Supplementary material 2: Supplementary tables

Table S1. Models describing the relationship between age and breeding success in three species of
albatrosses breeding at Bird Island, South Georgia. Tables show null models (ID: random intercept for
individual; Year + ID: random intercepts for year and individual; Age: fixed linear covariate for age
plus random intercepts for year and individual), and the top model set (where AAIC<2 compared to the
model with the lowest AIC score, see Methods), ordered by AIC. Numbers shown in the Model column
indicate the threshold values fitted.

Black-browed albatross

Males Females
Model AIC AAIC Model AIC AAIC Model AIC AAIC
18 2760.04 0.00 23 1850.44 0.00 2426 1852.28 1.84
1518 2760.40 0.37 22 1850.63 0.19 2326 1852.30 1.86
19 2760.53 0.50 21 1851.01 0.57 2128 1852.31 1.88
20 2760.91 0.87 Age? 1851.05 0.61 2029 1852.32 1.88
1418 2760.95 0.92 24 1851.08 0.64 2125 1852.35 1.91
16 18 2760.97 0.93 20 1851.27 0.84 2026 1852.35 1.91
1318 2761.50 1.47 2024 1851.81 1.37 2027 1852.37 1.93
1825 2761.59 1.55 1323 1851.82 1.39 25 1852.37 1.94
1218 2761.73 1.69 1523 1851.84 1.40 2327 1852.38 1.94
1826 2761.77 1.73 1924 1851.84 1.40 2228 1852.38 1.95
1824 2761.78 1.74 1423 1851.87 1.43 2325 1852.41 1.97
1827 2761.84 1.80 1823 1851.87 1.43 2224 1852.42 1.98
17 2761.86 1.82 1824 1851.89 1.45 2328 1852.42 1.99
1823 2761.86 1.82 1923 1851.89 1.45 2332 1852.43 2.00
1828 2761.93 1.89 2023 1851.90 1.47 2329 1852.44 2.00
1821 2761.94 1.90 1723 1851.92 1.48 2330 1852.44 2.00
1820 2761.95 1.92 2025 1851.94 1.50 2331 1852.44 2.00
1829 2761.98 1.94 2028 1852.01 1.57 Age 1867.80 17.36
21 2761.98 1.94 16 23 1852.01 1.57 Year+ID 1870.61 20.17
1830 2761.99 1.95 17 24 1852.02 1.59 ID 1962.35 111.91
1822 2762.01 1.97 1524 1852.06 1.63
1831 2762.03 1.99 1925 1852.09 1.65
1833 2762.04 2.00 1424 1852.18 1.74
1118 2762.04 2.00 1324 1852.19 1.75
1832 2762.04 2.00 1624 1852.22 1.78
Age 2777.98 17.94 2124 1852.23 1.79
Year+ID 2793.31 33.27 2123 1852.24 1.81

