
 
 

Bringing the Wild Inside the Lab 
The Enrichment Dilemma 

Recent studies have shown that enrichment improves the results 

of laboratory experiments, but it can make experiments more 

expensive and labour intensive. How much enrichment is 

sufficient? 

Vera Baumans and Helen Kelly  

Every species in the zoological kingdom is endowed with innate 
behaviour patterns tied to a place in the predator chain, and each 
creature is impelled by the very force of nature to express those 
patterns. That is not in dispute. Yet, providing opportunity for 
experimental animals to express species-specific behaviour 
remains a dilemma, for several reasons. 

Repressing natural behaviour produces anxiety and stress, 
irrespective of the species, which is a sad and sorry state for the 
animal and affects the outcome of the experiment. However, until 
recently, bringing the wild inside the lab has not seemed 
financially or logistically practical. And, some people who accept 
the notion of innate behaviour across the fauna—yet believe that 
only humans are sentient— conclude that the extra expense isn’t 
necessary. 

Also, the specification for an environment that sufficiently allows 
expression of innate behaviour is not generally agreed, so people 
who speak about such environments—called enriched 
environments—often have very different practices in mind. In the 
field of neuroscience, enrichment provides for an extremely 
stimulating environment, as the aim is to stimulate the brain as 
much as possible in order to enhance learning and memory 
capacities. From the point of animal well-being, enrichment 
(perhaps here more aptly characterised as refinement) provides 
for the animal’s species-specific basic needs and opportunity to 
express them, in order to minimise animal suffering and gain the 
best possible data. This is consistent with the aim of reduction 
and refinement in the practice of animal research, and calls for 
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tailoring enrichment to the animal and the research goal. In 
addition, perhaps thanks to the widely publicised notion of 
enrichment as palliative for animal welfare activists, in some 
quarters enrichment has taken on the patina of novelty and 
fashion, as if enrichment equals anything added to the standard 
cage. 

Considering investigators and research institutions, there is the 
matter of calculating the trade-off between potential benefits to 
experimental results of providing for natural behaviour, and the 
costs in time, energy, and money of doing so. And there is the 
difficult issue of coping with change—in expectations, 
perspective, and behaviour. Rife as they are with false starts and 
growing pains, such changes can be slow-going and difficult for 
individuals and organisations, and may ruffle feathers among 
vested interests. 

ENRICHMENT AS PREVENTION 

A recent, distinguished cancer study brings this problem of change 
straight to centre stage. 

Matthew J. During, Professor of Molecular Medicine and 
Pathology at the University of Auckland in New Zealand where he 
directs neuroscience and gene therapy programs, and colleagues 
demonstrated that in an enriched environment mice are less 
susceptible to cancer. Specifically he found that an enriched 
environment caused melanoma and colon cancer remission and 
inhibition—and also that exercise alone didn’t produce this result. 
Dr During defines enrichment as complex housing with sensory, 
cognitive, motor, and social stimulation that offers dynamic social 
interaction, exposure to novel objects, and enhanced physical 
activity. He says that such housing influences the interaction 
between the central nervous, endocrine, and immune systems. 

Here is a recap of the study and findings. Investigators randomly 
assigned three-week-old C57BL/6 mice to either environmentally 
enriched housing, with 18-20 mice to each habitat, or to grouped 
control housing with five mice per cage. The animals lived in their 
assigned homes for three or six weeks and then investigators 
injected all the mice with melanoma cells. Over the course of 
seventeen to nineteen days, investigators measured tumour size. 

Among mice housed in the enriched habitat, the mean volume of 
the tumour was 43% smaller than those in the control habitat for 



those who had benefitted from three weeks’ prior experience in 
enriched housing, and 77.2% smaller among the six-week group. 
All control group animals developed visible solid tumours; yet 5% 
of mice in the three-week group and 17% of mice in the six-week 
group had no visible tumours. Tumours grew more slowly and 
appeared later among the enrichment population, and at the end 
of the experiment, day 19, 15% of the mice in enriched housing 
had no visible tumours. 

Dr During and his colleagues investigated the effect of enriched 
housing on cancer remission and inhibition over a period of five 
years using 1,500 mice. They reproduced these results injecting 
both melanoma and colon cancer, and systematically tested the 
impact of individual variables in the housing provision. This is a 
compelling example of the potential for environment to evoke 
protective mechanisms, and a compelling argument to adopt 
species-specific enriched housing wherever possible—despite the 
possibility that it could call into question the utility of data from 
standard cage housing. 

HOW MUCH ENRICHMENT IS NEEDED? 

