.031 
 

+ -0.010 0.005 -0.037 
      

0.008 11 104.62 -186.32 5.35 0.004 

-0.027 + + 0.004 
 

-0.027 
 

+ 
 

+ + 
  

13 106.79 -186.31 5.35 0.004 

-0.015 + + 0.008 0.005 -0.069 0.017 
 

+ 
    

13 106.78 -186.29 5.38 0.004 

-0.043 
 

+ -0.009 0.002 -0.040 0.015 
      

11 104.59 -186.26 5.40 0.004 

-0.045 
 

+ 0.002 0.002 -0.041 0.017 
   

+ 
  

12 105.67 -186.25 5.41 0.004 

-0.013 + + 0.003 
 

-0.078 0.020 
 

+ 
  

+ 
 

13 106.74 -186.21 5.46 0.004 

0.004 + + 
  

-0.086 0.020 + 
   

+ 
 

12 105.64 -186.20 5.47 0.004 

0.001 + + 0.012 0.005 -0.064 
  

+ 
 

+ 
  

13 106.70 -186.12 5.54 0.003 

-0.027 
 

+ -0.013 
 

-0.042 
     

+ 0.006 11 104.52 -186.12 5.54 0.003 

-0.039 + + 0.023 
    

+ 
 

+ 
  

11 104.51 -186.11 5.56 0.003 

-0.009 + + -0.007 
 

-0.077 0.018 
    

+ 
 

12 105.60 -186.11 5.56 0.003 

-0.010 + + 0.008 
 

-0.068 0.018 
 

+ 
   

-
0.006 

13 106.68 -186.07 5.59 0.003 

0.006 + + 0.014 
 

-0.063 
  

+ 
 

+ 
 

-
0.006 

13 106.64 -186.00 5.66 0.003 

0.004 + + -0.006 0.005 -0.065 
      

0.009 12 105.54 -186.00 5.67 0.003 

-0.016 + + 0.002 
 

-0.068 0.018 + + 
    

13 106.62 -185.96 5.71 0.003 

0.005 + + 0.008 
 

-0.070 
  

+ 
 

+ + 
 

13 106.61 -185.94 5.72 0.003 

-0.009 + + -0.006 0.002 -0.068 0.017 
      

12 105.51 -185.93 5.73 0.003 

-0.014 + + 0.003 
 

-0.077 0.020 
   

+ + 
 

13 106.59 -185.91 5.75 0.003 

-0.011 + + -0.007 
 

-0.068 0.017 + 
     

12 105.49 -185.89 5.77 0.003 

0.002 + + 0.007 
 

-0.063 
 

+ + 
 

+ 
  

13 106.55 -185.82 5.85 0.003 

-0.013 + + 0.001 
 

-0.068 0.019 
   

+ 
 

0.004 13 106.53 -185.79 5.87 0.003 

-0.034 + 
 

0.014 
 

-0.051 
  

+ 
    

10 103.27 -185.78 5.88 0.003 

-0.027 
 

+ -0.009 0.002 -0.043 
     

+ 
 

11 104.33 -185.75 5.91 0.003 

0.009 + + -0.009 
 

-0.070 
     

+ 0.007 12 105.42 -185.74 5.92 0.003 

-0.033 + 
 

0.003 
 

-0.052 
       

9 102.18 -185.74 5.92 0.003 

-0.074 
  

-0.001 
 

-0.019 
       

8 101.12 -185.73 5.93 0.003 

-0.042 + + 0.025 0.005 
   

+ 
    

11 104.30 -185.69 5.98 0.003 

-0.030 
 

+ 0.000 0.003 -0.038 
    

+ 
 

0.005 12 105.38 -185.67 5.99 0.003 

 

 

 

 



 

 

 

Full Δ 6 AICc top model set corresponding to Table 3 in Chapter 4, showing predictors of adult rate of change in 

relative telomere length over the course of a breeding or non-breeding period (season). Estimates are given for 

scaled and centred continuous variables. Presence of factors in the model is noted with +. Int  = intercept, Dom = 

dominance.

