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Comparative analyses of longevity 
and senescence reveal variable 
survival benefits of living in zoos 
across mammals
Morgane Tidière1, Jean-Michel Gaillard1, Vérane Berger1, Dennis W. H. Müller2, 
Laurie Bingaman Lackey3, Olivier Gimenez4, Marcus Clauss5 & Jean-François Lemaître1

While it is commonly believed that animals live longer in zoos than in the wild, this assumption 
has rarely been tested. We compared four survival metrics (longevity, baseline mortality, onset of 
senescence and rate of senescence) between both sexes of free-ranging and zoo populations of more 
than 50 mammal species. We found that mammals from zoo populations generally lived longer than 
their wild counterparts (84% of species). The effect was most notable in species with a faster pace of 
life (i.e. a short life span, high reproductive rate and high mortality in the wild) because zoos evidently 
offer protection against a number of relevant conditions like predation, intraspecific competition 
and diseases. Species with a slower pace of life (i.e. a long life span, low reproduction rate and low 
mortality in the wild) benefit less from captivity in terms of longevity; in such species, there is probably 
less potential for a reduction in mortality. These findings provide a first general explanation about the 
different magnitude of zoo environment benefits among mammalian species, and thereby highlight 
the effort that is needed to improve captive conditions for slow-living species that are particularly 
susceptible to extinction in the wild.

Zoological gardens represent arti!cial environments in which animals are maintained, bred and displayed. By 
doing so, zoos achieve a diversity of goals beyond their visitors’ recreation: basic zoological and conservation 
education reaches 700 million visitors per year all over the world1. Continuing research and expertise building by 
many thousands of zoo sta" worldwide continuously improves knowledge of animal, population and ecosystem  
management. Zoos also aim to maintain viable ex situ insurance populations of endangered species that can 
be used for re-introduction to the wild2,3. Zoo sta" manages and generates funding for in situ conservation  
projects1,4. Finally, zoos facilitate opportunities for researchers to increase expertise in a large variety of areas, 
from basic zoology to applied husbandry and molecular biology.

When assessing the justi!cation of holding nondomestic species in zoos, the welfare of the individual animals 
housed in captivity is a critical ethical issue that has to be weighed against these aims5. #ere is no single proxy 
to measure the welfare of animals. Indicators typically employed include measures of survival (such as longevity, 
annual survival, or ageing rate), reproduction (such as fertility or litter size), physiology (such as stress hormones 
or the occurrence of speci!c diseases) and behavior (such as stereotypies)5,6. It is typically believed that zoo ani-
mals live longer than their free-ranging conspeci!cs due to the consistent provision of food, water, and shelter 
from harsh climates, the absence of predation and management to minimize violent intraspeci!c encounters and 
accidents, as well as veterinary prophylactic and therapeutic intervention. However, zoo animals may be subject to 
behavioral de!cits6. While an increasing number of comparative studies have demonstrated species-speci!c dif-
ferences in the response to zoo-conditions7–9, and a few species-speci!c comparisons of survival metrics between 
free-ranging and captive specimens have been published10,11, large-scale inter-speci!c comparisons of captive and 
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Zoo carnivores live … longer

Figure S2: Longevity in free-ranging and zoo conditions for males EtrianglesO and females EcirclesO of each species of 
Artiodactylaj Carnivoraj Primates and other EDiprotodontiaj Lagomorphaj Perissodactylaj Rodentia and ScandantiaO 
ordersK Species living longer in zoo are indicated with solid line while others are indicated with dotted lineK
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Comparative assessments: which parameters?
(i) Mortality of certain life stages (neonate, age at weaning, age at sexual 
maturity) or at arbitrary setpoints (1 week, 1 month, 1 year) – but keep 
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(ii) Average life expectancy / average longevity – in relation to maximum 
longevity

