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The field of  research in environmental enrichment aims at enhancing the welfare of  captive animals through the assessment 
and establishment of  adequate environmental and social features. It has generated significant amount of  data about procedures 
which may reduce stress and undesirable behaviors, and promote the performance of  the species-specific behaviors in captivity 
contexts. We here present a brief  introduction on the concepts and methods used in the area followed by indications of  possible 
advances through the integration of  behavioural and physiological data, the adoption of  a comparative perspective and the use 
of  an individual approach in research and in husbandry.
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Limites e avanços possíveis do enriquecimento ambiental para animais silvestres. 
A área de pesquisa em enriquecimento ambiental visa promover melhora na qualidade de vida de animais cativos através do 
estudo e da implementação de características ambientais e de interação mais adequadas. A área tem gerado conhecimento 
relevante para a redução do estresse e de comportamentos indesejáveis e para a promoção da exibição do repertório típico das 
espécies em animais mantidos no cativeiro. No texto, apresentamos uma breve revisão sobre conceitos e métodos utilizados na 
área, seguida da indicação de avanços possíveis, através da integração de dados comportamentais e fisiológicos, da adoção de uma 
perspectiva comparativa e do uso de uma abordagem individual na pesquisa e no manejo. 
Palavras-chave: enriquecimento ambiental, bem-estar, estresse.

Introduction

The maintenance of  captive animals in la-
boratories, farms, zoos and residences, serving the 
functions of  transport, education, entertainment, re-
search, conservation, companionship, among others, 
is a feature of  our society that deserves examination 
from the point of  view of  the efficiency and ethi-
cal implications. There are clear indications that the 
conditions of  captivity – deprivation of  the appro-
priate environmental conditions, in particular those 
the species has in the natural environment, and the 
influence of  inadequate aspects of  enclosures, hus-
bandry and interaction – can lead to physiological 
and behavioral problems in the animals. 

The concern about the welfare of  captive ani-
mals dates back to Yerkes (1925) and Hediger (1950, 

1969) and denunciations made by Morris (1964) about 
behavioral disorders in zoo animals. The increase in 
research on different management techniques and the 
implementation of  these in zoos has led to a condition 
propitious to the creation of  a new multidisciplinary 
area: environmental enrichment (Shepherdson, Mellen & 
Hutchins, 1998). This area, which develops close to 
the practice of  caring for captive animals, constitutes 
its own domain in applied research, in which it tries to 
determine, as accurately as possible, the positive and 
negative effects of  the environmental conditions of  
captivity on aspects of  animal behavior and physio-
logy, related to welfare; it is a relatively recent area of  
research in Brazil.

The definition of  environmental enrichment 
is obviously closely related to the criteria by which 
we define animal welfare. Increasing available alter-
natives of  choice for the animal, the wealth of  its 
social life, the availability of  new items in the enclo-
sure, the opportunities that it has to perform species-
-specific behaviors are some of  the strategies that are 
assumed to promote high levels of  welfare (Hurnik, 
1992; Young, 2003). Welfare definitions differ, but 
are generally related (a) to the quality of  biological 



38

Angélica da Silva Vasconcellos & César Ades

functioning; (b) to affective aspects (how the animal 
“feels”); (c) to the animal’s ability to cope with envi-
ronmental challenges (Duncan & Fraser, 1997).

The affective dimension is often considered 
essential to the definition of  welfare (Duncan, 1993). 
A notion most recently used is the sentience, which 
means “the ability of  an animal to evaluate the ac-
tions of  others in relation to itself  and to others, to 
remember some of  its own actions and their conse-
quences, to assess risks, to have some feelings and 
to have some degree of  awareness” (Broom, 2006, 
p. 26). The problem with this approach, however, is 
finding accurate and reliable criteria to assess these 
subjective aspects (Mendl, 2001; Schilhab, 2002). 