ID 2993.22 233.18 1825 1852.26 1.82




Grey-headed albatross

Males Females
Model AIC AAIC Model AIC AAIC Model AIC AAIC
2427 2718.56 0.00 26 2680.61 0.00 26 33 2682.50 1.89
22 2718.78 0.23 25 2680.64 0.03 2629 2682.51 1.90
2327 271893 0.37 2643 2680.66 0.05 2628 2682.51 1.90
2426 2719.14 0.58 27 2680.74 0.13 2630 2682.53 1.92
23 2719.39 0.84 2127 2680.83 0.22 2430 2682.53 1.92
21  2719.46 0.90 2843 2680.94 0.33 2029 2682.55 1.94
2332 271947 0.92 2128 2681.05 0.44 2632 2682.56 1.95
2232 2719.51 0.96 2227 2681.21 0.60 2334 2682.57 1.96
2233 2719.53 0.98 2543 2681.26 0.65 26 37 2682.57 1.96
2333 2719.55 0.99 2027 2681.40 0.79 2641 2682.58 1.97
2227 2719.56 1.01 2228 2681.40 0.79 2631 2682.59 1.98
2326 2719.57 1.01 2129 2681.44 0.83 2640 2682.60 1.99
2241 2719.73 1.18 2327 2681.49 0.88 2639 2682.60 1.99
2234 2719.80 1.24 2328 2681.62 1.01 2638 2682.60 1.99
2231 2719.87 1.31 2229 2681.71 1.10 Year+ID 2740.59 59.98
2240 2719.87 1.32 2329 2681.83 1.21 Age 2741.50 60.88
2242 2719.89 1.33 2028 2681.88 1.26 ID 2996.82 316.21
2331 2719.90 1.34 2534 2681.94 1.33
2328 2719.91 1.35 2427 2681.98 1.37
2334 2719.93 1.38 2642 2681.99 1.37
2329 2719.95 1.39 2527 2681.99 1.38
2229 2720.01 1.45 2535 2682.00 1.39
2341 2720.01 1.45 2528 2682.01 1.40
2228 2720.04 1.49 2529 2682.02 1.41
2226 2720.06 1.50 2530 2682.10 1.49
2325 2720.09 1.53 2536 2682.11 1.50
2230 2720.12 1.56 2428 2682.12 1.51
2527 2720.13 1.57 2533 2682.14 1.52
2340 2720.16 1.60 2130 2682.14 1.52
2235 2720.16 1.61 2330 2682.21 1.60
2239 2720.16 1.61 2532 2682.24 1.63
2432 2720.16 1.61 2429 2682.27 1.66
2330 2720.20 1.64 2230 2682.27 1.66
2342 2720.22 1.66 2531 2682.30 1.69
2433 2720.30 1.74 28 2682.32 1.71
2238 2720.32 1.76 24 2682.34 1.73
2236 2720.36 1.80 2542 2682.34 1.73
2428 2720.37 1.82 1927 2682.36 1.75
2237 272037 1.82 2537 2682.37 1.76
2225 2720.40 1.85 2634 2682.38 1.77
2335 2720.42 1.87 2635 2682.40 1.79
2339 2720.49 1.93 2943 2682.40 1.79
2429 2720.54 1.99 2636 2682.45 1.84
Year+ID 2734.61 16.05 2538 2682.47 1.86
Age 2736.43 17.88 2539 2682.48 1.87
ID 3058.22 339.66 2540 2682.50 1.89




Wandering albatross

Males Females
Model AIC AAIC Model AIC AAIC Model AIC AAIC
18 2841.96 0.00 1822 2843.64 1.68 14 2837.06 0.00
20 2842.04 0.07 2023 2843.65 1.68 15 2837.69 0.64
1220 2842.16 0.20 1422 2843.66 1.70 1526 2838.63 1.57
19 2842.18 0.21 1225 2843.67 1.71 1527 2838.66 1.60
1221 2842.40 0.44 1226 2843.69 1.72 1427 2838.71 1.65
1222 2842.59 0.63 1821 2843.70 1.73 1426 2838.73 1.67
Age? 2842.86 0.89 1223 2843.72 1.75 1416 2838.78 1.72
21 2843.06 1.10 1620 2843.74 1.78 1417 2838.80 1.75
1520 2843.08 1.12 1322 2843.76 1.80 1428 2838.84 1.79
1320 2843.18 1.22 1835 2843.76 1.80 1425 2838.91 1.85
1527 2843.20 1.23 1824 2843.80 1.83 1525 2838.93 1.88
1521 2843.21 1.24 1927 2843.80 1.84 1418 2838.94 1.88
1827 2843.22 1.25 1929 2843.82 1.85 1528 2838.96 1.91
1522 2843.22 1.26 1720 2843.83 1.86 1429 2838.98 1.93
1420 2843.25 1.29 1928 2843.84 1.88 1419 2839.00 1.94
1829 2843.28 1.31 2024 2843.84 1.88 1424 2839.02 1.97
1828 2843.28 1.32 1823 2843.84 1.88 1423  2839.05 1.99
1526 2843.41 1.45 1727 2843.87 1.91 1420 2839.05 1.99
1826 2843.42 1.45 1931 2843.90 1.93 1434 2839.05 2.00
1831 2843.42 1.46 1523 2843.90 1.93 1430 2839.05 2.00
1830 2843.45 1.48 2022 2843.91 1.95 1431 2839.06 2.00
1528 2843.47 1.51 2029 2843.93 1.97 1422 2839.06 2.00
17 2843.48 1.51 1930 2843.93 1.97 1433 2839.06 2.00
1833 2843.50 1.54 1933 2843.93 1.97 1421 2839.06 2.00
1421 2843.52 1.55 2123 2843.94 1.98 1435 2839.06 2.00
1321 2843.52 1.56 1524 2843.94 1.98 Year+ID 2881.80 44.74
1525 2843.55 1.58 2027 2843.95 1.99 Age 2883.26 46.20
1825 2843.56 1.60 2031 2843.95 1.99 ID 2951.97 114.91
1832 2843.59 1.62 2028 2843.96 1.99
1227 2843.60 1.63 2033 2843.96 1.99
1529 2843.61 1.64 Year+ID 2862.23 20.27
1834 2843.63 1.66 Age 2862.60 20.64
1820 2843.63 1.67 ID 2920.69 78.73




