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AEC 4.4.2 	Guidelines on animal enrichment
1 Purpose
[bookmark: _Hlk133409919]The purpose of this document is to provide guidance on the enrichment principles that can be applied to the species of animals most commonly used at the University.
2 Rationale
The Australian code for the care and use of animals for scientific purposes (8th Edition) states that 
“Animals must be provided with accommodation, physical and social environmental conditions, food, water and care to meet species-specific or strain-specific physical and behavioural needs” (3.2.13). 
The NSW DPI audit of November 2023 commented that the AEC should “continually strive to deliver and enhanced/enriched environment for animals.” In response to this, CSU has proposed that guidance material should be developed on enrichment principles and practical suggestions to support the above requirements.
3 Environmental enrichment principles
Environmental enrichment (EE) involves enhancing the quality of the animal’s captive environment to achieve higher levels of welfare. The aims of EE are to increase behavioural diversity, reduce abnormal behaviour, increase positive use of the environment and increase the ability of animals to cope with challenges. To meet these aims EE must be tailored to the specific species, age and needs of individuals and any EE program requires evaluation and assessment to determine its effectiveness. To support these aims the following key principles should be considered:
Promote natural/normal behaviour: EE should promote the expression of species-typical behaviour, with particular attention to activity levels, foraging, exploring, socialising if applicable and positive behaviour such as playing.
Discourage abnormal behaviour and states: EE should aim to prevent exposing animals to conditions that trigger the development of abnormal behaviour or place the animal in states analogous to frustration and boredom.
Consider individual needs: EE should be tailored to the specific needs of the species (and breed if relevant) and should consider the animal’s age, sex and social status, and may need adjustment due to seasonal or other external changes.
Ensure safety and health: EE should not compromise health and should not pose a risk of injury or distress.
Ensure continued stimulation: EE should be provided to support cognitive function and development and be regularly monitored and evaluated to ensure effectiveness.
4 Types of environmental enrichment
EE involves heterogenous methods to improve animal welfare and below is a list of the five major types of EE, to assist researcher develop a comprehensive approach to EE and improving welfare:
Social: If appropriate for the species and individual, consider contact with conspecifics (pair, group, temporary, permanent) and contraspecific (human, non-human). Also consider non-contact (e.g. visual, auditory and olfactory) exposure.
Physical: In many cases as much space as possible is beneficial, but also consider the complexity of the space, including areas for different behaviour (e.g. foraging, resting, escaping conspecifics). Consider access to internal and external environment, and the use of permanent features (e.g. furniture, bars) as well as temporary features (e.g. devices, substrate).
Occupational: Considering the species-specific needs to the animal, consider EE items that provide psychological stimulation and/or control over the environment, including learning, problem-solving and decision-making, and in many cases providing opportunities and resources to encourage greater activity will enhance animal welfare.
Sensory: Careful consideration should be made to the sensory ability of the animal, and the potential for sensory stimuli to be both a source of enrichment but also a source of considerable distress. Visual, auditory, olfactory, tactile and depending on the species all sensory inputs should be considered.
Nutritional: Feeding should in almost all cases go beyond merely meeting nutritional needs and should consider the species-specific behaviour of foraging/hunting, food handling and consumption. Aspects to consider are the mode of delivery (e.g. frequency, schedule, presentation, processing) and types of food (e.g. novelty, variety, browse, treats).
5 Practical suggestions for species-specific enrichments
5.1 Fish2
Environmental enrichment is generally associated with enhancing animal welfare, however, before enrichment procedures are implemented, there is a need to evaluate whether the changes made to an animal's environment enhance animal welfare. The diversity in life history patterns, physiological, behavioural and environmental requirements of the 28,000 or so different fish species are wide ranging and suitable conditions and enrichment for one species is not necessarily transferable to another. These potential differences suggest that a species-specific approach is needed to consider environmental enrichment of captive fish species. Considering how best to proceed, information concerning the natural history of the proposed species and how this compares to the planned captive setting may help to identify specific needs and to determine whether these needs can be met in the laboratory. The following table provides some suggestions and examples that researchers may wish to consider when developing an EE protocol for fish.
Table 1: Commonly used techniques of environmental enrichment within the home aquaria
	Enrichment
	Potential advantages
	Potential disadvantages

	Substrate
	· Provides extra biological filtration
· Anthropomorphically, it gives fish a natural substrate (but species specific)
	· Can cause high organic loading
· Time consuming to clean
· Hard to remove certain parasitic diseases