From another perspective, not necessarily in-
compatible, and more open to scientific evaluation, 
welfare is viewed as being associated to the animals’ 
strategies of  adaptation to the environment they 
face (Broom, 2006; Barnard, 2007). The idea is that 
“a primary right of  the animal is to live in an envi-
ronment that allows full expression of  its potential 
– naturally existent in the species, with perceptions, 
preferences and pre-programmed behavioral strate-
gies” (Ades, 2010, p. 114). Difficult, labor-intensive, 
incomplete adaptations constitute conditions that 
potentially lead to poor  welfare, and the indicators 
of  these conditions are likely to be carefully measu-
red and consequently evaluated. 

Today we have significant results of  the use 
of  these techniques in zoological environments, ob-
tained from the measurement of  physiological and 
behavioral evidence of  welfare. We are now more 
prepared to reduce undesirable behavior, to create 
conditions in which the animals can express species-
-typical characteristics (Seidensticker & Doherty, 
1996) and, ultimately, to preserve and recover the 
behavioral skills necessary for a possible reintroduc-
tion of  the animal into its natural environment. Ho-
wever, there is still much research to be done and the 
general theoretical framework for the area is to be 
built. In this paper, we present the broad outline of  
the recent effort in the area of  environmental enri-
chment for wildlife, pointing out aspects which seem 
deserving research attention.

Welfare assessment

Studies on welfare and stress in wild animals 
generally use as parameters for evaluation behavio-
ral and/or physiological indicators. Behavioral asses-
sment of  the status of  captive animals, their level of  

stress and the effects of  enrichment relies on beha-
vioral sampling  and ethological description techni-
ques (Lehner, 1998), with emphasis on responses that 
point to adjustment disorders; among them the repe-
titive acts known as stereotypies. Stereotypies can be 
quantitative – overactivity, excess water intake etc., 
or qualitative – behavior that the individual would 
never exhibit in nature and seems to serve no func-
tion: false chewing, repetitive and aimless walking 
(pacing), among others. 

In the physiological approach, among other 
things, the levels of  certain steroids which are kno-
wn to be associated with stress are assessed (they are 
secreted in situations involving physical injury or 
that require dealing with environmental challenges). 
Unpredictable and threatening environmental com-
ponents promote an “emergency state” resulting in 
changes in endocrine and metabolic patterns in the 
body. The environmental stimuli that lead to such 
changes in the organism are known as “stressors” 
(Möstl & Palme, 2002).

In warm-blooded animals, the efficiency of  
responding to stressful circumstances depends on the 
operation of  two axes: the sympathetic-adrenal-me-
dullary axis (SAM) and the hypothalamic-pituitary-
-adrenal axis (HPA). SAM axis hormones facilitate 
quick, explosive responses at a high energy cost, acti-
vating the cardiovascular, pulmonary, muscular and 
central nervous systems in the face of  imminent dan-
ger. There is a general sympathetic activation, which 
is not sustainable for a long time, being limited to 
the elasticity of  systems under the influence of  these 
hormones (Gerra et al., 2001). 

The release of  adrenocorticotropic hormone 
(ACTH) is part of  the cascade produced by the HPA 
axis. This hormone activates the adrenal cells for the 
synthesis and secretion, in a matter of  minutes, of  
glucocorticoids, primarily cortisol and corticostero-
ne. Glucocorticoids typically have the functions of  
glucose modulation, amino acids mobilization and 
immune response modulation (Eckert, 1998), lea-
ding to metabolic changes related to energy produc-
tion and the diversion of  their usual route. Rather 
than being principally invested in physiological pro-
cesses that are not essential for immediate survival, 
such as digestion or growth, energy is directed to 
the processes that allow the animals to deal with an 
emergency situation (Munck, Guyre & Holbrook, 
1984; Sapolsky, 1992).

Stress, as a physiological mechanism, is not 
necessarily harmful; it is part of  a selected strategy 
for facing challenging situations (Moberg, 2000). 
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Glucocorticoids can be released in response to situ-
ations not normally considered as stressful such as 
courting, mating and hunting (Broom & Johnson, 
1993). The positive or negative effects of  stress de-
pend on the context and duration of  the stressors 
(for a review, see Koolhaas et al., 2011). In relatively 
short periods of  stress glucocorticoids increase the 
body’s capability, facilitating the reception of  stimuli 
and mobilizing the motor system (Raynaert, De Pa-
epe & Peeters, 1976). However, prolonged periods, 
in which cortisol levels are maintained chronically 
high, can reduce individual fitness by leading to im-
munosuppression and tissue atrophy (Munck, Guyre 
& Holbrook, 1984).