Table S2. The best single threshold models describing the relationship between age and breeding success, estimated using GLMMs with year and bird ID as
random effects. The best threshold is shown in bold, with 95% confidence intervals. The estimates, standard error (S.E.) and significance of the regression

slopes before and after the threshold break point are indicated.

Threshold Before threshold After threshold

n age lower CI upper CI Estimate S.E. p-value Estimate S.E. p-value
< Males 2273 18 16.6 21.4 0.113 0.020 <0.001 -0.011 0.013 0.410
[an)
@ Females 1521 23 18.7 25.3 0.104 0.022 <0.001 -0.059 0.023 0.010
< Males 2267 22 19.5 24.4 0.093 0.023 <0.001 -0.049 0.013 <0.001
T
O Females 2225 26 23.2 28.4 0.106 0.017 <0.001 -0.130 0.018 <0.001
« Males 2255 18 14.9 22.2 0.095 0.019 <0.001 -0.041 0.013 0.001
=

Females 2260 14 13.5 16.2 0.210 0.031 <0.001 -0.040 0.009 <0.001




Table S3. Models of breeding success estimated using GLMMs with year, male ID and female ID included as random effects. For each species, the best single
threshold age functions for both males and females were included (T1). The effect of removing the male or female age term on the model AIC is shown (AAIC).
The estimates, standard error (S.E.) and significance of the regression slopes before and after the threshold break point are indicated for both the male and

female age functions. Statistically significant terms are highlighted in bold.

Male age term Female age term

n T1 AAIC Estimate S.E. p-value T1 AAIC Estimate S.E. p-value
< 944 18 7.271 before T1 0.117 0.036 0.001 23 -1.638  before T1 0.051 0.030 0.097
[an)
@ after T1 -0.014 0.034 0.679 after T1 -0.047 0.040 0.242
< 881 22 -2.680  before T1 0.034 0.045 0.443 26 11.394 before T1 0.099 0.035 0.005
T
© after T1 -0.026 0.026 0.328 after T1 -0.145 0.041 <0.001
« 1561 18 -3.357  before T1 0.020 0.034 0.554 14 16.597 before T1 0.212 0.049 <0.001
=

after T1 -0.15 0.021 0.487 after T1 -0.043 0.018 0.018




Table S4. Estimated fixed effects (estimate (Est.) and standard error (S.E.)) from GLMMs of breeding success for a) males; and b) females during early
adulthood. Data for all three species were included in a single model for each sex, and the interaction between species and each of the three age terms tested.
Both models included year and bird ID as random effects. Estimates for the main effects are for BBA, and the interaction terms show the effects for GHA and
WA relative to BBA. The effect of removing each interaction on the model AIC is shown (AAIC). Positive AAIC values indicate that the term improved model

fit, and those interactions whose removal increased AlIC by >2 are highlighted in bold.

a) Males n=2823 b) Females n=2585
Est. S.E. AAIC Est. S.E. AAIC
" Species: GHA 0.736 0.971 1.798 1.036
§  Species: WA 1.880  0.818 2505  0.837
:l:) Years since first bred 0.172 0.037 0.170 0.035
& Ageatfirst repro -0.046  0.065 0.097 0.052
First breeding attempt -0.042 0.269 -0.495 0.351
Years since first bred * Species GHA -0.126 0.055 5.769 -0.126 0.045 4.778
" Years since first bred * Species WA -0.148 0.050 -0.040 0.049
c
-% Age at first repro * Species GHA 0.019 0.083 -3.228 -0.102 0.077 -2.188
S Age at first repro * Species WA 0.063 0.080 -0.034 0.071
€
- First breeding attempt * Species GHA -0.326 0.397 1.613 -0.217 0.462 -3.210

