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Table S1: Survival and senescence data in males (M, N=53) and females (F, N=58) obtained from zoo and free-ranging populations of

mammalian species. Data quality is indicated for free-ranging populations coded as factor with longitudinal (0) and transversal (1) data.

SURVIVAL AND ACTUARIAL SENESCENCE DATA
FROM ZOO POPULATIONS

SURVIVAL AND ACTUARIAL SENESCENCE DATA

FROM FREE-RANGING POPULATIONS

Number
individuals coho';tigsi;f:(l)ulszaeiﬁﬁt?lcetlife Longevity Baselir_1e sggzggr?ée Rate of Dat_a Longevity Baselir_1e sggzgzr%e Rate of WiIdNIE?é gft;é
alive at 1 table (years) mortality (years) senescence | quality  (years) mortality (years) senescence references
year of age

Species Order M F M F M F M F M F M F M F M F M F M F
Acinonyx jubatus Carnivora 739 725 1968-2000 1973-2000 14 14 0.042 0.036 2 2 0.103 0.107 0 4 11 0.400 0.100 2 2 0.407 0.044 124, 160; 1
Aepyceros melampus Avrtiodactyla 310 593 1962-2001 1961-1999 10 14 0.171 0.059 7 4 0.104 0.090 1 9 9 0.038 0.045 2 2 0.200 0.168 334, 116; 2
Alces alces Artiodactyla 101 132 1952-1994  1929-1997 11 12 0.102 0.087 5 3 0.090 0.042 0 10 17 0.129 0.047 29 0.052 0.163 288,532; 3
Antilocapra americana Avrtiodactyla 160 230 1911-1996 1911-2000 9 10 0.163 0.168 7 2 0.130 0.024 0 11 15 0.025 0.011 2 2 0.189 0.119 840, 840; 4
Arctocephalus pusillus Carnivora 36 28 1964-1995 1962-1993 14 20  0.045 0.048 5 4 0.124 0.057 1 NA 15 NA 0.040 NA 6 NA 0.143 66; 5
Bos gaurus Avrtiodactyla 110 121 1940-1999 1942-1994 15 18 0.043 0.046 7 6 0.082 0.062 1 10 17 0.031 0.050 3 6 0.203 0.067 72,58; 6
Bos javanicus Avrtiodactyla 96 113 1951-1999 1950-1994 14 19 0.071 0.049 4 3 0.058 0.041 1 NA 12 NA 0050 NA 10 NA NA 98; 7
Capra aegagrus Avrtiodactyla 131 192 1966-2000 1966-1997 12 13 0.065 0.058 3 3 0.069 0.086 1 9 11 0.213 0.073 5 4 0.043 0.064 106, 159; 8
Capra ibex Artiodactyla 183 290 1926-1997 1928-1997 14 15  0.074 0.059 6 5 0.098 0.058 0 15 20 0.012 0.018 4 4 0.174 0.043 215,117;9
Capreolus capreolus Avrtiodactyla 75 101 1953-2003 1964-2003 8 10 0.188 0.131 6 3 0.318 0.058 0 10 14 0.121 0.036 4 3 0.106 0.089 829, 834; 10
Castor canadensis Rodentia 82 79 1934-1994  1954-1995 16 17  0.092 0.089 4 6 0.025 0.055 1 6 7 0.280 0.211 2 5 NA 0.043 362, 249; 11
Cebus capucinus Primates 31 33 1921-1997 1925-1992 11 13 0.246 0.115 8 5 0.086 0.065 0 14 26 0.008 0.009 10 19 0.615 0.165 98, 194; 12
Cercopithecus mitis Primates 25 25 1964-1996 1967-1992 11 12 0.151 0.106 5 5 0.083 0.085 0 19 30 0.008 0.019 11 9 0.011 0.058 128, 58; 12
Cervus canadensis Avrtiodactyla 299 478 1920-1997 1920-1992 16 19 0.079 0.042 5 4 0.049 0.056 1 6 13 0.297 0.091 3 9 0.060 0.219 **: 13-15
Cervus elaphus Artiodactyla 230 382 1904-1997 1905-1993 14 16  0.081 0.042 6 4 0.080 0.078 0 13 17 0.023 0.031 5 3 0.221 0.095 767, 738; 16
Cervus eldii Avrtiodactyla 272 316 1909-2000 1906-1998 14 17 0.071 0.043 3 8 0.082 0.128 0 9 9 0.043 0.191 2 2 0.109 0.056 47, 49; 17
Cervus nippon Avrtiodactyla 550 774 1906-1995 1905-1994 13 17 0.132 0.062 6 3 0.032 0.042 0 12 14 0.021 0.015 4 4 0.148 0.161 149, 127; 18
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NA
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0.216
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NA
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NA
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0.182
0.077
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0.309
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NA
0.082
0.089
0.434
NA
0.224
0.218
0.036
NA
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NA
0.125
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NA
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NA
0.019
0.037
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**, 27
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184; 31
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133, 65; 39
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**: 43
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Ovis canadensis