The measurement of  glucocorticoid hormo-
nes can be used to monitor adrenal activity and, the-
refore, assess the level of  physiological disturbance to 
which animals are subjected (Möstl & Palme, 2002). 
In studies focusing on welfare, non-invasive sampling 
methods are the most recommended: determining 
the concentration of  glucocorticoids, or metabolites 
of  these, present in urine (Hay & Mormède, 1998), 
saliva (Cooper et al., 1989), milk (Verkerk et al., 
1998) or in faeces (Möstl & Palme, 2002).

Many studies have achieved an accurate as-
sessment of  welfare conditions through the combi-
ned use of  different indicators (hormonal and beha-
vioral, for example, Doyle, Baker & Cox, 2008; Mo-
reira et al., 2007; Shivik et al., 2009). However, one 
of  the existing questions, in the assessment of  cap-
tive animal conditions, is related to the relationship 
between these indicators. They do not necessarily 
coincide and can lead to disparate, sometimes even 
conflicting conclusions. The progress of  the area de-
pends on studies that aim at describing the complex 
two-way process, through which behavior and hor-
mones (or other physiological indicators) are integra-
ted and thus guide animal responses to changes in 
their captivity environment.

Improvement in the environment

Although they are often intended to approxi-
mate the captive environment to the species’ natural 
life conditions, enrichment interventions have to be 
made within the limits of  captivity and within the 
contingencies of  the indispensable contact with hu-
mans. The situation of  captivity creates new contexts 
to which research and husbandry have to deal with. 

The assessment of  possibly harmful aspects 
of  the captivity environments is the first step of  the 

analysis. Predictability and lack of  novelty are cha-
racteristics that typify many of  these environments. 
Animals are often kept in small enclosures with lit-
tle stimuli, to which they become accustomed, and 
are subjected to repetitive management practices. 
In contrast, the natural environment constitutes a 
variable and not always predictable scenario, which 
stimulates the calculation of  courses of  action from 
probabilistic parameters. It often challenges previou-
sly found solutions and thus stimulates the exercise of  
cognitive processes. Animals devote a significant part 
of  their time to exploratory behaviour, and dealing 
with environmental variability and novelty is part of  
their natural repertoire. Studies have demonstrated 
the need to carefully promote environmental chal-
lenges for captive animals (Hediger, 1950; 1969; Ma-
rkowitz, Aday & Gavazzi, 1995; Vasconcellos, Ada-
nia & Ades, 2012; Yerkes, 1925; for revisions, Lutz 
& Novak, 2005; Shepherdson, Mellen & Hutchins, 
1998; Wells, 2009; Young, 2003). 

Captive environments may cause harm to 
animals by not offering full opportunity to perform 
species-typical behavior. The assumption here is that 
it is necessary for animals, for their welfare, to imple-
ment repertoires and strategies that constitute their 
means of  survival in natural conditions (Shepherd-
son et al., 1993; Murray, Waran & Young, 1998; Ra-
bin, 2003; Young, 2003; Kistler et al., 2009). 

Also relevant, in the characterization of  cap-
tive environments, is the detection of  potential sour-
ces of  stress and aspects of  management that reduce 
animal control over their immediate environment. 
Zoo enclosures establish an environment in which 
certain events are inevitable and the margin of  con-
trol that animals have on this environment is redu-
ced. One such condition is the absence of  a refuge 
in the exhibition enclosure: causes the animals to be 
literally exposed, and offers no alternatives of  escape 
(Shepherdson, Mellen & Hutchins, 1998). Imposing 
constant contact with humans can also be a factor 
affecting welfare. To what extent this contact can or 
should be modulated by the animals themselves is a 
relevant issue for research and management. 