Returning to a simpler, more immediate aspect of the dilemma, 
there is ongoing conversation about how much enrichment is 
sufficient. As it turns out, this is in and of itself an area of ongoing 
investigation. Scientists are building increasingly detailed 
ethograms of species-specific behaviour, and slicing them by 
activities, behaviours, and functions. These categories suggest 
more discreet groupings such as individual behaviours versus 
social behaviours and dominance versus territoriality. So the 
question of enrichment is not a one-type fits all; actually it may 
well be a matter of basing the design of both environment and 
experiment on deep knowledge of the experimental animal. 

One question among the many that remains open has been of 
interest since the 1940s when Canadian psychologist Donald Hebb 
took some rats home with him and later observed that rats who 
spent time away from the cage showed behavioural 
improvements: does a complex, structured environment affect 
standardisation of results and so reproducibility? 



Evidence suggests that 
improving welfare by 
refining the environment 
does not preclude 
standardisation. In one 
study, we implemented 
two standard enrichment 
items (shelters, nesting 
materials) for rats and 
mice at different animal 
units. We instructed the 
animal care staff in 
monitoring the use of 
enrichment items by the 
animals by means of a 
daily score sheet system.  

 

 
The animal staff’s viewpoint on practicality of the standardised 
enrichment program was assessed with a monthly score sheet 
survey. Also we assessed whether the enriched environment 
affected breeding results and contributed to an increase in 
variation of experimental data from several participating current 
studies. Our results show that the animals readily used the 
enrichment items we provided (Figure 1). Breeding results and 
variation in experimental data did not reveal differences as 
compared to data from previous housing and/or non-enriched 
housing conditions. Overall, the results indicate that standard 
environmental enrichment that is species appropriate may 
enhance the animal’s well-being without undesirable side effects 
on the experimental outcome and daily working routine of the 
animal care staff. This remains a fertile area for study. 

Of course there is so much else to consider and to do. Looking 
closely at the literature, we find that much environmental 
enrichment focuses on the animal’s home life—homely odours 
and parenting, and the day-to-day behavioural repertoire that 
comprises socialising, hiding, eating, resting, nest-building, 
marking territory, foraging, gnawing, and avoiding boredom. But 
what of the world in which the species evolved—a world of light 
and colour, sound and smell, of interspecies communication, 
seasonal changes, earth, flowers, and the sound of wind? What 
might be the impact of deprivation vis-à-vis visual, auditory, and 



the larger world’s olfactory stimuli which decidedly influence the 
animal’s internal readiness to act and react? 

Nevertheless, setting aside for now (though not dismissing) 
differing definitions of sentience, recent research suggests that 
providing for the expression of natural behaviour by enriching the 
animal’s lab habitat produces benefit to the animal and to the 
investigator: the animal seems happier and the data, obtained 
from more normal animals, are more reliable. Furthermore, in the 
biomedical testing arena, investigators are finding that enriched 
housing is a tool for obtaining faster, better results. 

So, we will report on three more studies. One reports that innate 
behaviour endures even among generations bred in the lab. 
Another reports that social living triumphs over Parkinson’s 
disease. The third demonstrates that a fully natural habitat, 
topsoil and all, can improve cortical plasticity by orders of 
magnitude. And, we will note some novel studies about adding 
music and colour to the enrichment toolkit. After that, it’s over to 
you. We hope to inspire conversation and enquiry as the entire 
biomedical community grapples with this important, thorny issue. 

REVERTING TO WILD STATES 

Stimulating just one of a rat’s whiskers within a critical time 
window derails a stroke, and vessels that carry blood away from 
the assaulted site widen to ensure the blood’s safe passage. 
Stimulating a person’s fingers and lips may kick start the same 
biosafety system. There is no longer any doubt that animal bodies 
have evolved over millions of years finely tuned for survival. Yes, 
each species may have distinct innate behaviour patterns, yet 
there are underlying first principles and all are subtle, deftly 
discreet and exquisitely fit for purpose. 

Here’s persuasive evidence. In his award-winning film The 
Laboratory Rat: A Natural History, Dr Manuel Berdoy, a zoologist 
at the University of Oxford, demonstrates that generations of rats 
reared from birth in the lab return instantaneously to behaviours 
in nature. On his website, www.ratlife.org, Berdoy sets out these 
reasons for making the film. 

1. When keeping animals in captivity, it is important to know 
what they have evolved to do. Progress in animal welfare is, 
to a large extent, driven by a combination of awareness, 
willingness, and facts. This film aims to be relevant to all 
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three by reviewing the range of behaviours and needs which, 
despite generations of domestification, remain innate and 
ready to be expressed when given the opportunity. 
 

