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Many captive populations of birds and mammals are 
not likely to reach sustainability due mostly to breed-
ing problems. Identifying the conditions under which 
breeding problems and poor population growth are 
likely to occur and establishing more appropriate 
conditions, therefore, will be a necessary prerequisite 
for future successful conservation breeding and the 
long-term survival of captive populations. This article 
analyses the basic approaches and concepts of man-
agement programmes for captive mammals. It dis-
cusses and propagates an approach which might help 
increase the productivity of the populations and  
decrease the risk of viability problems. Evolutionary 
biology, ecology and conservation biology provide 
concepts that propose a critical role of the individual 
phenotype in the context of evolutionary processes, 
population development and conservation practice. It 
is assumed that this is not yet sufficiently reflected in 
the management of captive mammals and possibly 
other populations, thus contributing to fitness prob-
lems. A more individual-based population manage-
ment that intends to focus on the ‘quality’ of the 
individuals and the individual phenotype therefore is 
proposed. Individuals have to be managed such that 
they are phenotypically represented in future genera-
tions. 
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A NUMBER of studies in the last years have discussed that 
many, if not most, captive populations of birds and 
mammals are not likely to reach sustainability and thus 
may not function as reserves for the conservation of spe-
cies1–5. For example, the development of the European 
mammal populations since the 1990s – when many breed-
ing and regional management programmes were started – 
is characterized by low or even negative population 
growth in many species and low effective population 
sizes4. On an individual and proximate level, the negative 

trend often seems to be due to a low mean reproductive 
output per female and large individual differences in the 
number of surviving infants – thus indicating fitness 
problems (see Kaumanns et al.6,7 for captive primates). 
 In many cases and populations of mammals, living 
conditions and management programmes are good 
enough to allow some but – over a long-term perspec-
tive – not enough successful breeding. Furthermore,  
predictability of which individuals are going to breed 
successfully often is low. This hinders systematic plan-
ning. Identifying the conditions under which breeding 
problems and poor population growth are likely to occur 
therefore is a necessary prerequisite for future successful 
conservation breeding and the long-term survival of cap-
tive populations. This is also a necessary condition for 
the realization of plans to achieve ‘true sustainability’ of 
zoo populations via more elaborate meta population man-
agement, including wild populations8,9.  
 The present article assumes that attempts to overcome 
the current ‘viability crisis’10 would profit from an analy-
sis and discussion of the basic management concepts and 
paradigms themselves – in addition to ongoing analysis’ 
and discussions of the individual management pro-
grammes (see for instance Lynch and Snyder5). Manage-
ment programmes and husbandry procedures indeed are 
not only based on the individual knowhow of managers, 
but are also influenced by the underlying basic appro-
aches and concepts. They reflect how the life history, 
adaptive potential and resulting needs of a species are 
perceived and therefore can – though indirectly – influe-
nce the development of the populations. Critically analys-
ing basic management approaches on the level of 
methodology and with reference to their validity is also a 
necessary component of the process of focusing propaga-
tion, as recommended by Conway1. (See also Walters and 
Hilborn11 who propagate an ‘adaptive management’ for 
conservation programmes.)  
 The first aim of this article therefore is to elaborate 
briefly basic assumptions about the ‘nature’ of captive 
mammal populations and possible consequences for their 
management. The second aim is to propagate a modified 
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Box 1. Flowchart of the approach 

 
Populations are constituted by individuals/individual phenotypes (Lomnicki41; Sibley and Smith32). They are 
more than assemblies of gene-carriers. 
 The individual phenotype is where selection acts on. Individuals therefore are the key units of manage-
ment. 
 ‘Individual phenotype’ refers to the total of an organism’s appearance resulting from the interaction of the 
genotype and the environment, including all its traits on all organismic levels like morphology, development, 
physiology and behaviour. 
 The phenotype comprises several general levels of structure – genotype, phenotype, ethotype (behav-
iour, physiological processes), demotype (age-specific fecundity, survival values). The transformation proc-
esses in live histories (from genotype to phenotype to ethotype, demotype and fitness) are inseparable 
from each other and have no existence apart from their environmental context (Ricklefs31). This complexity 
and interrelatedness between the different structures within the phenotype and with its fitness needs to be 
considered and reflected in individual-based population management. A management which reduces the 
individuals to ‘gene-carriers’ can lead to maladaptive conditions for reproduction and to viability problems 
on population level. 
 The individual is the unit of reproduction. Successful reproduction is a necessary condition for the sur-
vival and viability of a population and for the preservation of genetic polymorphism. Individuals contribute to 
viability by being phenotypicaly represented in future generations – which corresponds to the definition of 
‘fitness’ sensu Stearns). Management therefore in the first line has to provide the individuals with the condi-
tions for successful reproduction. It also should support the production of different phenotypes, since they 
increase a population’s adaptive potential (Carroll and Watters38). 
 Individuals are ‘designed for breeding’ (Sterns34), but management has to establish the conditions which 
match a species adaptation and especially its fitness-relevant key traits. 
 Individuals constitute populations and influence their chances to survive via generating species-typical 
life-history patterns (number of infants per female, date of first birth, group size, etc.). They are relevant for 
fitness, are shaped by selection and reflect adaptations. They can also act as constraints, limiting the adap-
tive potential of a species (Stearns34). Management should attempt species-typical life-history patterns. Be-
sides others, they provide the proximate conditions for the production of adaptive phenotypes. 
 Captive populations need to be managed such that they provide optimal living and breeding conditions 
for the individuals. The various levels on which fitness can be influenced (genetic, demographic, behav-
ioural, etc.) need to be managed in an integrated approach. A population in which successful breeding is 
established is likely to develop a ‘self-sustaining loop’ in the sense that adaptive phenotypes are likely to 
produce further adaptive phenotypes. This would allow ‘mapping the genotype into the fitness landscape’ 
(Rickleffs31) and support the development of viability and sustainability in a population.  
 