Int Dom 
Status 

Season Sex log 
Group 
size 

start 
RTL 

Annual 
rain 

Mass 
change 

start 
mass 

Status: 
sex 

Status 
: log 
group 
size 

Status: 
start 
RTL 

Status: 
annual 
rain 

Season: 
annual 
rain 

Start 
mass: 
Mass 
change 

df logLik AICc delta 
AICc 

weight 

0.006 + + 
  

-0.008 -0.011 
    

+ + + 
 

13 451.1 -874.0 0.000 0.127 

0.005 + + 
  

-0.009 -0.011 0.003 
   

+ + + 
 

14 452.0 -873.6 0.383 0.105 

0.006 + + 
  

-0.008 -0.015 
    

+ 
 

+ 
 

12 449.3 -872.9 1.146 0.072 

0.005 + + 
  

-0.008 -0.015 0.003 
   

+ 
 

+ 
 

13 450.1 -872.1 1.934 0.048 

0.005 + + 
 

-0.003 -0.009 -0.011 
   

+ + + + 
 

15 452.4 -872.0 2.030 0.046 

0.006 + + 
 

-0.001 -0.008 -0.011 
    

+ + + 
 

14 451.2 -871.9 2.090 0.045 

0.006 + + 
  

-0.008 -0.011 
 

0.000 
  

+ + + 
 

14 451.1 -871.7 2.261 0.041 

0.006 + + + 
 

-0.008 -0.011 
    

+ + + 
 

14 451.1 -871.7 2.290 0.040 

0.005 + + 
  

-0.009 -0.011 0.003 0.001 
  

+ + + 
 

15 452.1 -871.4 2.656 0.034 

0.005 + + 
 

0.000 -0.009 -0.011 0.003 
   

+ + + 
 

15 452.1 -871.3 2.700 0.033 

0.005 + + + 
 

-0.009 -0.011 0.003 
   

+ + + 
 

15 452.0 -871.3 2.747 0.032 

0.004 + + 
 

-0.003 -0.009 -0.011 0.003 
  

+ + + + 
 

16 453.2 -871.2 2.828 0.031 

0.006 + + 
 

-0.001 -0.008 -0.015 
    

+ 
 

+ 
 

13 449.4 -870.7 3.286 0.025 

0.006 + + + 
 

-0.008 -0.015 
    

+ 
 

+ 
 

13 449.4 -870.6 3.365 0.024 

0.006 + + 
  

-0.008 -0.015 
 

0.000 
  

+ 
 

+ 
 

13 449.3 -870.6 3.455 0.023 

0.005 + + 
 

-0.003 -0.008 -0.015 
   

+ + 
 

+ 
 

14 450.4 -870.4 3.623 0.021 

0.005 + + 
  

-0.008 -0.015 0.003 0.001 
  

+ 
 

+ 
 

14 450.2 -870.0 4.030 0.017 

0.005 + + 
 

0.000 -0.008 -0.015 0.003 
   

+ 
 

+ 
 

14 450.1 -869.8 4.245 0.015 

0.005 + + + 
 

-0.008 -0.015 0.003 
   

+ 
 

+ 
 

14 450.1 -869.8 4.252 0.015 

0.005 + + 
 

-0.003 -0.009 -0.011 
 

-
0.001 

 
+ + + + 

 
16 452.5 -869.7 4.264 0.015 

0.005 + + + -0.003 -0.009 -0.011 
   

+ + + + 
 

16 452.4 -869.7 4.326 0.015 

0.006 + + 
 

-0.001 -0.008 -0.011 
 

0.000 
  

+ + + 
 

15 451.2 -869.6 4.393 0.014 

0.006 + + + -0.001 -0.008 -0.011 
    

+ + + 
 

15 451.2 -869.6 4.441 0.014 

0.006 + + + 
 

-0.008 -0.011 
 

-
0.001 

  
+ + + 

 
15 451.1 -869.5 4.519 0.013 

0.006 + + + 
 

-0.008 -0.011 
  

+ 
 

+ + + 
 

15 451.1 -869.4 4.651 0.012 

0.004 + + 
 

-0.003 -0.008 -0.015 0.003 
  

+ + 
 

+ 
 

15 451.0 -869.3 4.753 0.012 

0.005 + + 
  

-0.009 -0.011 0.004 0.001 
  

+ + + -
0.00065 

16 452.2 -869.1 4.861 0.011 



 

 

Full Δ 6 AICc top model set corresponding to Table 4 in Chapter 4, showing predictors of adult rate of change in 

relative telomere length over the course of a breeding period. Estimates are given for continuous variables. 

Presence of factors in the model is noted with +. Int  = intercept, Dom = dominance.