There are many ways in which it is possible 
to improve a captivity environment. Their descrip-
tion and use depends on research investment in an 
ethological/clinical approach, combined with phy-
siological techniques which take into consideration 
specific and individual characteristics of  the animals 
studied. Aspects already reasonably addressed, in 
terms of  intervention, are the need to promote, in 
animals, a more active and exploratory interaction 
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with their environment, an increased likelihood that 
adaptive strategies and “species-typical” behaviors 
can be expressed and the reduction of  aversive, thre-
atening and stressful conditions, aspects potentially 
inductive of  behavioral maladjustment (Universities 
Federation for Animal Welfare [UFAW], 2000, p. 3).

Useful experimental design

Research on environmental enrichment with 
wildlife usually has a reduced number of  individuals. 
Consequently, most of  the studies use, rather than 
experimental designs with different samples (keeping 
a group as control), a longitudinal design, with repe-
ated measures, along which the physiological and/
or behavioral patterns are compared under different 
conditions (Baseline/Enrichment, Baseline/ Enrich-
ment/Baseline etc.). 

Designs that allow animals to choose between 
two or more environmental alternatives are an im-
portant complement to studies with repeated mea-
sures (Bean, Mason & Bateson, 1999; Heizmann et 
al., 1998; Inglis & Ferguson, 1986; Mason, Cooper & 
Clarebrough, 2001; Pines, Kaplan & Rogers, 2007; 
Vasconcellos, Adania & Ades, 2012). Preference tests 
allow animals to express their own scale of  needs 
(Dawkins, 1990); thus provide relevant criteria, ex-
plicit in the behavior of  the animals themselves, for 
the development of  the ideal environment. 

Positive effects of  enrichment

Recent results confirm the efficiency of  enri-
chment interventions in reducing undesirable beha-
vior or stereotypies (Caws, Wehnelt & Aureli, 2008; 
Prado, Vasconcellos & Ades, 2007; Swaisgood et al., 
2001; Wells & Irwin, 2008) and in increasing beha-
vioral diversity or the performance of  species-typical 
behavior (Basile et al., 2007; Dishman, Thomson & 
Karnovsky, 2009; Kistler et al., 2009; Shivik et al., 
2009; Turner & Granthan, 2002; Wells & Irwin, 
2009). In some studies, both increased activity and 
exploration, as well as a reduction in atypical beha-
vior were promoted (Csatádi, Leus & Pereboom, 
2008; Gupta, Prakash & Sinha, 2007; Mallapur, 
Waran & Sinha, 2007; Skibiel, Trevino & Naugher, 
2007; Therrien et al., 2007; Videan et al., 2007). In-
tegrating behavioral data with hormonal evidence 
(cortisol levels, Doyle, Baker & Cox, 2008; Morei-
ra et al., 2007; Shivik et al., 2009, immune system 

responses; Capitanio & Lerche, 1998; Schapiro et 
al., 2000, changes in weight without increased nu-
tritional consumption; Schapiro & Kessel, 1993) has 
expanded the field of  analysis. 

Possible limits and advances 

Enrichment interventions may, sometimes, 
lead to innocuous (Burgener, Gusset & Schmid, 
2008; Hanbury et al., 2009; Liu et al., 2006; Scha-
piro et al., 1993; Spring, Clifford & Tomko, 1997; 
Wells et al., 2007; Wiedenmayer, 1998), or even har-
mful results (Hahn, 2000). Certain enrichment tech-
niques are only effective in certain contexts, or for 
certain species (Wells, 2009). Even when significant 
changes are achieved in certain parameters of  welfa-
re, it is worth considering the need to perform causal 
analysis to broadly understand the produced effects. 
It is common in enrichment studies, for example, to 
increase the difficulty to reach food, thus creating 
higher levels of  foraging activity (Cummings et al., 
2007; Shivik et al., 2009). This increase, however, 
does not necessarily mean that there has been an in-
crease in welfare: it simply shows that the animals re-
acted to an environmental challenge by modulating 
their behavior.