 

management paradigm based on the results of this discus-
sion and with reference to a broader spectrum of relevant 
concepts and results of conservation biology. It considers 
the fragmented and altered nature of captive populations. 
The article only intends to propose basic components of a 
conceptual framework, and not to elaborate all of the 
relevant aspects. It also does not provide husbandry 
guidelines. The authors are aware that many factors like 
insufficient population size and structure, suboptimal in-
frastructural conditions, space problems, organizational 
problems, etc. can induce viability problems, and there-
fore do not consider them here. This article discusses the 
general aspects of a paper that reviewed the development 
of the global captive population of the lion-tailed ma-
caque (Macaca silenus) with reference to its management 
history, viability problems and the role of individual-
based management12. Some of the considerations about 
individual-based management have been outlined already 

with reference to primate populations13. (For a flowchart 
of the main argument, see Box 1.) 

Basic characteristics of captive populations and 
management approaches 

‘Populations’ of captive animals are established ‘virtu-
ally’ by regarding groups or individuals kept separately 
in different institutions within a defined area (e.g. a coun-
try or continent) together as a unit of management. This 
‘virtual’ population is supposed to have the potential to 
‘function’ similar to a natural population in the wild  
(for a definition see Brook14) – though it represents an  
extreme case of fragmentation7. The ‘potential for inter-
breeding’ is one of the key characteristics of a natural 
population. Under captive conditions it is realized via  
the local breeding units and a systematic exchange of  
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individuals between them. Depending on their genetic 
background, different local living conditions, patterns of 
individual development, and demographic and social 
background, the individuals of a – often meta-population-
like – captive population phenotypically may differ con-
siderably. In an experimental study on oldfield mice, 
McPhee15 showed that generations in captivity increase 
behavioural variance. The specific nature of the captive 
environment might trigger phenotypic selection over pre-
vious generations16. 
 The management of captive populations includes hus-
bandry schedules and procedures that under the ‘artifi-
cial’ conditions of captivity (including the almost 
permanent availability of food and absence of predators) 
are supposed to keep the animals alive, physically and 
behaviourally functional and in breeding condition. They 
include procedures that intend to mimic some of the  
dynamics found in wild populations (e.g. via establishing 
new breeding units, transfer of breeding males). Though 
population management and – on a practical level – 
especially the routine husbandry in the individual zoos 
have to refer to many aspects of the life history of ani-
mals including their behaviour, sociality, reproduction, 
etc. demography and genetics are usually regarded as the 
key levels on which population management has to be 
carried out systematically17. 
 The management of captive populations usually in-
tends to achieve ‘sustainability’: The number of births 
should be equal to or larger than the number of deaths4. 
Populations – often derived from a small number of 
founders – should be ‘viable’ and especially ‘genetically 
healthy’. In this respect, they should come close to their 
wild counterparts17. Following recommendations and 
husbandry guidelines of breeding programmes, preser-
ving genetic polymorphism in a population has top prio-
rity4,18,19 and is regarded as a leading paradigm of 
conservation-oriented population management. In fact, 
many zoo biologists assume that a population managed 
such that genetic diversity in the future is likely to remain 
high can be regarded as ‘viable’, or will achieve viability. 
Ballou et al.17, however, point to the possibility that an 
extreme focus on genetic management can result in a  
genetically healthy but small or declining population.  
Viability problems may also arise in a population in 
which the number of births is equal to the number of 
deaths, if the deaths include proven breeders (W. G. Con-
way, pers. commun.). 
 For management purposes, a set of methods derived 
from population ecology is used. They refer to, for exam-
ple, age/sex composition, births, deaths and origin of  
individuals (wild/captive-born)17. These methods, besides 
others, are used to provide data which allow analysing 
and predicting the genetic consequences of demographic 
management with reference to preserving a defined per-
centage of genetic diversity over a defined period of time 
(but see Lacy2 for a critical discussion of this approach). 

The availability of these methods ‘packed’ into a com-
fortable management software with the capacity to pro-
vide such predictions seems to facilitate that management 
decisions in breeding programmes indeed are often taken 
under the perspective of their genetic consequences in the 
first line. The individuals in a population thus are likely 
to be predominantly perceived and managed as ‘gene  
carriers’, the sum of which ideally should represent the  
genetic diversity attempted.  