Int Dom 
Status 

Sex log 
Group 
size 

num 
BAs 

start 
RTL 

Annual 
rain 

Status: 
Sex 

Status: 
num 
BAs 

Status: 
start 
RTL 

Status: 
Rain 

Sex: 
num 
BAs 

log group size: 
num Bas 

Status: 
Sex: 
num 
Bas 

df logLik AICc delta 
AICc 

weight 

0.005 + 
   

-0.006 -0.010 
  

+ 
    

10 285.8 -549.7 0.00 0.136 

0.004 + 
    

-0.009 
       

8 282.9 -548.5 1.22 0.074 

0.001 
     

-0.010 
       

7 281.7 -548.4 1.23 0.074 

0.004 + 
  

0.002 -0.006 -0.010 
  

+ 
    

11 286.1 -547.7 2.02 0.050 

0.004 + 
 

-0.001 
 

-0.006 -0.010 
  

+ 
    

11 286.0 -547.6 2.11 0.047 

0.003 + + 
  

-0.006 -0.010 
  

+ 
    

11 286.0 -547.5 2.19 0.046 

0.005 + 
   

-0.006 -0.010 
  

+ + 
   

11 285.8 -547.3 2.43 0.040 

0.001 
  

-0.002 
  

-0.010 
       

8 282.0 -546.7 2.97 0.031 

0.001 
   

0.002 
 

-0.011 
       

8 282.0 -546.6 3.06 0.029 

0.004 + 
  

0.002 
 

-0.010 
       

9 283.1 -546.6 3.07 0.029 

0.004 + 
    

-0.010 
   

+ 
   

9 282.9 -546.2 3.44 0.024 

0.004 + 
   

0.001 -0.009 
       

9 282.9 -546.2 3.47 0.024 

0.001 
    

0.000 -0.010 
       

8 281.7 -546.2 3.49 0.024 

0.004 + + 
   

-0.009 
       

9 282.9 -546.2 3.50 0.024 

0.004 + 
 

0.000 
  

-0.009 
       

9 282.9 -546.2 3.51 0.024 

0.001 
 

+ 
   

-0.010 
       

8 281.7 -546.2 3.53 0.023 

0.004 + 
  

0.003 -0.005 -0.010 
 

+ + 
    

12 286.3 -545.8 3.91 0.019 

0.004 + 
 

-0.001 0.002 -0.006 -0.011 
  

+ 
    

12 286.2 -545.5 4.18 0.017 

0.003 + + 
 

0.002 -0.006 -0.010 
  

+ 
    

12 286.2 -545.4 4.27 0.016 

0.005 + + 
 

0.000 -0.009 -0.011 0.003 0.001 
  

+ + + 
 

16 452.1 -869.0 5.005 0.010 

0.005 + + + 
 

-0.009 -0.011 0.004 0.001 
  

+ + + 
 

16 452.1 -869.0 5.036 0.010 

0.005 + + + 0.000 -0.009 -0.011 0.003 
   

+ + + 
 

16 452.1 -868.9 5.093 0.010 

0.005 + + + 
 

-0.009 -0.011 0.003 
 

+ 
 

+ + + 
 

16 452.0 -868.9 5.137 0.010 

0.004 + + + -0.003 -0.009 -0.011 0.003 
  

+ + + + 
 

17 453.2 -868.8 5.218 0.009 

0.004 + + 
 

-0.003 -0.009 -0.011 0.003 0.000 
 

+ + + + 
 

17 453.2 -868.8 5.236 0.009 

0.005 + + + -0.001 -0.008 -0.015 
    

+ 
 

+ 
 

14 449.4 -868.4 5.571 0.008 

0.006 + + 
 

-0.001 -0.008 -0.015 
 

0.000 
  

+ 
 

+ 
 

14 449.4 -868.4 5.623 0.008 

0.005 + + + 
 

-0.008 -0.015 
 

0.000 
  

+ 
 

+ 
 

14 449.4 -868.3 5.678 0.007 

0.006 + + + 
 

-0.008 -0.015 
  

+ 
 

+ 
 

+ 
 

14 449.4 -868.3 5.700 0.007 

0.004 + + + -0.003 -0.008 -0.015 
   

+ + 
 

+ 
 

15 450.5 -868.2 5.816 0.007 

0.005 + + 
 

-0.003 -0.008 -0.015 
 

0.000 
 

+ + 
 

+ 
 

15 450.4 -868.0 5.970 0.006 



0.003 + + -0.001 
 

-0.006 -0.010 
  

+ 
    

12 286.1 -545.2 4.44 0.015 

0.002 + + 
  