2. It is also relevant for scientific reasons: even the most casual 
of scientists, exclusively interested in mechanisms, are, in a 
sense, studying the product of evolution. Indeed, millions of 
years of evolution have made the rat one of the most 
successful social omnivores on the planet. An admirable 
species (and also a very good pet) such is the range of its 
talents that a guide of what is important to a rat becomes a 
guided tour of the central issues in animal behaviour 
(including, to a certain extent, our own) and welfare. 

“Shot as a wildlife documentary over several months”, Dr Berdoy 
writes on his website, “this 27- minute film follows the lives of 
domestic rats after being released in a large outdoor enclosure 
where they have to compete, like their wild cousins, for food, 
shelter, and mates. “ 

As we witness the emergence of a complex and structured society 
which soon thrives in this wild environment, the film 
demonstrates how studies ranging from physiology to psychology 
have uncovered a number of features which, despite generations 
of domestification, remain ready to be expressed when given the 
opportunity. We may have taken the rat out of the wild, but have 
we taken the wild out of the rat”? 

This and other research confirms the necessary relationship 
between features in the environment and the animal’s expression 
of inbuilt behaviour patterns. And Dr Berdoy has helped to 
illustrate a compelling principle: the more the system operates in 
balance and harmony, the less the animal is stressed and the 
more confident you can be—in such realms as histology, 
neurology, endocrinology, and behaviour—about usefulness of 
experimental results. 

Thanks to years of commitment and investigation on the part of 
scientists around the globe, we have a rich foundation of 
knowledge about the needs of commonly-used research animals 
including rodents, rabbits, dogs, cats, primates, and birds. And we 
know that standard rack caging may alter brain function and 
render rodents ineffective for neuroscience research. It is 
established that we can provide for some of their important 
needs in the animal lab by refining their housing. Evidence that 
innate behaviour endures despite years of disuse supports more 



general assumptions that attending to the animal’s needs—
physiological, social, and emotional— safeguards the animal and 
helps to minimise pain and suffering. 

DISEASE PREVENTION 

Here we introduce some very recent findings that, if replicated, 
may demonstrate a direct relationship between refined 
environments and prevention or delayed onset of—and perhaps 
cure for disease— without surgery or pharmaceutical remedies. 

Charlie Meshul and research assistant Natalie Goldberg, both at 
the Veterans Hospital and Oregon Health and Science University, 
tested the impact of an enriched environment on animals with 
induced Parkinson’s disease (Figure 2). After three weeks in this 
mouse world, both young and aged mice showed restored 
neurons of 53% and 52% respectively compared to the control 
group held in standard cages. 

This new restoration of nerve cells correlated to free-standing 
rearing in both groups and reduced stumbling in the aged 
population. Parkinson’s animals use the cylinder walls of their 
cage well over 75% of the time when rearing, while healthy 
animals use the walls to rear generally about 50% of the time. 
Recovering animals reduced their dependency to use the wall 
back to the level of the control group (Figure 3). Both rats and 
mice rear or stand erect to sniff and explore their surroundings. 
Rats stand upright for play and agonistic boxing. 

“Animals in the play house showed greater behavioural strength 
and fewer lost brain cells”, Dr Meshul said. “We’re looking at the 
possibility of delaying onset of the disease, slowing the 
progression, and reversing behavioural deficits—without drug 
treatments”. 

Earlier studies have shown that among mice treated with MPTP, a 
neurotoxin that induces Parkinson’s disease, mice from an 
enriched environment showed 40% loss of dopamine neurons, 
while mice in standard cage housing showed a 75% loss of 
dopamine neurons. 

How long do the effects endure? Does another neurotransmitter 
system take over even in a sterile environment? Is the effect due 
to the toys or simply to the number of animals in the dynamic 
cage? Dr Meshul plans to pursue these questions, but a 



preliminary study of cage population—two versus ten— suggests 
that community could be an even more powerful neuroprotector 
than the physically enriched environment. 

 

 

  

 



BACK TO BASICS 

Ron Frostig’s lab has a naturalistic habitat—a more naturally 
enriched environment promoting the expression of innate 
behaviours not seen in a cage or even in what investigators refer 
to as a classical enriched environment. 

“It makes sense”, Dr Frostig, Professor of Neurobiology, 
Department of Neurobiology and Behaviour at the University of 
California, Irvine says. “Were we to take a human model of 
disease and run a test by locking a man or a woman in a barren, 
antiseptic space with barely enough room to pace and nothing to 
do but eat and drink, would you trust the research results as a 
model of a normal, healthy brain? And what would you say about 
the probable utility of research were several people locked up 
together in that same space? 