Gene carriers versus individuals 

This article assumes that the approach outlined above 
needs to be discussed critically. Expanding Ballou’s17  
notion (see above), it is postulated that a strictly executed 
genetic management sometimes influences breeding pro-
grammes and management procedures, such that other 
(‘non-genetic’) aspects that are part of life histories of 
animals as well are at risk to be neglected. This possibly 
(in the long run) can lead to maladaptive living condi-
tions, especially with reference to the functioning of the 
reproductive system and the potential to reproduce suc-
cessfully10. There seems to be indeed a tendency not to 
notice that the ‘gene carriers’ in a population have to be 
‘produced’ by the ‘complete’ organism (phenotype), 
many traits of which are functional on a proximate level 
for its survival and reproductive performance – but not to 
be covered directly by genetic management. Social skills, 
for instance, which are acquired during socialization 
(usually under specific management-induced social and 
demographic conditions), can decide about whether an 
important ‘gene carrier’ reproduces. The role of such 
critical aspects in influencing the development of a popu-
lation, especially in terms of achieving successful breed-
ing overall, may not yet be considered enough – though a 
number of authors point to the importance of, for  
instance, behavioural knowhow and behavioural compo-
nents in management programmes20. The interest in the 
individual animal and its behaviour is also reflected in a 
growing number of studies and programmes emphasizing 
the importance of personality traits and related pheno-
typic traits. These studies also point to the need to con-
sider animal welfare together with personality traits for 
population management21–25. In some of the definitions 
used for ‘personality’24,25, the latter term is almost syn-
onymously used with ‘individual and its behaviour’.  
According to Watters and Powell24, animal personalities 
are supposed to affect the conservation mission of zoos, 
both directly and indirectly. These authors, however, state 
that incorporating knowledge of animal personalities has 
so far mostly been done on a case to case basis. 
 Evidently genetic management as such is a necessity: 
conservation genetics generated an impressive and indis-
pensable body of scientific knowledge for population 
management26. Problems are likely to occur, however, 
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when the fitness-relevant genetic management is carried 
out without the support of and control by an equally valid 
and evolutionary based set of management tools dealing 
with the equally fitness-relevant factors that are beyond 
the scope of genetics27,28. This, besides others, may also 
refer to epigenetic phenomena which, according to Bate-
son and Gluckman29 ‘usually refers to what happens 
within a developing individual organism’.  

Populations are constituted by individual  
phenotypes 

Populations are constituted by individual phenotypes30. 
Population management therefore has to refer to the indi-
vidual as a whole and should not be genotype-biased. The 
genotype is (‘only’) one of the structural levels of the 
phenotype31 and consequently, there is a need for popula-
tion management to consider the genotype together with 
the other levels in order to develop a balanced manage-
ment approach. The term ‘phenotype’ refers to the total 
of an organism’s appearance resulting from the interac-
tion of the genotype and the environment and includes its 
traits on all organismic levels like morphology, develop-
ment, physiology, and behaviour. According to Rick-
lefs31, ‘the thread of causation between genotype and 
fitness passes through general levels of structure – 
genotype, phenotype, ethotype (the behaviour, including 
physiological processes, of the organism) and demotype 
(the age-specific fecundity and survival values). ‘The 
transformation processes in life histories (from genotype 
to demotype and fitness) are inseparable from each other 
and have no existence apart from their environmental 
context. Each component of the structure of the life his-
tory, at each level of its hierarchy, inter-relates with other 
components and with fitness’31. It is especially this com-
plexity and inter-relatedness of life histories which ask 
for a better ‘representation’ in population management. 
To achieve this, and since the individual phenotype is the 
unit on which selection acts32, a more individual-based 
and phenotype-oriented population management is pro-
posed. While incorporating genetic aspects, it should pre-
dominantly aim at ‘producing’ adaptive phenotypes via 
the establishment of living conditions that enable the in-
dividuals to reproduce successfully. They thus and only 
then can provide the necessary conditions for preserving 
the degree of genetic polymorphism attempted. The ‘de-
grees of freedom’ for genetic management, however, 
would be defined by the requirements set by the social 
and reproductive system of the species with their corre-
sponding adaptations and constraints, and by the specific 
genetic, demographic and social conditions available in 
the population to be managed. In fragmented and altered 
wild populations of mammals in principle similar constel-
lations, limitations and management requirements can be 
found (see below). 

Individuals in a population 

A change of paradigm towards more individual-based 
population management as suggested is indicated also to 
mimic more closely the role of an individual in natural 
populations as investigated by life-history theory: the in-
dividuals in a natural population not only ‘constitute’ the 
latter demographically and genetically, via the ‘interface’ 
of generating species-typical life-history patterns (e.g. 
within a certain range females give birth to a certain 
number of infants in certain time intervals in groups with 
a certain size and composition), individuals influence a 
population’s chances to survive. (For life-history trade-
offs and the evolution of animal personalities, see Wolf et 
al.33) Life-history theory demonstrates that these patterns 
are relevant for fitness34. They are shaped by selection; 
they reflect adaptations that are solutions to recurrent 
problems of survival and reproduction, and may also act 
as constraints. The latter limits the adaptive potential of a 
species and can lead to fitness problems when ignored by 
population management. It is therefore crucial for the 
management of both wild and captive populations to con-
sider and establish links between the individual and its 
behaviour on the one side, and population size and com-
position on the other side35–37. To ignore the individual 
and individual phenotypic variation respectively, means 
ignoring factors that influence the viability of a popula-
tion38. Gosling39 indicates that in this respect, the behav-
iour of individuals in small populations is relatively more 
important than in larger ones40. The focus on the individ-
ual as a whole and its living conditions also was pro-
pagated earlier by Lomnicki41, who suggested not to look 
at the average individual for the study of population dy-
namics, but to look for differences between the individu-
als and to investigate how these differences affect their 
reproduction and survival (see also Watters et al.16). 
 An individual’s chances to survive and to reproduce 
successfully – its fitness – on the other side are influ-
enced by the demographic and social structures in groups 
or other units of reproduction and in local subpopulations 
within a population42,43. These structures as well as the 
schedule and timing of key events in the lifetime of an 
organism (e.g. age at first birth, number of offspring, 
group size, mating system) refer to species-typical adap-
tations (e.g. specific social structures). They provide the 
conditions for optimization of reproductive processes and 
output to the individual. For example, in a set of geneti-
cally related adult females of a female-bonded species 
like the lion-tailed macaque, the individual females may 
be more productive when kept in one large one-male 
group (preferably their natal group with well-established 
social bonds) than when split up and kept in various (dif-
ferent) small groups. However, keeping them in different 
groups with genetically different breeding males would 
be preferable under the specific perspective of genetic 
management. 
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 The proposed individual-based management paradigm 
is in accordance with a recently proposed research para-
digm propagating individual-based models in population 
ecology44. It is based on the assumption that ecological 
dynamics, including demographic rates are arising from 
how individuals interact with their environment and with 
each other32. It assumes furthermore that underlying  
behavioural decisions themselves are based on fitness-
related decision rules45. Consequently, individual-based 
models to predict aspects of the development of popula-
tions are propagated44. They, for instance, provide in-
sights into how populations made up of social groups 
have dynamics, and ultimately persistence, determined by 
individual behaviour46. 