Interpreting a behavioral or physiological 
change as positive depends on the context in which it 
was obtained. Even an increase in the concentration of  
glucocorticoids, an effect opposite to what many stu-
dies seek, can paradoxically represent an indicator of  
success. A variation of  external conditions, the necessi-
ty of  “solving problems” and the investment of  effort, 
that take animals out of  a poor and repetitive environ-
ment, can pose challenges and generate an increase in 
the glucocorticoid concentration. Some studies found 
indications that increases in the concentrations of  the-
se steroids may occur in association with signs of  im-
provement in welfare (Beattie et al. 2000; Marashi et 
al. 2003).

Behavioral or hormonal differences observed 
between males and females, and even between indi-
viduals – the result of  genetic differences, age, past 
experience etc. – complicate the picture and show 
the limitations of  the search for general enrichment 
strategies. Opposite hormonal effects were found 
between individuals in maned wolves that were 
subjected to standard food enrichment procedures 
(Cummings et al., 2007; Vasconcellos et al., 2009). 
Vasconcellos (2009) showed that this difference was 
related to the animal’s temperament profile. Other 
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studies used analyses that considered the individu-
al differences in temperament or personality as ex-
planatory variables (Bremner-Harrison, Prodohl & 
Elwood, 2004; Cooper & Mason, 2000; Harri et al., 
2000; Kirkden & Pajor, 2006; Koolhaas et al., 1999; 
Mason, Cooper & Clarebrough, 2001; Powell & 
Svoke, 2008; Raffa, Havill & Nordheim, 2002; Wal-
sh & Cummins, 1976).

Although the general principles of  maintenan-
ce and management in zoos can be issued at a species 
level, we must, in most cases, complement this kno-
wledge with data regarding individual characteristics 
of  the animals. Enrichment interventions are clinical 
interventions, that can be potentialized if  the past ex-
periences and behavioral profiles of  the animals are 
taken into account. Behavioral tests that evaluate the 
temperament profile of  individuals can be helpful in 
choosing the appropriate enrichment technique.

Often, the principles that work for a particular 
species, even general ones, will not necessarily work for 
another. Comparative studies of  enrichment are essen-
tial, as in any other area of  Ethology. In addition to 
the classic welfare measures (absence of  stereotypies, 
occurrence of  exploratory behaviors etc.), it is pivotal 
to consider the ecological rules that define the welfare 
of  each studied species.

The conclusion that enrichment occurred is 
often made from studies that have limited duration. 
The positive effects can be momentary, linked to the 
changes in management, with no guarantee of  per-
manence, which is the basic objective of  enrichment. 
An ideal scheme would include an extended assess-
ment, in order to check the permanence or the fragi-
lity of  the changes achieved. In some of  the studies 
that have bothered to include, after the assessment 
of  enrichment, a second round of  observations, no 
lasting effects of  improvements were found (Boinski 
et al., 1999, Vasconcellos et al., 2009; Vasconcellos, 
2009).

Environmental enrichment must be imple-
mented, in most cases, as a permanent husbandry 
protocol, not as an occasional intervention. It can 
even be used as a preventive practice – a way to 
protect animals which have not yet exhibited inju-
rious effects of  the stress of  captivity. A step forward 
would be to adopt a philosophy of  enrichment that 
is not restricted to correction, but seeks to improve 
the animals’ physical and psychological health, even 
in animals that appear to be in perfect condition. 
There is a whole field of  preventive enrichment, in 
addition to the enrichment that seeks to remedy pro-
blems that have already been detected. 

Conclusion

Environmental enrichment, which in many 
cases, has proven effective in improving the quali-
ty of  life of  captive animals, still requires a research 
effort to unlock the processes in play and at the same 
time expand the area’s theoretical basis and its prac-
tical efficiency. Our basic suggestions, quickly outli-
ned here are related to the need to examine the seve-
ral indicators of  welfare – behavioral, physiological 
– of  captive animals, seeking to understand their 
(interactive) influence on  animal behavior, adopting 
an ethological, comparative perspective,  focusing 
on behavioral functions and considering individual 
characteristics and preferences, both in research and 
in the management of  wild species kept in captivity. 
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