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How are animals in zoos doing ?
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Abstract

Zoos need to evaluate their aim of high husbandry standards. One way of ap-

proaching this is to use the demographic data that has been collected by partici-

pating zoos for decades, assessing historical change over time to identify the

presence or absence of progress. Using the example of carnivores, with data cov-

ering seven decades (1950–2019), 13 carnivore families, and 95 species, we show

that juvenile mortality has decreased, and adult longevity increased, over this in-

terval. While no reason for complacency, the results indicate that the commitment

of zoos to continuously improve is having measurable consequences.
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1 | INTRODUCTION

Zoos are institutions where humans interact with a large variety of

species kept for display and species conservation. Over the cen-

turies, the value of zoos has expanded to include recreational, edu-

cational, and scientific purposes. Their conservation aims focus on

both ex situ programs in terms of conserving individual species as

such (Conde et al., 2011), and in situ actions in terms of contributing

to habitat (and hence, indirectly species) conservation (Gusset &

Dick, 2011; Tribe & Booth, 2003). These activities are performed

with an increasing focus on animal welfare (Hosey et al., 2013).

There are several narratives about the aim of animal welfare. They

include “proximal cause narratives,” arguing that it is only justified, or

socially acceptable, to pursue the zoological institution's other aims if

animal welfare is not compromised and is state‐of‐the‐art (Gray, 2017).
While this narrative is plausible and valid, it tends to overshadow the

“ultimate cause narrative” that optimal animal welfare is an aim of zo-

ological institutions for its own sake, because of the self‐concept of zoo
professionals, and their vision that it is possible to create an ideal

environment, providing a meaningful yet anxiety‐free life for individual

animals that foregoes the many causes of fear and harm they are ex-

posed to in natural habitats (Clauss & Schiffmann, 2021). Creating such

conditions on a species‐specific basis is a learning process, and zoos need

to know if they are making progress.

In their dedication to professional animal husbandry, zoos have

long instigated record‐keeping systems that facilitate tracking in-

dividual animals and evaluating life stage‐specific mortality (Carisch

et al., 2017; Müller et al., 2011; Tidière et al., 2016; Young et al.,

2012). This also allows assessing progress in husbandry practices:

one would expect uncontrolled, life stage‐specific mortality (e.g.,

neonatal mortality) to decrease over time, if husbandry standards

have improved over the years, as has been demonstrated in in-

dividual species like okapi (Okapia johnstoni) (EAZWV Summer School

Participants & Clauss, 2008), orangutans (Pongo sp.) (Wich et al.,

2009) or chimpanzees (Pan troglodytes) (Havercamp et al., 2019).

Here, we test whether several metrics—neonate/juvenile mor-

tality and the proportion of 1‐year‐old animals that reach 50% of the

species' reported maximum longevity—changed in 95 zoo‐kept
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Abstract

In the discussion about zoo elephant husbandry, the report of Clubb et al. (2008,

Science 322: 1649) that zoo elephants had a “compromised survivorship” compared

to certain non‐zoo populations is a grave argument, and was possibly one of the

triggers of a large variety of investigations into zoo elephant welfare, and changes in

zoo elephant management. A side observation of that report was that whereas

survivorship in African elephants (Loxodonta africana) improved since 1960, this was

not the case in Asian elephants (Elephas maximus). We used historical data (based on

the Species360 database) to revisit this aspect, including recent developments since

2008. Assessing the North American and European populations from 1910 until

today, there were significant improvements of adult (≥10 years) survivorship in both

species. For the period from 1960 until today, survivorship improvement was

significant for African elephants and close to a significant improvement in Asian

elephants; Asian elephants generally had a higher survivorship than Africans.

Juvenile (<10 years) survivorship did not change significantly since 1960 and was

higher in African elephants, most likely due to the effect of elephant herpes virus on

Asian elephants. Current zoo elephant survivorship is higher than some, and

lower than some other non‐zoo populations. We discuss that in our view, the shape

of the survivorship curve, and its change over time, are more relevant than

comparisons with specific populations. Zoo elephant survivorship should be

monitored continuously, and the expectation of a continuous trend towards

improvement should be met.
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Abstract