Rank Species Maximum longevity Average longevity
x
1 1 Red deer 27.0 13.4
2 1 European bison 27.0 12.7
3 4 Fallow deer 25.4 10.5
4 5 Sika deer 25.0 10.0
5 6 Ibex 20.4 9.2
6 7 Roe deer 17.0 7.9
7 1 Moose 27.0 7.3



Comparative assessments: which parameters?
(i) Mortality of certain life stages (neonate, age at weaning, age at sexual 
maturity) or at arbitrary setpoints (1 week, 1 month, 1 year) – but keep 
species-specific differences in mind

(ii) Average life expectancy / average longevity – in relation to maximum 
longevity

Rank Species Maximum longevity Average longevity / max                      
x
1 1 1 Red deer 27.0 13.4 0.50
2 2 1 European bison 27.0 12.7 0.47
2 6 7 Roe deer 17.0 7.9 0.47
3 5 6 Ibex 20.4 9.2 0.45
4 3 4 Fallow deer 25.4 10.5 0.42
5 4 5 Sika deer 25.0 10.0 0.39
6 7 1 Moose 27.0 7.3 0.27
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Data in Species360: Birth and Death

Time

It’s easy to calculate 
an average longevity.

More animals can be 
used.

½ maximum longevity
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2. Data on birth and death (demographic data) can be used for quality 
control

3. Majority of species (for which data exists) live longer in zoos than in 
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4. Comparing husbandry success between species: positive effect of 
studbooks !

5. Comparing husbandry success over time: 
zoos keep improving !
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… but how are longer lives
achieved ?
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Abstract 
Problems of the locomotory system (like overgrown hooves, laminitis or joint problems) have 

been reported from the EEP giraffe population. To evaluate relevant husbandry practices and 

frequency of the problem, a survey was done covering EEP institutions (response to the 

questionnaire from 70 institutions representing 74 individually managed groups). 40 of the 74 
groups reported that cases of problems of the locomotory system had occurred in their 

animals. Animals older than 8 years seemed to have a higher probability to develop such 

problems. Giraffe were generally kept on concrete (69%) or asphalt (16%) floors. Being 
known as demanding animals to feed, giraffe were offered considerable amounts of non-

forage feeds. An influence on the occurrence of laminitis is therefore possible. Based on 

studies on dairy cattle, indoor sections with softer floor surfaces should be considered as a 
viable option for facilities were problems have occurred repeatedly. 
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Introduction 

Despite the broad distribution of giraffes over numerous European facilities, they are still 
regarded as demanding animals in captivity. Repeatedly occurring problems in captive giraffe 

are related to either their locomotory system like overgrown hooves and joint problems 

(Kovacs et al. 1975) or to nutrition (e. g. Junge and Bradley 1993, Clauss et al. 2002, 

Hummel et al. 2003). In cattle husbandry, problems of the locomotory system like overgrown 
hooves, laminitis or joint problems are regularly mentioned to occur in large animals 

confronted with the husbandry practice and floors of agricultural settings. They are regarded 

as multifactorially influenced (Cook et al. 2004), e. g. by nutrition, parturition and obviously 
floor characteristics like hardness, abrasiveness or humidity. They generally develop when 

animals are not on pasture, but in their stables (Maton 1987). 