“This is an age-old question, of course: what type of animal model 
serves as an optimal model for the human condition and disease? 
The answer is: it’s hard to tell. Naturally, if we ran simultaneous 
sibling trials—one sib in a sterile cage, one in an enriched cage, 
and one in the wild—we’d know much more about the credibility 
of animal models. Nonetheless, I’ll take imperfect confidence 
because biomedical research is vital. So the compromise is 
allowing the animal to express innate behaviours to the extent 
that budget and space permit, because to the extent the animal 
suffocates innate behaviours the animal becomes anxious, 
stressed, and frenzied, rendering results suspect at best. 

“It’s true; enriched environments raise a new set of important 
questions. How long is long enough in a refined environment? 
What is the hierarchy of innate behaviours and which ones must 
we provide for always? How much enrichment is sufficient (e.g., 
are a few toys in a wider cage enough? How wide a hiding space is 
wide enough?) And, are the answers to all these questions 
consistent across species? 

“With those thoughts in mind, we set out to create housing that 
would allow adult rats to be themselves in basic ways. We 
referred to it as naturalistic, because it would actually incorporate 
some features of the wild. And, specifically, we included features 
that would enable innate behaviours, such as tunnelling, foraging, 
and unlimited social interactions that also promote intense 
natural whisker use—the tactile system we were investigating. 



“The habitat is a tank 2m in diameter and 1m high. Since the rat is 
a night hunter who lives in the dark in tunnels underground, we 
filled the habitat with packed sterilised topsoil. Thus the rats can 
dig, hide, explore, and play (Figure 4). 

“We positioned a variety of tactile stimuli (e.g. adhesive tapes 
with varied textures, holes in the tunnels in varied spatial 
patterns, protuberant metal bolts) at locations likely to be 
contacted by the whiskers as the rats navigate their way through 
the tunnels. We used modular pipe constructions we could 
redesign at will. 

“To vary the environment, we place food and water at the end of 
only a few tunnels and change the locations daily. Additionally, we 
disassemble, clean, and reassemble the entire above-ground 
tunnel system in a new configuration once each week. 

“Our study was of cortical plasticity in adult male rats transferred 
into the naturalistic habitat from standard cages—those small, 
plastic, sterile environments where there is little if any stage on 
which to play out innate behaviours. We used functional imaging 
and neuronal recordings of the same cortical whisker 
representations in the same adult rat before and after they were 
transferred to the naturalistic habitat (NH) for 28 days. The 
transfer induced large-scale plasticity of the whisker 
representations within the somatosensory cortex, as compared to 
pre-transfer baseline, and to whisker representations in rats that 
stayed in their standard cage for the same period of time and 
showed no change in their representations.  

In addition, we studied the underlying molecular plasticity 
induced by transfer to the NH as compared to standard cage 
controls. We found that even a period as short as two days in the 
NH already induced significant molecular changes in the 
somatosensory cortex, changes that grew further when rats were 
transferred for seven and 28 days respectively. 

“You know, I would sometimes go at night to stand quietly near 
the NH illuminating it with red light, which they don’t see, and I 
can tell you—they don’t stop moving in and out of their tunnels 
and interacting with each other. If I were pressed to interpret 
their behaviour in human terms, I’d say they are energetic, 
playful, and curious; but whatever they experience it is decidedly 
positive in terms of learning, memory, and plasticity. We 
concluded, happily, that this type of enrichment allowed the 



animals’ brains to function as brains are intended to function in a 
natural environment, and that we had an animal model 
potentially more relevant to humans”. 

CONCLUSION  
 
Some studies, going 
further afield, are 
expanding our view 
on the extent to 
which we might 
benefit by fully 
refining lab housing 
for experimental 
animals. We 
summarise the 
sound bites here. 

 
Providing termite mounds for chimpanzees promotes foraging 
and social interaction. Mice housed in enriched environments 
showed decreased cancer growth and remission. Mice benefitted 
most from social housing after surgery, rather than from solitude 
or access to near neighbours. It has been established that play 
was important 4,000 years ago and scientists have confirmed that 
a common ancient body clock keeps all living things on time.  

Exposure to serenades and blue filters mitigated some debilitating 
effects of restraint in barren, unstructured cages. Environmental 
enrichment improved response strength, threshold, selectivity, 
and latency of auditory cortex neurons. Both predator odours and 
overcrowded mouse odours affected oestrous cycles in mus 
musculus. 

So, the bar is raised now; environmental refinement is a baseline, 
not luxury. Still, many propose that the habitat must include 
opportunities for exploring, foraging, exercising, playing, nesting, 
and socialising while others maintain that being in a large social 
group is more powerful than all those opportunities taken 
together. So the conversation continues but the bottom line is 
this: research has shown that the more a lab habitat simulates the 
natural world, the more natural a life the animal enjoys and the 
more promising your potential for reliable results may be. 
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