Zoo animal husbandry is a skill that should be developing constantly. In theory, this

should lead to an improvement of zoo animal survivorship over time. Additionally, it

has been suggested that species that are at a comparatively higher risk of extinction

in their natural habitats (in situ) might also be more difficult to keep under zoo

conditions (ex situ). Here, we assessed these questions for three zoo‐managed

rhinoceros species with different extinction risk status allocated by the IUCN: the

“critically endangered” black rhino (Diceros bicornis), the “vulnerable” greater one‐

horned (GOH) rhino (Rhinoceros unicornis), and the “near threatened” white rhino

(Ceratotherium simum). Comparing zoo animals ≥1 year of age, the black rhino had

the lowest and the white rhino the highest survivorship, in congruence with their

extinction risk status. Historically, the survivorship of both black and white rhino in

zoos improved significantly over time, whereas that of GOH rhino stagnated.

Juvenile mortality was generally low and decreased even further in black and white

rhinos over time. Together with the development of population pyramids, this shows

increasing competence of the global zoo community to sustain all three species.

Compared to the continuously expanding zoo population of GOH and white rhinos,

the zoo‐managed black rhino population has stagnated in numbers in recent years.

Zoos do not only contribute to conservation by propagating ex situ populations, but

also by increasing species‐specific husbandry skills. We recommend detailed

research to understand specific factors responsible for the stagnation but also the

general improvement of survivorship of zoo‐managed rhinos.
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elephants; Asian elephants generally had a higher survivorship than Africans.

Juvenile (<10 years) survivorship did not change significantly since 1960 and was

higher in African elephants, most likely due to the effect of elephant herpes virus on

Asian elephants. Current zoo elephant survivorship is higher than some, and

lower than some other non‐zoo populations. We discuss that in our view, the shape

of the survivorship curve, and its change over time, are more relevant than

comparisons with specific populations. Zoo elephant survivorship should be

monitored continuously, and the expectation of a continuous trend towards

improvement should be met.
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Abstract

Zoo animal husbandry is a skill that should be developing constantly. In theory, this

should lead to an improvement of zoo animal survivorship over time. Additionally, it

has been suggested that species that are at a comparatively higher risk of extinction

in their natural habitats (in situ) might also be more difficult to keep under zoo

conditions (ex situ). Here, we assessed these questions for three zoo‐managed

rhinoceros species with different extinction risk status allocated by the IUCN: the

“critically endangered” black rhino (Diceros bicornis), the “vulnerable” greater one‐

horned (GOH) rhino (Rhinoceros unicornis), and the “near threatened” white rhino

(Ceratotherium simum). Comparing zoo animals ≥1 year of age, the black rhino had

the lowest and the white rhino the highest survivorship, in congruence with their

extinction risk status. Historically, the survivorship of both black and white rhino in

zoos improved significantly over time, whereas that of GOH rhino stagnated.

Juvenile mortality was generally low and decreased even further in black and white

rhinos over time. Together with the development of population pyramids, this shows

increasing competence of the global zoo community to sustain all three species.

Compared to the continuously expanding zoo population of GOH and white rhinos,

the zoo‐managed black rhino population has stagnated in numbers in recent years.

Zoos do not only contribute to conservation by propagating ex situ populations, but

also by increasing species‐specific husbandry skills. We recommend detailed

research to understand specific factors responsible for the stagnation but also the

general improvement of survivorship of zoo‐managed rhinos.
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Abstract

Zoos need to evaluate their aim of high husbandry standards. One way of ap-

proaching this is to use the demographic data that has been collected by partici-

pating zoos for decades, assessing historical change over time to identify the

presence or absence of progress. Using the example of carnivores, with data cov-

ering seven decades (1950–2019), 13 carnivore families, and 95 species, we show

that juvenile mortality has decreased, and adult longevity increased, over this in-

terval. While no reason for complacency, the results indicate that the commitment

of zoos to continuously improve is having measurable consequences.
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1 | INTRODUCTION

Zoos are institutions where humans interact with a large variety of

species kept for display and species conservation. Over the cen-

turies, the value of zoos has expanded to include recreational, edu-

cational, and scientific purposes. Their conservation aims focus on

both ex situ programs in terms of conserving individual species as

such (Conde et al., 2011), and in situ actions in terms of contributing

to habitat (and hence, indirectly species) conservation (Gusset &

Dick, 2011; Tribe & Booth, 2003). These activities are performed

with an increasing focus on animal welfare (Hosey et al., 2013).