Pan troglodytes
Panthera leo

Pecari tajacu

Rangifer tarandus
Rupicapra rupicapra

Sus scrofa

Syncerus caffer
Theropithecus gelada
Tragelaphus strepsiceros
Tupaia glis

Urocyon cinereoargenteus
Vulpes vulpes

Zalophus californianus

Avrtiodactyla
Primates
Carnivora
Avrtiodactyla
Avrtiodactyla
Avrtiodactyla
Avrtiodactyla
Avrtiodactyla
Primates
Avrtiodactyla
Scandentia
Carnivora
Carnivora

Carnivora

Species included for visual comparison only:

Elephas maximus

Loxodonta africana

Hippopotamus amphibiust{

Proboscidea
Proboscidea

Avrtiodactyla
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391
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25
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295
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47
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37
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14
23
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14

13
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25

60
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0.029
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12
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0.006
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0.075
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0.086
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0.087
0.107
0.072
0.074
0.072
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0.155

0.057

0.014

0.025

0.027

36

11
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16

10

1.7
NA
35

15

39

14
44

14

12
10
14
11
13

1.8

18

63
71

0.133
0.019
0.022
0.306
0.212
0.048
0.270
0.030
0.123
0.197
0.035

NA
0.010

0.075

0.071
0.015
0.073
NA

0.064
0.068
0.159
0.075
0.119
0.028
0.043
0.228
0.025

0.018

0.010

0.009

0.017

18

0.5
NA

3.1

13

16

NA

0.3
5.0
13

28
21

0.115
0.054
0.283
0.016
0.173
0.117
0.026
0.120
0.208
0.128
0.916

NA
2.598

0.055

0.083
0.030
0.096

NA
0.158
0.083
0.042
0.138
0.136
0.167
0.365
0.181
0.204

0.164

0.026

0.023

0.026

404, 402; 48
122, 144; 12
**: 49

*%: 50

228, 160; 51,52
508, 359; 53
930, 853; 54
172, 100; 2,22,55
301, 354; 56
**, 57

**: 58

**, 59

336, 249; 60

96, 94; 61

2905; 62+
1089; 63

207; 64

* number of individuals included in life table for males and females respectively; ** the number of individuals included in life table is unknown and arbitrarily fixed to 100 per sex

T data from work-camp elephants ; 17 data for both sexes combined (because data for free-ranging animals not separated by sex)




Table S2: Data on age at sexual maturity and mean sex-specific adult body mass (BM) of the
mammalian species included in the analyses. Age at sexual maturity was obtained from De

Magalhdes and Costa (2009).

Age at se_xual Mean adult body Reference
maturity mass (kg) for mean adult
(years) body mass

Species Order males females males females
Acinonyx jubatus Carnivora 125 1.25 423 379 65
Aepyceros melampus Artiodactyla 1.08 1.25 56.9 43.8 66
Alces alces Artiodactyla 168 2.06 24145 187.16 67
Antilocapra americana Artiodactyla 15 15 54 454 68
Arctocephalus pusillus Carnivora 45 3.49 321 95 69
Bos gaurus Artiodactyla 151 1.62 880 590 68
Bos javanicus Artiodactyla 22 750 450 70
Capra aegagrus Artiodactyla 1.88 1.11 33.8 20.125 68
Capra ibex Artiodactyla 344 218 805 48.9 66
Capreolus capreolus Artiodactyla 1.79 113 28 26.5 n
Castor canadensis Rodentia 1.75 1.75 36.6 36.4 2
Cebus capucinus Primates 8 4.12 3.23 2.28 12
Cercopithecus mitis Primates 458 458 6.8 4.2 12
Cervus canadensis Artiodactyla 2 233 312 238.667 &
Cervus elaphus Artiodactyla 2 233 250 125 n
Cervus eldii Artiodactyla 139 1.39 105 67 n
Cervus nippon Artiodactyla 1.37 1.37 52 37 n
Connochaetes taurinus Artiodactyla 25 113 235.3 1849 66
Crocuta crocuta Carnivora 189 3 80.2 73.6 2
Dama dama Artiodactyla 1.39 1.33 67 44 n
Damaliscus korrigum Artiodactyla 1.75 1.75 137 120.1 70
Equus burchellii Perissodactyla 2.46 2.46 250 220 "
Erythrocebus patas Primates 3.83 2.62 10 5.6 &
Helogale parvula Carnivora 1.25 1.25 0.221 0.201 2
Hemitragus jemlahicus Artiodactyla 2 15 103.3 56 66
Kobus ellipsiprymnus Artiodactyla 211 211 231 174 &
Kobus kob Artiodactyla 111 975 619 66
Kobus leche Artiodactyla 2.87 2.46 104.3 78.7 66
Lutra lutra Carnivora 15 15 103 74 [
Lycaon pictus Carnivora 1.75 1.75 21.8 223 7
Lynx rufus Carnivora 21 12 9 &
Macaca fascicularis Primates 4.23 3.39 5.9 41 &
Macaca mulatta Primates 549 3.37 6.2 3 =
Macropus agilis Diprotodontia 1.16 1 19 11 ;Z