-0.006 -0.010 + 
 

+ 
    

12 286.1 -545.2 4.45 0.015 

0.004 + 
  

0.002 -0.006 -0.010 
  

+ + 
   

12 286.1 -545.2 4.49 0.014 

0.004 + 
 

-0.001 
 

-0.006 -0.010 
  

+ + 
   

12 286.0 -545.1 4.58 0.014 

0.003 + + 
  

-0.006 -0.010 
  

+ + 
   

12 286.0 -545.0 4.66 0.013 

0.004 + 
  

0.003 
 

-0.010 
 

+ 
     

10 283.5 -544.9 4.79 0.012 

0.001 
  

-0.002 0.002 
 

-0.011 
       

9 282.2 -544.8 4.86 0.012 

0.001 
   

0.002 0.001 -0.011 
       

9 282.0 -544.4 5.25 0.010 

0.001 
  

-0.002 
 

0.000 -0.010 
       

9 282.0 -544.4 5.30 0.010 

0.001 
 

+ -0.002 
  

-0.010 
       

9 282.0 -544.4 5.30 0.010 

0.004 + 
  

0.002 0.001 -0.010 
       

10 283.2 -544.3 5.33 0.009 

0.004 + 
  

0.002 
 

-0.011 
   

+ 
   

10 283.2 -544.3 5.36 0.009 

0.001 
 

+ 
 

0.002 
 

-0.011 
       

9 282.0 -544.3 5.40 0.009 

0.004 + + 
 

0.002 
 

-0.010 
       

10 283.1 -544.3 5.42 0.009 

0.004 + 
 

0.000 0.002 
 

-0.010 
       

10 283.1 -544.3 5.42 0.009 

0.003 + 
 

-0.002 0.001 -0.006 -0.011 
  

+ 
  

-0.002246297 
 

13 286.8 -544.2 5.52 0.009 

0.002 + + 
   

-0.009 + 
      

10 283.1 -544.1 5.56 0.008 

0.001 
  

-0.002 0.001 
 

-0.011 
     

-0.002660383 
 

10 283.1 -544.1 5.58 0.008 

0.004 + 
   

0.001 -0.010 
   

+ 
   

10 283.0 -543.9 5.74 0.008 

0.004 + + 
   

-0.010 
   

+ 
   

10 283.0 -543.9 5.76 0.008 

0.004 + 
 

0.000 
  

-0.010 
   

+ 
   

10 283.0 -543.9 5.78 0.008 

0.004 + + 
  

0.001 -0.009 
       

10 283.0 -543.9 5.79 0.008 

0.004 + 
 

0.000 
 

0.001 -0.009 
       

10 282.9 -543.9 5.82 0.007 

0.001 
 

+ 
  

0.001 -0.010 
       

9 281.7 -543.9 5.83 0.007 

0.004 + + 0.000 
  

-0.009 
       

10 282.9 -543.8 5.86 0.007 

 

Δ 6 AICc top model set after implementation of the model nestling rule (Richard 2011), showing the equivalent of 

Table 3 Chapter 4, but with only known age birds included. The model was subsequently run with all samples 

including minimum age birsds as age was in the global model but does not appear in the top model set here. 

Int Social 

status 

Season Start 

RTL 

Annual 

rainfall 

Status: 

start RTL 

Status: 

annual ran 

Season: 

Annual rain 

df LogLik AICc Delta 

AICc 

Weight 

0.010 + + -0.011 -0.010 + + + 13 396.85 -765.30 0.00 0.74 

0.009 + + -0.010 -0.015 +  + 12 394.26 -762.49 2.81 0.18 

0.009 +  -0.011 0.00 + +  11 392.33 -760.95 4.36 0.08 



Appendix F: Chapter 5 unabridged top model sets 

Full Δ 6 AICc top model set corresponding to Table 1 in Chapter 5, showing oxidative stress predictors of adult 

rate of change in telomere length. Estimates are given for continuous variables. Presence of factors in the model 