There are several narratives about the aim of animal welfare. They

include “proximal cause narratives,” arguing that it is only justified, or

socially acceptable, to pursue the zoological institution's other aims if

animal welfare is not compromised and is state‐of‐the‐art (Gray, 2017).
While this narrative is plausible and valid, it tends to overshadow the

“ultimate cause narrative” that optimal animal welfare is an aim of zo-

ological institutions for its own sake, because of the self‐concept of zoo
professionals, and their vision that it is possible to create an ideal

environment, providing a meaningful yet anxiety‐free life for individual

animals that foregoes the many causes of fear and harm they are ex-

posed to in natural habitats (Clauss & Schiffmann, 2021). Creating such

conditions on a species‐specific basis is a learning process, and zoos need

to know if they are making progress.

In their dedication to professional animal husbandry, zoos have

long instigated record‐keeping systems that facilitate tracking in-

dividual animals and evaluating life stage‐specific mortality (Carisch

et al., 2017; Müller et al., 2011; Tidière et al., 2016; Young et al.,

2012). This also allows assessing progress in husbandry practices:

one would expect uncontrolled, life stage‐specific mortality (e.g.,

neonatal mortality) to decrease over time, if husbandry standards

have improved over the years, as has been demonstrated in in-

dividual species like okapi (Okapia johnstoni) (EAZWV Summer School

Participants & Clauss, 2008), orangutans (Pongo sp.) (Wich et al.,

2009) or chimpanzees (Pan troglodytes) (Havercamp et al., 2019).

Here, we test whether several metrics—neonate/juvenile mor-

tality and the proportion of 1‐year‐old animals that reach 50% of the

species' reported maximum longevity—changed in 95 zoo‐kept
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Abstract

In the discussion about zoo elephant husbandry, the report of Clubb et al. (2008,

Science 322: 1649) that zoo elephants had a “compromised survivorship” compared

to certain non‐zoo populations is a grave argument, and was possibly one of the

triggers of a large variety of investigations into zoo elephant welfare, and changes in

zoo elephant management. A side observation of that report was that whereas

survivorship in African elephants (Loxodonta africana) improved since 1960, this was

not the case in Asian elephants (Elephas maximus). We used historical data (based on

the Species360 database) to revisit this aspect, including recent developments since

2008. Assessing the North American and European populations from 1910 until

today, there were significant improvements of adult (≥10 years) survivorship in both

species. For the period from 1960 until today, survivorship improvement was

significant for African elephants and close to a significant improvement in Asian

elephants; Asian elephants generally had a higher survivorship than Africans.

Juvenile (<10 years) survivorship did not change significantly since 1960 and was

higher in African elephants, most likely due to the effect of elephant herpes virus on

Asian elephants. Current zoo elephant survivorship is higher than some, and

lower than some other non‐zoo populations. We discuss that in our view, the shape

of the survivorship curve, and its change over time, are more relevant than

comparisons with specific populations. Zoo elephant survivorship should be

monitored continuously, and the expectation of a continuous trend towards

improvement should be met.
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Abstract

Zoo animal husbandry is a skill that should be developing constantly. In theory, this

should lead to an improvement of zoo animal survivorship over time. Additionally, it

has been suggested that species that are at a comparatively higher risk of extinction

in their natural habitats (in situ) might also be more difficult to keep under zoo

conditions (ex situ). Here, we assessed these questions for three zoo‐managed

rhinoceros species with different extinction risk status allocated by the IUCN: the

“critically endangered” black rhino (Diceros bicornis), the “vulnerable” greater one‐

horned (GOH) rhino (Rhinoceros unicornis), and the “near threatened” white rhino

(Ceratotherium simum). Comparing zoo animals ≥1 year of age, the black rhino had

the lowest and the white rhino the highest survivorship, in congruence with their

extinction risk status. Historically, the survivorship of both black and white rhino in

zoos improved significantly over time, whereas that of GOH rhino stagnated.

Juvenile mortality was generally low and decreased even further in black and white

rhinos over time. Together with the development of population pyramids, this shows

increasing competence of the global zoo community to sustain all three species.

Compared to the continuously expanding zoo population of GOH and white rhinos,

the zoo‐managed black rhino population has stagnated in numbers in recent years.

Zoos do not only contribute to conservation by propagating ex situ populations, but

also by increasing species‐specific husbandry skills. We recommend detailed

research to understand specific factors responsible for the stagnation but also the

general improvement of survivorship of zoo‐managed rhinos.
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Does zoo giraffe survivorship improve over 
historical time?