Captive populations are fragmented and altered  
populations  

This article assumes that viability problems are also basi-
cally influenced by the fact that individuals in captive 
mammal populations usually live under highly frag-
mented and altered conditions. It is likely that the latter 
can rarely provide optimal living and breeding condi-
tions47 – a problem wild populations are also confronted 
with more often48–52. Management programmes for cap-
tive mammals have to explicitly consider the limits re-
sulting from this7. It is likely that captive conditions can 
result in a decrease in fitness as indicated by breeding 
and viability problems on the individual and population 
level10. This phenomenon can be discussed as a conse-
quence of ‘Allee effects’53,54. According to Allee, many 
animals suffer a decrease in per capita population growth 
rate when population density reaches a low level. Several 
studies on Allee effects and their relevance for the con-
servation of plant and animal species have been published 
recently with reference to wild populations and in the 
context of reintroductions (for an overview, see Cour-
champ et al. 54). The importance of Allee effects for the 
management of captive mammal populations is discussed 
by Swaisgood and Schulte55. According to Courchamp et 
al.54, captive populations might be specifically prone to 
Allee effects triggered by deficits in ‘reproductive facili-
tation’. Studies on the causation of Allee effects (e.g. 
Somers et al.56) indicate that factors related to individual 
behaviour play an important role. 
 Zoo biologists so far rarely discuss the altered and 
fragmented nature of captive populations (but see Swais-
good and Schulte55), though many traits of the individual 
populations influenced by this are fitness-relevant and 
may possibly induce viability problems (but see Lacy2 for 
more elaborated meta population management that would 
also include such aspects). Since the search for solutions 
of viability problems inevitably has to trace them back to 
individual breeding, a better theoretical and practical in-
tegration of the individual and its behaviour into popula-

tion management is crucial also from this end (see also 
Coté36).  
 An evolutionary-based concept for the integration of 
behavioural knowledge into conservation practice has 
been propagated by Carroll and Watters38. It contributes 
to the development of integrative management concepts 
both for altered and fragmented wild and captive popula-
tions and also propagates a ‘phenotype-oriented’ approach. 
According to Carroll and Watters38, ‘intense management 
of phenotypes can enhance effective population size and 
thereby protect viability and genetic variation’. Pheno-
type management is consequently also propagated for 
habitat restoration, which can provide the environmental 
conditions for the development of phenotype diversity16. 
It seems likely that this approach would also fit for cap-
tive environments and specifically for the design of  
enrichment programmes.  
 According to Carroll and Watters38, individual-based 
and phenotype-oriented management emphasizes that  
adaptation under rapidly changing and altered living con-
ditions is more likely to occur under conditions of suffi-
cient ‘phenotypic variability’; that is, when a variety of 
types of individuals and a variety of traits in which indi-
viduals differ provide a larger spectrum of solutions to 
the emerging problems23,57,58. To ‘produce’ this variety of 
types under captive conditions probably would require 
more diversified captive living conditions (including for 
example, multi-group keeping systems) than what is usu-
ally recommended by husbandry guidelines with their 
tendency to standardize. A large spectrum of social, eco-
logical and cognitive aspects have to be considered. 
Overall, however, the meta population character of many 
captive populations with their many different local condi-
tions might, if it occurs, rather trigger scattered than  
directed selection and provide a fuller view of the pheno-
typic potential of a population (J. V. Watters, pers. com-
mun.). An important aspect that tends to be neglected 
often (especially in primates) are intergroup relationships 
(e.g. via group encounters) for the development of spe-
cies-typical social dynamics. They are relevant, for  
instance, with reference to exchanges of breeding males, 
to allow mate choice, and overall for the development of 
social skills59. 

Individual-based and phenotype-oriented  
management is organized towards successful  
reproduction 