	
	· Provides material for some species to exhibit spawning behaviours, building nests or territory marking
	· Dead fish may be trapped causing ammonia spikes
· Eggs are hard to retrieve

	
	· Different sizes and colours of substrate can offer a choice of background against which some species may prefer to live
	· Camouflaged fish may be difficult to observe, obscuring early disease symptoms, or mortalities

	
	
	· Increase in surface area may be significant in regulatory testing
· May alter water chemistry, e.g. releasing metals and changing hardness

	Pipes and other
cave- like structures
	· Provides cover for small fish
· Provides a spawning substrate
· Easy to clean
	· May cause aggressive territorial behaviour
· May absorb certain test chemicals resulting in reduced test concentrations

	
	· Provides sentinel objects to aid navigation and mark territorial regions
· 
	· Ceramic structures may cause a hazard if they are destabilized by large fish or undermined by excavating species

	
	· May provide optical barrier to provide a refuge
	· May obscure the operators view of the fish and delay early observation of disease, etc
· Plastic manufacture may include biocides or endocrine disrupting chemicals such as plasticizers and flame retardants

	Plants
	· Provides cover for some fish
· Provides a spawning substrate that may be better than plastic pipes for safeguarding eggs for some species
· Plastic plants are easy to clean
· Anthropomorphically acceptable as ‘natural’
	· Fish may become entangled
· May obscure the operators view of the fish and delay early observation of disease, etc
· Natural plants may be a source of other organisms
· Artificial plants may have similar problems to plastic pipes (e.g. leaching of toxic substances

	Recirculation
	· More consistent water quality for specific species. Potentially slower rate of change of chemistry parameters 
	· Recirculation requires more maintenance effort than flow through 
· Recirculation systems can be noisy, which may affect fish early life stages, or induce long-term stress

	
	· Easy to change water temperature to induce breeding 
	· Disease organisms are not easily washed away
· Disease treatments difficult to remove
· Biological end products such as nitrogenous compounds must be diluted away in the long term 

	Water movement
	· Suitable for specific species
· Potentially life stage specific
· Pulsing flows provide a more realistic situation and potential respite
	· High water usage if on flow through
· May be inappropriate for some species and life stages
· Additional noise and vibration may add to chronic stress
· Recirculating pumps may require maintenance

	Artificial light
	· Potentially simulate natural light to species relevant levels
· Defines night and day and gives fish the required cue by which to set diurnal and seasonal cycles physiologically and behaviourally
· Day-length, dawn, dusk and moon light phases are a cue for spawning in many species, and may reduce startle response to lights on/off
	· Few home aquaria have timed light aquaria have timed light phases. When combined with the ambient light of the room they may simulate perpetual long summer day-length 
· Even fewer home aquaria have phased light to simulate sunrise/sunset and reduce the potential startle response of being plunged into darkness or bright light

	Co-specifics
	· Housing in groups for appropriate species
· Appropriate stocking densities relevant to ontology
· Appropriate stocking densities may reduce aggression
	· Species specific. Some group sizes of densely shoaling species may be too small to obtain benefit in even the largest aquaria
· Group size may be inappropriate to species or life stage, or the scientific intention

	Dither fish
	· Small shoals of small species may be used as a companion to larger more ‘nervous’ or ‘skittish’ species
· The rationale is that the larger species use the smaller more numerous ones as sentinels
· Multiple life stages of a single species may be important for social interaction and learning
· Dither fish may be housed in adjacent aquaria in full view of the subject fish
	· Risk of piscivory61
· Multi-species aquaria may complicate research or test conditions
· Species combinations may not be regionally relevant increasing the risk of disease in naive species
· Intra-species interactions may not be benign and behavioural and even chemical signals between the species may not have the intended result

	Live food and a varied diet
	· Active hunting/foraging instincts invoked
· Variation in food target
· Potentially improved nutritional balance
· Enriched live foods may provide both improved nutritional value and different chemosensory stimulus
· Reduce chance of entrainment to a single diet
	· Live food must not introduce pathogens
· Continuously varying food type can reduce the overall feeding of some species that have evolved to specific prey types and in some cases limited size ranges and generally do not consume an omnivorous diet

	Fish– human interaction
	· Training of fish to respond to the presence of a human – for example, koi carp coming to the keeper to be ‘petted’ and stroked. Fish trained in this way may be more easily examined and handled without anaesthesia
· Familiarization with nets, etc. to reduce impact of future acute stresses
	· May not be desirable if the scientific intention is to observe behaviour
· Reinforcement of behaviour with food reward may not be desirable