Meles meles Carnivora 11 11.6 10



76

Mephitis mephitis Carnivora 0.92 0.92 26 2

Muscardinus avellanarius Rodentia 0.92 0.92 0.033 0.033 [
Mustela erminea Carnivora 1 0.26 0.321 0.213 7
Mustela putorius Carnivora 0.88 0.85 0.987 0.623 7
Mustela vison Carnivora 1.02 091 1.25 09 [
Nyctereutes procyonoides Carnivora 0.83 0.83 347 3.8 "
Odocoileus hemionus Artiodactyla 1.38 1.31 1125 555 n
Odocoileus virginianus Artiodactyla 1.14 0.85 1545 68.5 &
Oryctolagus cuniculus Lagomorpha 2 2 1.57 1.59 7
Ovis aries Artiodactyla 25 15 26 20 &
Ovis canadensis Artiodactyla 2.05 1.94 100 57.9 2
Pan troglodytes Primates 7.99 9.24 39 313 12
Panthera leo Carnivora 33 190 126 &
Pecari tajacu Artiodactyla 0.98 0.9 20 22 2
Rangifer tarandus Artiodactyla 1.86 1.81 106.5 76 n
Rupicapra rupicapra Artiodactyla 1.83 1.85 40.3 317 66
Sus scrofa Artiodactyla 019 091 9 70 7
Syncerus caffer Artiodactyla 458 4.04 642.9 467.5 66
Theropithecus gelada Primates 6 3.81 20.5 13.6 &
Tragelaphus strepsiceros Artiodactyla 142 1.42 240.8 159.2 66
Tupaia glis Scandentia 0.25 0.25 0.112 0.123 1
Urocyon cinereoargenteus  Carnivora 1 094 44 401 2
Vulpes vulpes Carnivora 0.83 0.83 5.85 5.2 [
Zalophus californianus Carnivora 53 3925 110.6 6
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Table S3: Model selection (model retained in bold) for each survival and actuarial senescence
metric for the effect of data quality and body mass. P-values in bold indicate a statistically

significant difference between competing models. A G-test was performed in each case.

N species  Models compared p-value

Longevity Males 53 full model vs. model 2 0.221
model 2 vs. model 3 0.015

Females 58 full model vs. model 2 0.104

model 2 vs. model 3 0.003

Baseline mortality Males 51 full model vs. model 2 0.533
model 2 vs. model 3 0.009

Females 56 full model vs. model 2 0.515

model 2 vs. model 3 0.016

Onset of senescence  Males 51 full model vs. model 2 0.602
model 2 vs. model 3 0.002

Females 56 full model vs. model 2 0.482

model 2 vs. model 3 0.091

Rate of senescence Males 45 full model vs. model 2 0.728
model 2 vs. model 3 0.199

Females 48 full model vs. model 2 0.591

model 2 vs. model 3 0.078

full model: Zoo ~ Wild + Body mass + Wild*Data quality
model 2: Zoo ~Wild + Body mass
model 3: Zoo ~Wild




Table S4: Parameter estimates from the selected model to assess the effect of data quality and body

mass on the relationship between zoo and wild values of survival and actuarial senescence for 59

mammalian species.