Successful reproduction is a necessary condition for the 
survival of a population. The individuals are supposed to 
contribute to the viability of population by successfully 
reproducing and thus by being phenotypically represented 
in future generations. Following Stearns60, the latter can 
be regarded as a definition of (or expression of) ‘fitness’. 
Fitness in this perspective is what captive management 
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has to go for. Population management consequently and 
in the very first line has to establish the conditions for 
successful reproduction in species-typical breeding 
units – and not only to produce offspring or specified 
gene carriers. It also has to maintain the potential for suc-
cessful reproduction – especially when reductions in 
population size, e.g. via birth control measures are prac-
tised temporarily. Since successful reproduction depends 
on the ‘quality’ and especially the behaviour of individu-
als and on the ‘quality’ of the breeding units, the size, 
composition, and demographic structure of a captive 
population have to be defined and developed from this 
end12,13. The various levels (genetic, demographic, behav-
ioural, etc.) on which fitness can be influenced via  
specific management procedures need to be adjusted, 
outbalanced and integrated towards successful breeding. 
Such an integrated population management would intend 
to mimic the complexity of factors triggering life-
histories, population dynamics, genetic architecture and 
fitness in natural populations. Systematic control and ma-
nipulation of, for instance, selective processes, phenotype 
development, etc. however, are difficult if not impossible 
to achieve. To minimize the risk of inappropriate man-
agement a ‘fine-tuned adaptive management’ sensu Wal-
ters and Hilborn11, which continuously and sensibly 
assesses the effects of management procedures, especially 
with reference to maintaining the breeding potential is re-
quired. It would be against the logic of individual-based 
and fitness-oriented management to fix the (target) size 
and structure of a captive population a priori and with 
reference to available spaces only. It rather needs to be 
worked out first under which conditions – especially with 
reference to optimization of individual reproductive out-
put – the population would achieve viability and function 
as outlined above by referring to fitness-relevant key 
traits (sensu Carroll and Watters38). Due to their small 
size alone for many captive populations and species  
respectively, the necessary conditions may not be avail-
able8. Population management also has to explicitly con-
sider how to prevent Allee effects and whether the 
projected size and structure have to include a ‘buffer’ 
against the risks of stochastic effects on the level of ge-
netics and especially on the level of demography14. In 
particular, with reference to these effects, the reproduc-
tive output of the individuals and of the breeding units 
needs to be monitored continuously and analysed with 
reference to the development of effective population size 
over time61,62.  
 Life-history theory assumes that animals are ‘designed’ 
for breeding34,60. Successful reproduction requires – 
besides the ‘necessary’ individual traits and skills – living 
conditions that correspond to their ‘design’. On a popula-
tion level and on a larger timescale, appropriate condi-
tions would be reflected in the emergence of species-
typical key events and life-history patterns. Life-history 
patterns and related adaptations evolved as a means of 

maximizing reproductive output34. To manage a captive 
population towards achieving the species-typical  
life-history patterns is of utmost importance, since neces-
sary demographic and other patterns provide the  
individuals with the proximate conditions for the ‘pro-
duction’ of adaptive phenotypes – that is, of individuals 
breeding successfully. For example, in the case of pri-
mates and social carnivores, this besides others, would 
especially include the establishment of demographic and 
social conditions for the appropriate socialization of indi-
viduals. 

The importance of fitness-relevant key traits 

There are many factors that determine the fitness of an 
individual and a population (for an overview, see Rock-
wood63). Beyond the level of providing the means for 
physical ‘survival’ (appropriate food, climatic conditions, 
etc.), managers have to work out which of the factors and 
especially which traits require special emphasis. A key 
trait is a primary determinant of fitness in a given condi-
tion38. Key traits relevant to population management 
evolved in a number of different functional areas of an 
organism: they might refer to a species feeding ecology, 
predator avoidance, social life and others. Many of such 
adaptive patterns and systems are conservative and in-
flexible and act as constraints, especially on social inter-
actions, mobility and the reproductive system64.  
 It is likely that the viability and sustainability problems 
in many captive mammal population besides others are a 
(long-term) consequence of ignoring species-typical  
adaptations. For example, suboptimal keeping systems 
and by inappropriate social and demographic conditions 
in the breeding units thus leading to low individual repro-
ductive output. The latter in the long run may trigger  
effects (e.g. unfavourable age/sex structure) which influ-
ence viability negatively. There might be breeding, but 
not enough in the long run. 

Conclusion and consequences 

The discussion of the currently used basic approaches 
towards population management in captive mammals re-
vealed the need for modifications which contribute to 
more productivity and help avoid viability problems. 
Evolutionary biology, ecology and conservation biology 
provide concepts that propose a critical role of the indi-
vidual phenotype in the context of evolutionary proc-
esses34, population development30,37 and conservation 
practice38. This is not yet appropriately reflected in the 
management of captive populations. A more individual-
based approach with a management that intends to focus 
on the ‘quality’ of the individuals and their potential for 
breeding in a population – therefore is indicated. It seems 
that problems in the current management approaches are 
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especially found with reference to ‘mapping the geno-
types into the fitness landscape’31. Whereas the genotype-
structure of the individual phenotype is systematically 
addressed as a unit of management, the ethotype, com-
prising the behavioural and physiological manifestations 
receives less systematic attention. In particular, popula-
tion management may lack an integrated approach to-
wards achieving fitness by providing conditions that 
allow individuals to breed successfully and to be pheno-
typically represented in future generations. Watters and 
Powell24 provide valuable suggestions and concepts for 
an expanded population management that besides others 
would incorporate behavioural type data and which there-
fore support the approach of the present article. A mana-
gement software that would support managers to deal 
with the complexities of a phenotype-based approach is 
missing so far. It might refer to an initiative by Deans et 
al.65 to develop a computerized database ‘to understand 
the vast landscape of phenotypic data’.  
 A change of paradigm towards more individual-based 
management does not implicate treating or even manipu-
lating the individuals in a population in a way which 
principally differs from the one used so far. Good manag-
ers always take care of individuals24. The novel approach 
rather suggests to predominantly characterize and manage 
a population under the perspective of the patterns of re-
production on the level of the individuals, their breeding 
units, and on population level, over as long time periods 
as possible. Since the reproductive output is a ‘product’ 
of the individual phenotypes, their ‘status’ and its man-
agement on a proximate level have to be the main focus. 
Individual-based and fitness-oriented management almost 
‘by definition’ provide the genuine conceptual frame for 
the integration and realization of management and hus-
bandry measures referring to personalities and welfare of 
the animal24,25. Dawkins66 has elaborated the relationships 
between individual ‘motivation’, animal welfare and fit-
ness. 
 Attempts to solve the ‘viability crisis’ referring to the 
considerations outlined above would require larger popu-
lations, significant improvements of breeding conditions 
and much more breeding – once it ‘works’. The latter is 
important to achieve a ‘critical mass’ of adaptive (repro-
ductively competent) individuals that help avoiding Allee 
effects10. Larger populations are also required for pro-
grammes that intend to contribute to species reintroduc-
tions, since mortality can be high. The spatial and 
economical requirements to realize this probably would 
be on a scale and in an order of magnitude that could be 
realized only for few species and populations respec-
tively. A serious reduction in the number of species kept 
in zoos, as propagated since decades by Conway1, would 
be inevitable.  
 Conde et al.8 provide an overview of the populations of 
wild animals kept in zoos globally, that might be used for 
conservation breeding via meta-population management. 