5.2 Horses3
Equine housing facilities and management systems must accommodate the many species-specific behavioural and physiological needs of horses to produce a healthy environment that maximizes the security and welfare of animals and reduces stress during and between research protocols. Caretakers must maintain ambient conditions; provide bedding, feed and water; and allow opportunities for exercise and environmental enrichment to properly accommodate captive horses. Equine facilities should also include a pasture environment and stabling systems that maximize opportunities for positive conspecific social interactions. If an ethically justified research protocol necessitates some discomfort, such as social isolation, an unnatural diet or no bedding, researchers should provide environmental enrichment to offset the stress of this discomfort. 
Table 2: Commonly used techniques of environmental enrichment for horses
	Category
	Type of Enrichment
	Description
	Safety Considerations

	Foraging/ Feeding
	Slow Feeders (Hay Nets, Hay Balls, Puzzle Feeders)
	Designed to extend feeding time and mimic natural grazing behaviour. Horses have to work to pull out individual strands of hay or small pieces of treats. This can be achieved with hay nets with smaller openings, commercially available hay balls, or DIY puzzle feeders made from sturdy, horse-safe materials (e.g., drilled buckets or barrels).
	Ensure openings are not too small to cause frustration or entanglement. Check for sharp edges or parts that could break off. If hanging, ensure they are securely fastened at a safe height to prevent entanglement or injury. Monitor for signs of frustration (e.g., pawing, pacing).

	
	Ice Blocks with Treats
	Freezing water with chopped fruits, vegetables, or herbal teas in a bucket or mold to create an "ice lick" or "horse popsicle." Especially good for hot weather.
	Avoid excessive sugar for horses prone to laminitis. Ensure the ice block is not so large or hard that it could damage teeth. Remove if the horse becomes overly aggressive with it.

	Social
	Group Housing/Paired Turnout
	Allowing horses to live in social groups or pairs whenever possible is the most natural and impactful form of social enrichment, promoting interaction, play, and mutual grooming.
	Ensure compatible herd dynamics. Introduce new horses carefully. Provide adequate space and multiple resources (food, water, shelter) to reduce competition.

	
	Visual/ Tactile Contact
	If full group turnout isn't possible, providing visual and limited tactile contact with other horses through low stable doors or safe barriers can reduce isolation stress.
	Ensure barriers are secure and prevent injury. Monitor interactions to prevent aggressive behaviour.

	
	Varying Terrain/ Substrates
	In paddocks, creating areas with different surfaces like sand, gravel, logs, or small hills encourages varied movement, hoof conditioning, and exploration. For stabled horses, varying bedding types (straw, shavings, rubber mats) can provide different tactile experiences.
	Ensure all materials are safe, non-toxic, and free from sharp objects. Avoid areas that could cause lameness or injury. Maintain good drainage.

	
	Scratching Posts/Mats
	Securely mounted scratching mats (e.g., rubber doormats), old broom heads, or purpose-built scratching posts provide horses with a way to relieve itches and self-groom.
	Ensure materials are safe, non-abrasive, and securely fastened to prevent them from falling or causing injury.

	Cognitive
	Food Puzzles/ Dispensing Toys
	Toys that require the horse to manipulate them to release treats, such as treat balls, snuffle mats, or DIY options (e.g., plastic bottles with holes).
	Ensure toys are made of durable, non-toxic material and are appropriately sized to prevent choking or getting stuck. Monitor for frustration. Start with easier puzzles and gradually increase difficulty.


5.3 Cattle4
Indoor housing of cattle presents significant challenges for the animals, such as the constraint to occupy long periods with a limited range of behaviour patterns, inability to express grazing as well as maintenance in abnormal social groups. Several of the basic behavioural requirements, such as social enrichment and grazing should be considered minimal requirements for raising standards for gregarious herbivorous animals. Enrichment methods aimed at fulfilling other important behavioural needs, such as providing cows with a secluded area to calve or feeding calves through a nipple have the potential to advance the welfare of dairy cows and calves. Enrichment methods that are less biologically relevant, such as olfactory and auditory enrichment, could be considered but their impact should be assessed. Other factors, such as the accessibility of the enrichment device to cattle from different hierarchical rankings (and competition over resources), as well as the difficulty of cleaning and disinfecting enclosures and other enrichment materials, should be taken into consideration when assessing the practicality of a specific enrichment device. 
Table 3: Commonly used techniques of environmental enrichment for Cattle
	Category
	Type of Enrichment
	Description
	Safety Considerations (Australian Context)