How does it compare to information from 
natural habitats?





Birth and death data (and information on origin and sex) for global zoo 
giraffes (all species/hybrids) for 6048 individuals from 1900-2022. 
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Relative life expectancy in zoo ruminants



Question:
Is there an effect on relative life 
expectancy of whether or not a 
WAZA Studbook exists?

Answer:
Yes.
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If we keep them alive for longer, does that 
mean someone gives us more holding 
space ?
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Innocent giraffe killed in fro
nt of 

horrifi
ed children

Baby giraffe murdered

Shot 4 times with captive bolt gun

Marius the giraffe's grotesque slaughter

Zoo Scandal: 
Incest-giraffe fed 
to lions!

Slide by M. Bertelsen





What we like to see when …



What we like to see when …



What we like to see when …











Global zoo giraffe births

0
20
40
60
80

100
120
140

1940 1950 1960 1970 1980 1990 2000 2010 2020

Nu
m

be
r o

f b
irt

hs

Male Female



Global zoo giraffe births

0
20
40
60
80

100
120
140

1940 1950 1960 1970 1980 1990 2000 2010 2020

Nu
m

be
r o

f b
irt

hs

Male Female



Rapid demographic transition

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022



Rapid demographic transition

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022



Rapid demographic transition

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022



Rapid demographic transition

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022



Rapid demographic transition

0
10
20
30
40
50
60
70
80

1940 1950 1960 1970 1980 1990 2000 2010 2020 2030

%
 o

f t
ot

al
 p

op
ul

at
io

n

Year

Calves Subadults Adults



Rapid demographic transition

0
10
20
30
40
50
60
70
80

1940 1950 1960 1970 1980 1990 2000 2010 2020 2030

%
 o

f t
ot

al
 p

op
ul

at
io

n

Year

Calves Subadults Adults



The alternatives



The alternatives



The alternatives

‘natural breeding’ with intact social structures
with adequate space, enclosure structure, 
diet, enrichment, ‘death at home’

culling at dispersal age

safe population management

sustainability

education: nature conservation, 
accountability, transparency – no illusory 
dream world



The alternatives

‘natural breeding’ with intact social structures
with adequate space, enclosure structure, 
diet, enrichment, ‘death at home’

culling at dispersal age

safe population management

sustainability

education: nature conservation, 
accountability, transparency – no illusory 
dream world



The alternatives

‘natural breeding’ with intact social structures
with adequate space, enclosure structure, 
diet, enrichment, ‘death at home’

culling at dispersal age

experienced animals and staff 
safe population management

sustainability

education: nature conservation, 
accountability, transparency – no illusory 
dream world



The alternatives

‘natural breeding’ with intact social structures
with adequate space, enclosure structure, 
diet, enrichment, ‘death at home’

culling at dispersal age

experienced animals and staff
safe population management

sustainability

education: nature conservation, 
accountability, transparency – no illusory 
dream world

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022



The alternatives

‘natural breeding’ with intact social structures
with adequate space, enclosure structure, 
diet, enrichment, ‘death at home’

culling at dispersal age

experienced animals and staff
safe population management

sustainability

education: nature conservation, 
accountability, transparency – no illusory 
dream world

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022



The alternatives

‘natural breeding’ with intact social structures
with adequate space, enclosure structure, 
diet, enrichment, ‘death at home’

culling at dispersal age

experienced animals and staff
safe population management

sustainability

education: nature conservation, 
accountability, transparency – no illusory 
dream world

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022



The alternatives

‘natural breeding’ with intact social structures
with adequate space, enclosure structure, 
diet, enrichment, ‘death at home’

culling at dispersal age

experienced animals and staff
safe population management

sustainability

education: nature conservation, 
accountability, transparency – no illusory 
dream world

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022



The alternatives

‘natural breeding’ with intact social structures
with adequate space, enclosure structure, 
diet, enrichment, ‘death at home’

contraception consequences

experienced animals and staff
safe population management

sustainability

education: nature conservation, 
accountability, transparency – no illusory 
dream world

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022



The alternatives

‘natural breeding’ with intact social structures
with adequate space, enclosure structure, 
diet, enrichment, ‘death at home’

contraception consequences

experienced animals and staff
safe population management

sustainability

education: nature conservation, 
accountability, transparency – no illusory 
dream world