They however, also outline the enormous efforts neces-
sary to use this potential. It is likely that – looking at the 
‘quality’ of the populations – only a small proportion of 
them has the potential to play a significant role in the 
context of the ‘one-plan approach’9 (see also Alroy67). It 
will be an important challenge for the zoo community to 
identify these populations soon, but also to clarify the 
role of the many other populations for conservation.  
 Both conservation biologists working with fragmented 
and threatened wild populations, and biologists working 
with captive populations are facing similar problems. An 
integrated (meta-population) management approach 
would require that both sides consequently refer to con-
cepts of evolutionary biology as demonstrated by, for  
example, Carroll and Fox52 and Schulte-Hostedde and 
Mastromonaco68.  
 
  

1. Conway, W. G., Buying time for wild animals with zoos. Zoo 
Biol., 2011, 30, 1–8. 

2. Lacy, R. C., Achieving true sustainability of zoo populations. Zoo 
Biol., 2013, 32, 19–26. 

3. Lees, C. and Wilken, J., Sustaining the Ark: the challenges faced 
by zoos in maintaining viable populations. Int. Zoo Yrbk., 2009, 
43, 6–18. 

4. Leus, K., Trayler-Holzer, K. and Lacy, R. C., Genetic and demo-
graphic population management in zoos and aquariums: recent de-
velopments and future challenges and opportunities for scientific 
research. Int. Zoo Yrbk., 2011, 45, 213–225. 

5. Lynch, C. and Snyder, T., Sustainable population management of 
birds: current challenges exemplified. Int. Zoo Yrbk., 2014, 48, 
156–165.  

6. Kaumanns, W., Schwitzer, C., Klumpe, C. and Schmid, P., How 
are primate breeding programs doing? An overview and prelimi-
nary analysis. In EEP Yearbook 1998/99 (ed. Rietkerk, F.), EAZA 
Executive Office, Amsterdam, 2000, pp. 448–460. 

7. Kaumanns, W., Singh, M. and Schwitzer, C., Primate populations 
in zoos: a case of fragmentation. Primate Rep., 2008, 76, 41–54. 

8. Conde, D. A. et al., Zoos through the lens of the IUCN Red List: a 
global metapopulation approach to support conservation breeding 
programs. PLoS ONE, 2013, 8, 1–10. 

9. Byers, O., Lees, C., Wilcken, J. and Schwitzer, C., The one plan 
approach: the philosophy and implementation of CBSG’s  
approach to integrated species conservation planning. WAZA 
Mag., 2013, 14, 2–5.  

10. Penfold, L. M., Powell, D., Trayler-Holzer, K. and Asa, C. S., 
‘Use it or lose’: characterization, implications, and mitigation of 
female infertility in captive wildlife. Zoo Biol., 2014, 33, 20–28. 

11. Walters, C. and Hilborn, R., Ecological optimization and adaptive 
management. Annu. Rev. Ecol. Syst., 1978, 9, 157–188. 

12. Kaumanns, W., Singh, M. and Sliwa, A., Captive propagation of 
threatened primates – the example of the lion-tailed macaque 
Macaca silenus. J. Threaten. Taxa, 2013, 14, 4825–4839. 

13. Kaumanns, W., The ‘quality’ of captive primate populations. Pri-
mate Rep., 1994, 39, 127–132. 

14. Brook, B. W., Demographics versus genetics in conservation biology. 
In Conservation Biology – Evolution in Action (eds Carroll, S. P. 
and Fox, C.), Oxford University Press, Oxford, 2008, pp. 35–49. 

15. McPhee, M. E., Generations in captivity increase behavioural 
variance: considerations for captive breeding and reintroduction 
programs. Biol. Conserv., 2003, 115, 71–77. 

16. Watters, J. V., Lema, S. C. and Nevitt, G. A., Phenotype manage-
ment: a new approach to habitat restoration. Biol. Conserv., 2003, 
112, 435–445. 



REVIEW ARTICLE 
 

CURRENT SCIENCE, VOL. 109, NO. 6, 25 SEPTEMBER 2015 1128 

17. Ballou, J. D. et al., Demographic and genetic management of cap-
tive populations. In Wild Mammals in Captivity: Principles and 
Techniques for Zoo Management (eds Kleiman, D. G., Thompson, 
K. V. and Baer, C. K.), University of Chicago Press, Chicago, 
2010, pp. 219–252. 