To get an overview of the situation in European zoos, an inventory of the “state of the art” of 
several relevant aspects of giraffe husbandry in the EEP was initiated. 
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Abstract
As with other browsing ruminants, the nutrition of giraffes (Giraffa camelopardalis) can be challenging. 
Feeding browse in very large amounts is not feasible. Therefore, substitutes need to be provided 
that have to meet requirements and the species’ digestive capacity to the greatest possible extent. 
To achieve a comprehensive overview of current giraffe feeding practice in Europe, a survey was 
conducted among 153 member zoos of the European Endangered Species Programme. Information 
from 81 returned questionnaires showed a considerable variety of feeds being provided in varying 
proportions. The use of lucerne hay (89% of zoos) and fresh browse as trees or branches (96% of zoos) 
was more common than stated in previous studies. The use of a pelleted compound feed was almost 
standard practice, but many diets additionally contained cereal grains, as concentrate feeds high in 
rapidly fermentable starch. Eighty-five percent of the zoos reported feeding fresh fruits and vegetables, 
even though this is not recommended due to high sugar contents with a potentially negative influence 
on ruminal fermentation. The estimated non-forage proportion (sum of concentrate feeds and fresh 
fruits and vegetables) in the overall dietary dry matter (DM) was 37% in summer and 43% in winter 
(median), which is in accordance with recommendations. However, a considerable range of non-forage 
proportions was found, with 43% of the zoos providing amounts that were likely to be exceeding 50% of 
the potential daily DM intake. Data on dietary proportions revealed a geographical variation, with zoos 
from Western Europe showing the lowest and zoos from Eastern Europe showing the highest proportion 
of concentrate feeds in rations. An index of feeding appropriateness, oriented towards conformity with 
feeding recommendations, may be useful to evaluate and improve feeding management precisely and 
individually, as room for improvement was revealed for half of the participating zoos.

Introduction

The European Endangered Species Programme (EEP) for the 
giraffe (Giraffa camelopardalis) unites 153 giraffe facilities and 
increasing numbers of animals have been registered during the 
last decade (Jebram 2012). Nevertheless, giraffe husbandry 
poses challenges and the European Association of Zoos and 
Aquaria (EAZA) has published husbandry and management 
guidelines (EAZA Giraffe EEPs 2006). The feeding of giraffes 
is a matter of particular interest in these recommendations, 
since multiple husbandry problems in giraffes are reported 
to be nutrition related (e.g. Bashaw et al. 2001; Clauss et al. 
2006; Hummel et al. 2006a). Giraffes are classified as browsing 
ruminants (Van Soest 1988; Hofmann 1989), which are generally 
considered to be more challenging to feed in captivity compared 
to grazing ruminants (Clauss et al. 2003; Clauss and Dierenfeld 

2007). On the one hand, being a ruminant implies a forage fibre 
requirement to maintain efficient rumen function (Van Soest 
1994). On the other hand, forages or fibrous feeds should match 
the digestive physiological adaptations of browsers against the 
background of chemical and structural particularities of browse 
compared to temperate grasses (Bailey 1964; Bailey and Ulyatt 
1970; Robbins and Moen 1975; Demment and Van Soest 1985; 
Spalinger et al. 1986). Year-round feeding of browse in large 
amounts is logistically demanding in temperate zones with a 
period of dormant vegetation. Appropriate substitutes need 
to be combined in proper ratios to meet nutrient and energy 
requirements and to prevent pathological consequences (Potter 
and Clauss 2005; Clauss et al. 2006) or behavioural disturbances 
(Hummel et al. 2006a). The main focus in feeding instructions is 
on providing rations with sufficient amounts of palatable high 
quality forage (at least 50% of diet dry matter [DM]; Schmidt 
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known as demanding animals to feed, giraffe were offered considerable amounts of non-

forage feeds. An influence on the occurrence of laminitis is therefore possible. Based on 

studies on dairy cattle, indoor sections with softer floor surfaces should be considered as a 
viable option for facilities were problems have occurred repeatedly. 
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Introduction 

Despite the broad distribution of giraffes over numerous European facilities, they are still 
regarded as demanding animals in captivity. Repeatedly occurring problems in captive giraffe 

are related to either their locomotory system like overgrown hooves and joint problems 

(Kovacs et al. 1975) or to nutrition (e. g. Junge and Bradley 1993, Clauss et al. 2002, 

Hummel et al. 2003). In cattle husbandry, problems of the locomotory system like overgrown 
hooves, laminitis or joint problems are regularly mentioned to occur in large animals 

confronted with the husbandry practice and floors of agricultural settings. They are regarded 

as multifactorially influenced (Cook et al. 2004), e. g. by nutrition, parturition and obviously 
floor characteristics like hardness, abrasiveness or humidity. They generally develop when 

animals are not on pasture, but in their stables (Maton 1987). 