First breeding attempt * Species WA -0.774 0.334 0.099 0.398




Table S5. Estimated fixed effects (estimate (Est.) and standard error (S.E.)) from GLMMs of breeding success for a) males; and b) females during late adulthood.
Data for all three species were included in a single model for each sex, and the interaction between species and each of the three age terms tested. Both models
included year and bird 1D as random effects. Estimates for the main effects are for BBA, and the interaction terms show the effects for GHA and WA relative
to BBA. The effect of removing each interaction on the model AIC is shown (AAIC). Positive AAIC values indicate that the term improved model fit, and those

interactions whose removal increased AIC by >2 are highlighted in bold.

a) Males n=2004 b) Females n=1387
Est. S.E. AAIC Est. S.E. AAIC
43 Species: GHA 0.974 0.895 -0.773 1.721
L Species: WA 0.599 0.806 -2.453 1.577
;1:’ Years before death 0.078 0.033 0.087 0.061
'© Age at last repro -0.052 0.025 -0.144 0.050
= Last breeding attempt -0.090 0.332 0.069 0.539
Years before death * Species GHA 0.014 0.037 -3.834 0.096 0.065 4.315
o Years before death * Species WA 0.007 0.040 -0.013 0.066
'% Age at last repro * Species GHA -0.016 0.030 -1.593 0.035 0.055 4.896
g Age at last repro * Species WA 0.021 0.029 0.116 0.053
= Last breeding attempt * Species GHA 0.846 0.412 0.405 0.708 0.617 -2.479

Last breeding attempt * Species WA 0.667 0.404 0.707 0.602




Table S6. Estimated fixed effects (estimate (Est.) and standard error (S.E.)) from GLMMs of breeding success for birds during late adulthood, accounting for
the effects of partner change. All models included year and bird ID as random effects. The effect of removing each parameter on the model AIC is shown

(AAIC). Positive AAIC values indicate that the term improved model fit, and those parameters whose removal increased AIC by >2 are highlighted in bold.

Years before death Age at last repro Last breeding attempt Partner change

n Est. S.E. AAIC Est. S.E. AAIC Est. S.E. AAIC Est. S.E. AAIC
< Males 441 0.069 0.036 1.672 -0.030 0.023 -0.241 -0.091 0.348 -1.933 -0.204 0.321  -1.598
[an)
@ Females 172 0.030 0.028 -1.828 -0.109 0.063  0.940 -0.060 0.618 -1.990 -0.894 0.690 -0.150
<« Males 817 0.093 0.028 9.287 -0.065 0.024 5.369 0.828 0.274 7.014 -0.312 0.254  -0.506
T
O Females 570 0.204 0.049 17.084 -0.108 0.042 4.802 0.991 0.374 5.154 0.301 0.333 -1.185
< Males 711 0.077 0.026 7.286 -0.031 0.017 1.257 0.540 0.235 3.308 -0.137 0.354 -1.850
=

Females 575 0.068 0.026 5.210 -0.025 0.017 -0.047 0.695 0.260 5.272 -0.581 0.301 1.796




Table S7. Estimated fixed effects (estimate (Est.) and standard error (S.E.)) from GLMMs of breeding success for birds during late adulthood, accounting for
the number of years since the bird last bred, the outcome of the previous breeding attempt, and the interaction between these terms. All models included year
and bird ID as random effects. The effect of removing each parameter on the model AIC is shown (AAIC). Positive AAIC values indicate that the term improved

model fit, and those parameters whose removal increased AIC by >2 are highlighted in bold.

Years before death Age at last repro Last breeding attempt

n Est. S.E. AAIC Est. S.E. AAIC Est. S.E. AAIC
< Males 436 0.067 0.037 1.252 -0.025 0.023 -0.839 -0.214 0.359 -1.648
o
@ Females 169 0.007 0.073  -1.992 -0.088 0.064 -0.230 -0.238 0.638 -1.859
<« Males 812 0.086 0.028 7.447 -0.062 0.024 4.789 0.809 0.274 6.628
T
O Females 570 0.189 0.048 14.812 -0.100 0.041 4.156 1.005 0.368 5.610
< Males 594 0.086 0.028 7.878 -0.033 0.015 2.479 0.564 0.251 3.071
=

Females 498 0.054 0.028 1.923 -0.029 0.017 0.848 0.754 0.276 5.607