18. De Boer, L. E. M., Founder representation: how to deal with it? In 
EEP-Coordinators Manual, National Foundation for Research in 
Zoological Gardens, Amsterdam, 1989, p. 90. 

19. Schreiber, A., Kolter, L. and Kaumanns, W., Conserving patterns 
of genetic diversity in endangered animals by captive breeding. 
Acta Theriol., 1993, 38, 71–88. 

20. McPhee, M. E. and Carlstead, K., The importance of maintaining 
natural behaviours in captive mammals. In Wild Mammals in Cap-
tivity: Principles and Techniques for Zoo Management (eds 
Kleiman, D. G., Thompson, K. V. and Baer, C. K.), University of 
Chicago Press, Chicago, 2010, pp. 303–313. 

21. Gold, K. C. and Maple, T. L., Personality assessment in the  
gorilla and its utility as a management tool. Zoo Biol., 1994, 13, 
509–522. 

22. Carlstead, K., Mellen, J. and Kleiman, D. G., Black rhinoceros 
(Diceros bicornis) in U. S. zoos: I. Individual behaviour profiles 
and their relationship to breeding success. Zoo Biol., 1999, 18, 17–
34. 

23. Smith, B. R. and Blumstein, D. T., Fitness consequences of per-
sonality: a meta-analysis. Behav. Ecol., 2008, 19, 448–455. 

24. Watters, J. V. and Powell, D. M., Measuring animal personality 
for use in population management in zoos: suggested methods and 
rationale. Zoo Biol., 2011, 29, 1–22.  

25. Tetley, C. L. and O’Hara, S. J., Ratings of animal personality as a 
tool for improving the breeding, management and welfare of zoo 
mammals. Anim. Welfare, 2012, 21, 463–476. 

26. Frankham, F. and Ballou, J. D., Introduction to Conservation Ge-
netics, Cambridge University Press, Cambridge, 2010. 

27. Ashley, M. V., Wilson, M. F., Pergams, O. R., O’Dowd, D. J., 
Gende, S. M. and Brown, J. S., Evolutionary enlightened man-
agement. Biol. Conserv., 2003, 111, 115–123. 

28. Gusset, M., The evolution–conservation interface. Endangered 
Species Update, 2007, 24, 117–118.  

29. Bateson, P. and Gluckman, P., Plasticity, Robustness, Develop-
ment and Evolution, Cambridge University Press, Cambridge, 
2011. 

30. Lomnicki, A., Individual heterogeneity and population regulation. 
In Current Problems in Sociobiology (eds Kings College Sociobi-
ology Group), Cambridge University Press, Cambridge, 1982, pp. 
153–167. 

31. Ricklefs, R. E., Structures and transformations of life histories. 
Funct. Ecol., 1991, 5, 174–183. 

32. Sibley, R. and Smith, R. H., Behavioural Ecology, Ecological 
Consequences of Adaptive Behaviour, Blackwell Scientific Publi-
cations, Oxford, 1985. 

33. Wolf, M., van Doorn, G. S., Leimar, O. and Weissing, F. J., Life 
history trade-offs favour the evolution of animal personalities.  
Nature, 2007, 447, 581–584. 

34. Stearns, S. C., Life history evolution: success, limitations, and 
prospects. Naturwissenschaften, 2000, 87, 476–486. 

35. Anthony, L. L. and Blumstein, D. T., Integrating behaviour into 
wildlife conservation: the multiple ways behaviour can reduce Ne. 
Biol. Conserv., 2000, 95, 303–315. 

36. Coté, I. M., Knowledge of reproductive behavior contributes to 
conservation programs. In Animal Behaviour and Wildlife Conser-
vation (eds Festa-Biachet, M. and Apollonio, M.), Island Press, 
Washington DC, 2004, pp. 77–92. 

37. Smith, R. H. and Sibly, R., Behavioural ecology and population 
dynamics: towards a synthesis. In Behavioural Ecology, Ecologi-
cal Consequences of Adaptive Behaviour (eds Sibly, R. and Smith, 
R. H.), Blackwell Scientific Publications, Oxford, 1985, pp. 577–
592. 

38. Carroll, S. P. and Watters, J. V., Managing phenotypic variability 
with genetic and environmental heterogeneity: adaptation as a first 
principle of conservation practise. In Conservation Biology – Evo-
lution in Action (eds Carroll, S. P. and Fox, C.), Oxford University 
Press, Oxford, 2008, pp. 181–198. 

39. Gosling, L. M., Adaptive behavior and population viability. In 
Animal Behaviour and Wildlife Conservation (eds Festa-Biachet, 
M. and Apollonio, M.), Island Press, Washington DC, 2003, pp. 
13–32. 

40. Arcese, P., Individual quality, environment, and conservation. In 
Animal Behaviour and Wildlife Conservation (eds Festa-Biachet, 
M. and Apollonio, M.), Island Press, Washington DC, 2003, pp. 
271–296. 

41. Lomnicki, A., Regulation of population density due to individual 
differences and patchy environment. Oikos, 1980, 35, 185–193.  

42. East, M. L. and Hofer, H., Social environments, social tactics and 
their fitness consequences in complex mammalian societies. In 
Social Behaviour, Genes, Ecology and Evolution (eds Székely, T., 
Moore, A. J. and Komdeur, J.), Cambridge University Press, 
Cambridge, 2010, p. 360.  