To get an overview of the situation in European zoos, an inventory of the “state of the art” of 
several relevant aspects of giraffe husbandry in the EEP was initiated. 
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Abstract
As with other browsing ruminants, the nutrition of giraffes (Giraffa camelopardalis) can be challenging. 
Feeding browse in very large amounts is not feasible. Therefore, substitutes need to be provided 
that have to meet requirements and the species’ digestive capacity to the greatest possible extent. 
To achieve a comprehensive overview of current giraffe feeding practice in Europe, a survey was 
conducted among 153 member zoos of the European Endangered Species Programme. Information 
from 81 returned questionnaires showed a considerable variety of feeds being provided in varying 
proportions. The use of lucerne hay (89% of zoos) and fresh browse as trees or branches (96% of zoos) 
was more common than stated in previous studies. The use of a pelleted compound feed was almost 
standard practice, but many diets additionally contained cereal grains, as concentrate feeds high in 
rapidly fermentable starch. Eighty-five percent of the zoos reported feeding fresh fruits and vegetables, 
even though this is not recommended due to high sugar contents with a potentially negative influence 
on ruminal fermentation. The estimated non-forage proportion (sum of concentrate feeds and fresh 
fruits and vegetables) in the overall dietary dry matter (DM) was 37% in summer and 43% in winter 
(median), which is in accordance with recommendations. However, a considerable range of non-forage 
proportions was found, with 43% of the zoos providing amounts that were likely to be exceeding 50% of 
the potential daily DM intake. Data on dietary proportions revealed a geographical variation, with zoos 
from Western Europe showing the lowest and zoos from Eastern Europe showing the highest proportion 
of concentrate feeds in rations. An index of feeding appropriateness, oriented towards conformity with 
feeding recommendations, may be useful to evaluate and improve feeding management precisely and 
individually, as room for improvement was revealed for half of the participating zoos.

Introduction

The European Endangered Species Programme (EEP) for the 
giraffe (Giraffa camelopardalis) unites 153 giraffe facilities and 
increasing numbers of animals have been registered during the 
last decade (Jebram 2012). Nevertheless, giraffe husbandry 
poses challenges and the European Association of Zoos and 
Aquaria (EAZA) has published husbandry and management 
guidelines (EAZA Giraffe EEPs 2006). The feeding of giraffes 
is a matter of particular interest in these recommendations, 
since multiple husbandry problems in giraffes are reported 
to be nutrition related (e.g. Bashaw et al. 2001; Clauss et al. 
2006; Hummel et al. 2006a). Giraffes are classified as browsing 
ruminants (Van Soest 1988; Hofmann 1989), which are generally 
considered to be more challenging to feed in captivity compared 
to grazing ruminants (Clauss et al. 2003; Clauss and Dierenfeld 

2007). On the one hand, being a ruminant implies a forage fibre 
requirement to maintain efficient rumen function (Van Soest 
1994). On the other hand, forages or fibrous feeds should match 
the digestive physiological adaptations of browsers against the 
background of chemical and structural particularities of browse 
compared to temperate grasses (Bailey 1964; Bailey and Ulyatt 
1970; Robbins and Moen 1975; Demment and Van Soest 1985; 
Spalinger et al. 1986). Year-round feeding of browse in large 
amounts is logistically demanding in temperate zones with a 
period of dormant vegetation. Appropriate substitutes need 
to be combined in proper ratios to meet nutrient and energy 
requirements and to prevent pathological consequences (Potter 
and Clauss 2005; Clauss et al. 2006) or behavioural disturbances 
(Hummel et al. 2006a). The main focus in feeding instructions is 
on providing rations with sufficient amounts of palatable high 
quality forage (at least 50% of diet dry matter [DM]; Schmidt 
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