is noted with +. Int  = intercept

Int 
Social 
status 

Sex MDA 
start 
RTL 

SOD rTAC  
Status: 
MDA 

Status: 
start 
RTL 

Status: 
SOD 

Status: 
TAC 

Sex: 
MDA 

Sex: 
SOD 

Sex: 
TAC 

df logLik AICc delta weight 

0.002 
 

+ 
  

-0.005 
      

+ 
 

7 182.0 -348.0 0.00 0.066 

-0.001 + + 
  

-0.004 
      

+ 
 

8 183.0 -347.5 0.46 0.052 

-0.001 + + 
  

-0.003 -0.005 
   

+ 
 

+ 
 

10 185.7 -347.3 0.67 0.047 

-0.001 + + 
   

-0.006 
   

+ 
   

8 182.7 -346.9 1.10 0.038 

0.000 + + 
   

-0.011 
   

+ 
  

+ 9 184.0 -346.8 1.16 0.037 

-0.005 + 
            

5 178.8 -346.6 1.38 0.033 

-0.001 
             

4 177.5 -346.2 1.74 0.027 

-0.002 + + 
           

6 179.8 -346.1 1.88 0.026 

0.002 
 

+ 
           

5 178.4 -345.8 2.15 0.022 

0.000 + + 
  

-0.003 -0.009 
   

+ 
 

+ + 11 186.4 -345.8 2.16 0.022 

-0.005 + 
    

-0.005 
   

+ 
   

7 180.9 -345.7 2.23 0.021 

0.002 
 

+ 
 

0.001 -0.005 
      

+ 
 

8 182.1 -345.6 2.33 0.020 

-0.001 + + -0.002 
 

-0.003 -0.005 
   

+ 
 

+ 
 

11 186.3 -345.6 2.39 0.020 

0.002 
 

+ 
  

-0.005 0.001 
     

+ 
 

8 182.1 -345.6 2.39 0.020 

0.002 
 

+ -0.001 
 

-0.005 
      

+ 
 

8 182.0 -345.5 2.48 0.019 

-0.001 + + -0.001 
 

-0.004 
      

+ 
 

9 183.2 -345.2 2.80 0.016 

-0.001 + + 
  

-0.005 0.001 
     

+ 
 

9 183.2 -345.1 2.85 0.016 

-0.001 + + 
 

0.000 -0.005 
      

+ 
 

9 183.1 -344.9 3.11 0.014 

-0.001 + + 
  

-0.004 
   

+ 
  

+ 
 

9 183.0 -344.8 3.16 0.014 

-0.002 + + -0.001 
  

-0.006 
   

+ 
   

9 183.0 -344.8 3.17 0.013 

-0.005 + 
 

-0.001 
          

6 179.1 -344.7 3.29 0.013 

0.002 
 

+ 
  

-0.005 -0.003 
     

+ + 9 183.0 -344.6 3.33 0.012 

-0.001 + + 
 

0.001 -0.003 -0.005 
   

+ 
 

+ 
 

11 185.7 -344.5 3.49 0.011 

-0.002 + + -0.005 
  

-0.006 
   

+ + 
  

10 184.3 -344.5 3.51 0.011 

-0.001 + + 
  

-0.003 -0.005 
  

+ + 
 

+ 
 

11 185.7 -344.4 3.57 0.011 

-0.001 + + -0.001 
  

-0.011 
   

+ 
  

+ 10 184.2 -344.3 3.69 0.010 

-0.001 + + 
  

0.000 -0.006 
   

+ 
   

9 182.7 -344.2 3.75 0.010 

-0.005 + 
    

0.000 
       

6 178.8 -344.2 3.76 0.010 

-0.005 + 
  

0.000 
         

6 178.8 -344.2 3.77 0.010 

-0.005 + 
   

0.000 
        

6 178.8 -344.2 3.78 0.010 

-0.002 + + -0.004 
 

-0.002 -0.006 
   

+ + + 
 

12 187.1 -344.2 3.80 0.010 

-0.001 
  

-0.001 
          

5 177.6 -344.2 3.80 0.010 



Int 
Social 
status 

Sex MDA 
start 
RTL 

SOD rTAC  
Status: 
MDA 

Status: 
start 
RTL 

Status: 
SOD 

Status: 
TAC 

Sex: 
MDA 

Sex: 
SOD 

Sex: 
TAC 

df logLik AICc delta weight 

-0.001 + + 
 

0.000 
 

-0.006 
   

+ 
   