43. Somers, M. J. and Gusset, M., The role of social behaviour in car-
nivore reintroductions. In Reintroduction of Top-Order Predators 
(eds Hayward, M. and Somers, M.), Wiley-Blackwell, Oxford, 
2009, pp. 270–281. 

44. Stillman, R. A., Railsback, S. F., Giske, J., Berger, U. and Grimm, 
V., Making predictions in a changing world: the benefits of indi-
vidual based ecology. BioScience, 2015, 65, 140–150. 

45. Grimm, V. and Railsback, S. F., Individual-Based Modelling and 
Ecology, Princeton University Press, Princeton, 2005. 

46. Gusset, M., Jakoby, O., Müller, M. S., Somers, M. J., Slotow, R., 
and Grimm, V., Dogs on the catwalk: modelling re-introduction 
and translocation of endangered wild dogs in South Africa. Biol. 
Conserv., 2009, 142, 2774–2781. 

47. Snyder, N. F. R., Derrickson, S. R., Beissinger, S. R., Wiley, J. W., 
Smith, T. B., Toone, W. D. and Miller, B., Limits of captive breeding 
in endangered species recovery. Conserv. Biol., 1996, 10, 338–348. 

48. Caro, T., Behavioural Ecology and Conservation Biology, Oxford 
University Press, Oxford, 1998. 

49. Festa-Biachet, M. and Apollonio, M., Animal Behaviour and Wild-
life Conservation, Island Press, Washington DC, 2003. 

50. Gosling, L. M. and Sutherland, W. J., Behaviour and Conserva-
tion, Cambridge University Press, Cambridge, 2000. 

51. Marsh L. K., Primates in Fragments: Ecology and Conservation, 
Kluwer Academic/Plenum Publishers, New York, 2003. 

52. Carroll, S. P. and Fox, C., Conservation Biology – Evolution in 
Action, Oxford University Press, Oxford, 2008. 

53. Allee, W. C., Animal Aggregations: A Study in General Sociology, 
University of Chicago Press, Chicago, 1931. 

54. Courchamp, F., Berec, L. and Gascoigne, J., Allee effects in ecol-
ogy and conservation. Environ. Conserv., 2008, 36, 80–85. 

55. Swaisgood, R. R. and Schulte, B. A., Applying knowledge of 
mammalian social organization, mating systems and communica-
tion to management. In Wild Mammals in Captivity: Principles 
and Techniques for Zoo Management (eds Kleiman, D. G., 
Thompson, K. V. and Baer, C. K.), University of Chicago Press, 
Chicago, 2010, pp. 329–343. 

56. Somers, M. J., Graf, J. A., Szykman, M., Slotow, R. and Gusset, 
M., Older bull elephants control young males. Oecologia, 2008, 
158, 239–247. 

57. Buss, D. M. and Greiling, H., Adaptive individual differences. J. 
Person., 1999, 67, 209–243. 

58. Watters, J. V. and Meehan, C. L., Different strokes: can managing 
behavioural types increase post-release success? Appl. Anim.  
Behav. Sci., 2007, 102, 364–379. 

59. Zinner, D., Hindahl, J. and Kaumanns, W., Experimental group 
encounters in lion-tailed macaques (Macaca silenus). Primate 
Rep., 2001, 59, 77–92.  



REVIEW ARTICLE 
 

CURRENT SCIENCE, VOL. 109, NO. 6, 25 SEPTEMBER 2015 1129

60. Stearns, S. C., Life-history tactics: a review of the ideas. Q. Rev. 
Biol., 1976, 51, 3–47.  

61. Nunney, I., The limits to knowledge in conservation genetics: the 
value of effective population size. Evol. Biol., 2000, 31, 179–194. 

62. Sambatti, J. B., Stahl, E. and Harrison, S., Metapopulation struc-
ture and the conservation consequences of population fragmenta-
tion. In Conservation Biology – Evolution in Action (eds Carroll, 
S. P. and Fox, C.), Oxford University Press, Oxford, 2008, pp. 50–
67. 

63. Rockwood, L. L., Introduction to Population Ecology, Blackwell 
Publishing, Malden, 2006. 

64. Blumstein, D. T., Social behaviour in conservation. In Social Be-
haviour Genes, Ecology and Evolution (eds Székely, T., Moore, 
A. J. and Komdeur, J.), Cambridge University Press, Cambridge, 
2010, pp. 654–672. 

65. Deans, D. R. et al., Finding our way through phenotypes. PLoS 
Biol., 2015, 13, 1–9.  

66. Dawkins, M. S., From an animal’s point of view: motivation,  
fitness, and animal welfare. Behav. Brain Sci., 1990, 13, 1–9.  

67. Alroy, J., Limits to captive breeding of mammals in zoos. Con-
serv. Biol., 2015, 29, 926–931.  

68. Schulte-Hostedde, A. I. and Mastromonaco, G. F., Integrating evo-
lution in the management of captive zoo populations. Evol. Appl., 
2015, 8, 413–422. 

 
 
 
ACKNOWLEDGEMENTS. We thank William Conway (Wildlife 
Conservation Society, New York), Markus Gusset (WAZA Executive 
Office, Switzerland), Jason Watters (San Francisco Zoological Society) 
and Linda Penfold (South-East Zoo Alliance for Reproduction and 
Conservation, Yullee) for comments and discussions. 
 
 
 
Received 12 June 2015; revised accepted 9 July 2015 
 
doi: 10.18520/v109/i6/1121-1129 

 
 
 
 
 
 
 
 
 