‘no natural breeding’,  no intact social 
structure, less space, enclosure structure, less 
adequate diet, less enrichment, death after 

transport at slaughterhouse

culling as per market convenience 

difficult population management

less sustainable

education: blending out unpleasant topics: 
death, operational constraints of conservation 

- illusory dream world (sells so well)

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022



The alternatives

‘natural breeding’ with intact social structures
with adequate space, enclosure structure, 
diet, enrichment, ‘death at home’

contraception consequences

experienced animals and staff
safe population management

sustainability

education: nature conservation, 
accountability, transparency – no illusory 
dream world

‘no natural breeding’,  no intact social 
structure, less space, enclosure structure, less 
adequate diet, less enrichment, death after 

transport at slaughterhouse

culling as per market convenience 

difficult population management

less sustainable

education: blending out unpleasant topics: 
death, operational constraints of conservation 

- illusory dream world (sells so well)

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022



The alternatives

‘natural breeding’ with intact social structures
with adequate space, enclosure structure, 
diet, enrichment, ‘death at home’

contraception consequences

experienced animals and staff
safe population management

sustainability

education: nature conservation, 
accountability, transparency – no illusory 
dream world

‘no natural breeding’,  no intact social 
structure, less space, enclosure structure, less 
adequate diet, less enrichment, death after 

transport at slaughterhouse

culling as per market convenience 

inexperienced animals and staff
difficult population management

less sustainable

education: blending out unpleasant topics: 
death, operational constraints of conservation 

- illusory dream world (sells so well)

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022



The alternatives

‘natural breeding’ with intact social structures
with adequate space, enclosure structure, 
diet, enrichment, ‘death at home’

contraception consequences

experienced animals and staff
safe population management

sustainability

education: nature conservation, 
accountability, transparency – no illusory 
dream world

‘no natural breeding’,  no intact social 
structure, less space, enclosure structure, less 
adequate diet, less enrichment, death after 

transport at slaughterhouse

culling as per market convenience 

inexperienced animals and staff 
difficult population management

less sustainable

education: blending out unpleasant topics: 
death, operational constraints of conservation 

- illusory dream world (sells so well)

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022



The alternatives

‘natural breeding’ with intact social structures
with adequate space, enclosure structure, 
diet, enrichment, ‘death at home’

contraception consequences

experienced animals and staff
safe population management

sustainability

education: nature conservation, 
accountability, transparency – no illusory 
dream world

‘no natural breeding’,  no intact social 
structure, less space, enclosure structure, less 
adequate diet, less enrichment, death after 

transport at slaughterhouse

culling as per market convenience 

inexperienced animals and staff 
difficult population management

less sustainable

education: blending out unpleasant topics: 
death, operational constraints of conservation 

- illusory dream world (sells so well)

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022



The alternatives

‘natural breeding’ with intact social structures
with adequate space, enclosure structure, 
diet, enrichment, ‘death at home’

contraception consequences

experienced animals and staff
safe population management

sustainability

education: nature conservation, 
accountability, transparency – no illusory 
dream world

‘no natural breeding’,  no intact social 
structure, less space, enclosure structure, less 
adequate diet, less enrichment, death after 

transport at slaughterhouse

culling as per market convenience 

inexperienced animals and staff 
difficult population management

less sustainable

education: blending out unpleasant topics: 
death, operational constraints of conservation 

- illusory dream world (sells so well)

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022



The alternatives

‘natural breeding’ with intact social structures
with adequate space, enclosure structure, 
diet, enrichment, ‘death at home’

contraception consequences

experienced animals and staff
safe population management

sustainability

education: nature conservation, 
accountability, transparency – no illusory 
dream world

‘no natural breeding’,  no intact social 
structure, less space, enclosure structure, less 
adequate diet, less enrichment, death after 

transport at slaughterhouse

culling as per market convenience 

inexperienced animals and staff 
difficult population management

less sustainable

education: blending out unpleasant topics: 
death, operational constraints of conservation 

- illusory dream world (sells so well)

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022

150 100 50 0 50 100 150
0

10

20

30

40

Ag
e

150 100 50 0 50 100 150
0

10

20

30

40

150 100 50 0 50 100 150
0

10

20

30

40

Number of animals

2010 2016 2022













A forgotten effect ?



A forgotten effect ?



thank you for your attention