9 182.7 -344.2 3.80 0.010 

-0.001 
    

-0.001 
        

5 177.6 -344.2 3.81 0.010 

-0.001 
   

0.001 
         

5 177.6 -344.2 3.83 0.010 

-0.005 + 
 

-0.002 
  

-0.005 
   

+ 
   

8 181.3 -344.1 3.89 0.009 

0.000 + + 
  

0.000 -0.011 
   

+ 
  

+ 10 184.1 -344.1 3.90 0.009 

0.000 + + 
 

0.000 
 

-0.011 
   

+ 
  

+ 10 184.1 -344.1 3.90 0.009 

0.001 
 

+ 
   

-0.005 
      

+ 7 180.0 -344.0 3.97 0.009 

-0.001 
     

0.000 
       

5 177.5 -343.9 4.08 0.009 

-0.002 + + -0.001 
          

7 179.9 -343.9 4.09 0.008 

0.002 
 

+ 
  

-0.001 
        

6 178.6 -343.8 4.17 0.008 

-0.002 + + 
  

-0.001 
        

7 179.8 -343.7 4.31 0.008 

-0.002 + + 
   

0.001 
       

7 179.8 -343.7 4.32 0.008 

-0.002 + + 
 

-0.001 
         

7 179.8 -343.6 4.34 0.007 

-0.005 + 
 

-0.005 
   

+ 
      

7 179.8 -343.6 4.39 0.007 

-0.001 + + -0.002 
 

-0.002 -0.008 
   

+ 
 

+ + 12 186.8 -343.6 4.40 0.007 

0.002 
 

+ -0.001 
          

6 178.5 -343.6 4.42 0.007 

0.002 
 

+ 
   

0.000 
       

6 178.4 -343.4 4.56 0.007 

0.002 
 

+ 
 

0.000 
         

6 178.4 -343.4 4.57 0.007 

-0.005 + 
  

0.001 
 

-0.005 
   

+ 
   

8 181.0 -343.4 4.58 0.007 

0.002 
 

+ -0.002 
 

-0.005 
     

+ + 
 

9 182.3 -343.3 4.68 0.006 

-0.001 + + 
  

-0.004 -0.002 
     

+ + 10 183.7 -343.3 4.71 0.006 

0.002 
 

+ 
 

0.001 -0.006 0.001 
     

+ 
 

9 182.3 -343.2 4.74 0.006 

-0.005 + 
  

-0.002 
   

+ 
     

7 179.6 -343.2 4.75 0.006 

-0.002 + + -0.004 
 

-0.003 
 

+ 
    

+ 
 

10 183.6 -343.2 4.76 0.006 

-0.005 + 
   

0.000 -0.005 
   

+ 
   

8 180.9 -343.2 4.78 0.006 

-0.002 + + -0.004 
 

-0.002 -0.005 + 
  

+ 
 

+ 
 

12 186.6 -343.1 4.83 0.006 

0.000 + + 
 

0.001 -0.003 -0.009 
   

+ 
 

+ + 12 186.5 -343.1 4.91 0.006 

0.002 
 

+ -0.001 
 

-0.005 0.001 
     

+ 
 

9 182.2 -343.1 4.92 0.006 

0.002 
 

+ -0.001 0.001 -0.005 
      

+ 
 

9 182.2 -343.0 4.94 0.006 

-0.001 + + -0.004 
  

-0.010 
   

+ + 
 

+ 11 185.0 -343.0 4.97 0.005 

-0.002 + + -0.003 
 

-0.004 
     

+ + 
 

10 183.5 -343.0 5.01 0.005 

-0.001 + + 
   

-0.004 
      

+ 8 180.8 -343.0 5.02 0.005 

-0.001 + + -0.001 
 

-0.004 0.001 
     

+ 
 

10 183.5 -342.8 5.14 0.005 

0.000 + + 
  

-0.003 -0.009 
  

+ + 
 

+ + 12 186.4 -342.8 5.17 0.005 

-0.001 + + -0.002 
 

-0.003 -0.005 
  

+ + 
 

+ 
 

12 186.3 -342.6 5.38 0.004 

-0.001 + + -0.002 0.000 -0.003 -0.005 
   

+ 
 

+ 
 

12 186.3 -342.6 5.38 0.004 

-0.002 + + -0.004 
       

+ 
  

8 180.6 -342.5 5.43 0.004 

-0.002 + + -0.003 
  

-0.006 + 
  

+ 
   

10 183.2 -342.4 5.55 0.004 

-0.001 + + 
 