Sex Method Variables B 95%ClI t Adjusted-R? Iy 95%ClI

Longevity Males PGLS Intercept 0.820 0.646;0.993  9.26 0.45 0.657 0.281;0.922
53 species wild 0.140 -0.008;0.288  1.85
Body mass  0.109 0.064;0.153  4.78

Females PGLS Intercept 1.023 0.765;1.282  7.75 0.28 0.989 0.593;1
58 species wild -0.066 -0.196;0.064 -1.00
Body mass 0.123  0.072;0.174 4.72

Baseline mortality ~ Males PGLS Intercept -0.636 -1.207;-0.064 -2.18 >0.999 0.405;1
51 species wild -0.001 -0.039;0.038 -0.03
Body mass -0.201 -0.304;-0.098 -3.83

Females PGLS Intercept -0.816 -1.273;-0.359 -3.50 0.992 0.760;1
56 species wild -0.028 -0.112;0.056 -0.65
Body mass -0.167 -0.250;-0.083 -3.91

Onset of senescence  Males LM Intercept 0.217 0.104;,0.329  3.78 0.54 <0.001 0;0.524
51 species wild 0.390 0.207;,0.574 4.17
Body mass  0.135 0.080;0.191  4.76

Females LM Intercept 0.489 0.196;0.782 3.27 0.14 0.325 0;0.754
56 species wild 0.327 0.123;0532 3.14

Rate of senescence ~ Males LM Intercept -0.946 -1.130;-0.762 -10.06 0.06 0.412 0;0.954
45 species Wild 0.186 0.001;0.372  1.97

Females LM Intercept -1.137 -1.326;-0.949 -11.82 -0.02 0.483 0;0.872
48 species Wild 0.005 -0.178;0.188  0.06




Table S5: Parameter estimates from the selected model to assess the relationship between zoo and
wild values of survival and senescence for 59 mammalian species. Survival and actuarial
senescence metric of captive ruminants are corrected for the percentage of grass in species’ natural

diet. Estimates obtained from models with or without the correction for captive ruminant species

are similar.
Sex Method Variables B 95%ClI t Adjusted-R? Iy 95%ClI
Longevity Males PGLS Intercept 0.816 0.617;1.014  8.06 0.40 0.677 0.265;0.961
53 species Wwild 0.138  -0.029;0.305 1.62
Body mass  0.113 0.062;0.163  4.39
Females PGLS Intercept 1.082 0.776;1.388 6.93 0.43 >0.999 0.889;1
58 species Wwild -0.162 -0.279;-0.004 -2.70
Body mass  0.158 0.111;0.205 6.56
Baseline mortality ~ Males PGLS Intercept -0.833 -1.501;-0.165 -2.45 >0.999 0.875;1
51 species
Females  PGLS Intercept -0.928 -1.527;-0.329 -3.04 >0.999 0.984;1
56 species
Onset of senescence  Males LM Intercept 0.217 0.105;0.329 3.79 0.54 <0.001 0;0.531
51 species Wwild 0.389 0.206;0.572  4.17
Body mass 0.135 0.080;0.191 4,78
Females  PGLS Intercept 0.489 0.193;0.786  3.23 0.525 0.069;0.851
56 species
Rate of senescence ~ Males LM Intercept -1.101  -1.190;-1.013 -24.30 0.565 0;0.983
45 species
Females  PGLS Intercept -1.120 -1.232;-1.009 -19.73 0.373 0.006;0.794

48 species




Fig. S1. Phylogenetic tree built on the 59 mammalian species analyzed
(based on Bininda-Emonds (2007, 2008)'s phylogenetic super-tree)
according to species-specific mean adult body mass (in kg).
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Figure S2. Onset of senescence in free-ranging and zoo conditions for males (triangles) and females (circles) of each species of
Artiodactyla, Carnivora, Primates and other orders (Diprotodontia, Lagomorpha, Perissodactyla, Rodentia and Scandentia).
Species senescing later in zoos are indicated with solid lines and species senescing earlier in zoos are indicated with dotted lines.
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Figure S3. Baseline annual mortality in free-ranging and zoo conditions for males (triangles) and females (circles) of each
species of Artiodactyla, Carnivora, Primates and other orders (Diprotodontia, Lagomorpha, Perissodactyla, Rodentia and
Scandentia). Species having a lower baseline mortality in zoos are indicated with solid lines and species having a higher

baseline mortality in zoos are indicated with dotted lines.
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Figure S4. Rate of senescence in free-ranging and zoo conditions for males (triangles) and females (circles) of each species of
Artiodactyla, Carnivora, Primates and other orders (Diprotodontia, Lagomorpha, Perissodactyla, Rodentia and Scandentia).
Species senescing slower in zoos are indicated with solid lines and species senescing faster in zoos are indicated with dotted lines.
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