0.001 -0.005 0.001 
     

+ 
 

10 183.2 -342.4 5.57 0.004 

-0.001 + + -0.001 0.000 -0.004 
      

+ 
 

10 183.2 -342.4 5.58 0.004 

-0.001 + + -0.001 
 

-0.004 
   

+ 
  

+ 
 

10 183.2 -342.4 5.60 0.004 



Int 
Social 
status 

Sex MDA 
start 
RTL 

SOD rTAC  
Status: 
MDA 

Status: 
start 
RTL 

Status: 
SOD 

Status: 
TAC 

Sex: 
MDA 

Sex: 
SOD 

Sex: 
TAC 

df logLik AICc delta weight 

-0.006 + 
 

-0.004 
  

-0.005 + 
  

+ 
   

9 181.8 -342.3 5.65 0.004 

-0.001 + + 
  

-0.005 0.001 
  

+ 
  

+ 
 

10 183.2 -342.3 5.65 0.004 

0.001 
 

+ 
 

0.001 -0.005 -0.003 
     

+ + 10 183.2 -342.3 5.65 0.004 

-0.003 + + -0.007 
  

-0.006 + 
  

+ + 
  

11 184.6 -342.3 5.66 0.004 

-0.005 + 
 

-0.001 
  

0.001 
       

7 179.1 -342.3 5.68 0.004 

-0.003 + + -0.004 
   

+ 
      

8 180.4 -342.3 5.70 0.004 

-0.002 + + -0.002 
 

0.001 -0.006 
   

+ 
   

10 183.1 -342.2 5.77 0.004 

-0.005 + 
 

-0.001 0.000 
         

7 179.1 -342.2 5.79 0.004 

-0.005 + 
 

-0.001 
 

0.000 
        

7 179.1 -342.2 5.81 0.004 

-0.006 + 
  

-0.002 
 

-0.004 
 

+ 
 

+ 
   

9 181.7 -342.1 5.83 0.004 

-0.001 + + 
 

0.001 -0.005 
  

+ 
   

+ 
 

10 183.1 -342.1 5.85 0.004 

0.001 
 

+ -0.003 
       

+ 
  

7 179.0 -342.1 5.85 0.004 

-0.001 + + 
 

0.000 -0.005 
   

+ 
  

+ 
 

10 183.1 -342.1 5.91 0.003 

-0.001 
   

0.001 -0.001 
        

6 177.7 -342.0 5.94 0.003 

-0.001 + + -0.001 0.000 
 

-0.006 
   

+ 
   

10 183.1 -342.0 5.95 0.003 

-0.003 + + -0.007 
 

-0.002 -0.005 + 
  

+ + + 
 

13 187.6 -342.0 5.98 0.003 

Full Δ 6 AICc top model set corresponding to Table 3 in Chapter 5, showing models of the effects of change in 

oxidative state on adult rate of change in telomere length. Estimates are given for scaled and centred 

continuous variables. Presence of factors in the model is noted with +. Int  = intercept 

Int Sex delta 
MDA 

delta 
SOD 

delta 
TAC 

SOD Sex: 
SOD 

df logLik AICc delta weight 

0.0045 + 
   

-0.0073 + 7 118.94 -220.48 0.00 0.39 

0.0046 + 
 

-0.0026 
 

-0.0081 + 8 119.52 -218.53 1.95 0.15 

0.0009 
      

4 113.32 -217.54 2.94 0.09 

0.0046 + -0.0006 
  

-0.0075 + 8 118.97 -217.44 3.03 0.09 

0.0045 + 
  

0.0004 -0.0072 + 8 118.95 -217.40 3.08 0.08 

0.0008 
    

-0.0018 
 

5 113.63 -215.54 4.93 0.03 

0.0047 + -0.0011 -0.0028 
 

-0.0086 + 9 119.64 -215.47 5.01 0.03 

0.0027 + 
     

5 113.55 -215.39 5.09 0.03 

0.0009 
  

-0.0018 
   

5 113.54 -215.37 5.11 0.03 

0.0045 + 
 

-0.0026 0.0006 -0.0081 + 9 119.55 -215.29 5.19 0.03 

0.0009 
 

0.0011 
    

5 113.45 -215.18 5.30 0.03 

0.0009 
   

0.0005 
  

5 113.34 -214.97 5.51 0.02 