	Physical/
Tactile
	Cattle Brushes (Mechanical or Fixed)
	Highly popular and effective. These can be rotating mechanical brushes or fixed, robust brushes mounted securely. Cattle use them to scratch, groom themselves, and relieve itching. This can reduce abnormal behaviours like bar licking and head butting in feedlots and is linked to positive emotional states.
	Ensure brushes are robust, securely mounted, and free from sharp edges or pinch points. Regular inspection for wear and tear is crucial to prevent injury. Consider placement to avoid competition if multiple animals want to use it simultaneously.

	
	Tree Stumps/Logs
	Offering large, stable tree stumps or logs (from non-toxic trees) provides objects for rubbing, scratching, and gnawing. This mimics natural environmental features for tactile and oral stimulation.
	Ensure wood is untreated and free of splinters or sharp edges. Secure heavy items to prevent rolling or crushing. Confirm the tree species is non-toxic to cattle.

	Foraging/ Feeding
	Slow Feeders/Forage Dispensers
	Devices that extend feeding time by requiring cattle to work for their feed, such as hay feeders with restricted openings, or large balls/containers with holes that dispense small amounts of feed as they are manipulated. This mimics natural grazing.
	Ensure openings are large enough to prevent frustration or injury, but small enough to slow consumption. Materials must be robust and non-toxic. Regularly check for wear and tear. Consider the risk of dominance and competition in group feeding.

	
	Scattered Feed/Browse
	Spreading feed (pellets, grain) or palatable browse (safe leafy branches) across a larger area encourages natural foraging behaviours and increases movement. Hiding treats in safe containers or under hay adds a cognitive challenge.
	Only provide horse-safe plants/browse (check local Australian toxic plant lists for cattle). Avoid scattering on sandy ground to prevent sand ingestion. Ensure all feed items are appropriate for cattle digestion and introduced gradually.

	
	Ice Blocks with Treats
	Freezing water with chopped fruits (e.g., apple pieces), vegetables (e.g., carrot, pumpkin), or even a small amount of molasses in a large, sturdy container. Provides a long-lasting, cooling treat, especially in warmer Australian climates.
	Ensure the ice block is not so large or hard that it could cause dental injury. Avoid excessive sugar. Remove if it becomes a safety hazard as it melts. Ensure no sharp edges on the container used for freezing.

	Social
	Group Housing/Stable Social Groups
	Whenever possible, housing cattle in stable social groups allows for natural interactions like allogrooming, play, and establishing social hierarchies. This is a fundamental aspect of cattle welfare. For dairy calves, pairing or group housing is beneficial for development.
	Ensure adequate space per animal to reduce aggression and competition for resources (food, water, resting areas). Introduce new animals carefully. Monitor for signs of bullying or stress within the group.

	
	Visual/Limited Tactile Contact
	If individual housing is necessary (e.g., for some calves), providing visual and limited tactile contact with other cattle (e.g., through permeable barriers) can reduce isolation stress.
	Barriers must be sturdy and designed to prevent injury or escape.

	
	Human Interaction
	Gentle, consistent, and positive human interaction (e.g., quiet handling, scratching, talking) can reduce fear and stress responses in cattle, making them calmer and easier to manage.
	Always prioritise safety for both cattle and handlers. Avoid sudden movements or loud noises. Building trust through positive reinforcement can be very effective.

	
	Problem-Solving Feeders
	Simple puzzles or dispensers that require the cattle to learn a specific action to release feed (e.g., pushing a lever, rolling a ball). This provides mental stimulation and can alleviate boredom.
	Start with simple puzzles and gradually increase difficulty. Ensure all mechanisms are safe and cannot trap or injure the animal. Monitor for frustration.


5.4 Sheep5
In semi-natural habitats, sheep receive many stimuli that vary in place and time. In such habitats, they can express a wide range of behaviours that define the species behavioural repertoire. Farming and in particular intensive feedlots are designed to meet their basic biological needs (e.g. for rest, feeding), but are far less complex than natural habitats. Animals thus may not be able to express some of the behaviour from their repertoire and as a consequence experience reduced welfare. Enrichments should help to reduce the gap between farmed and natural environments in terms of stimulation and behavioural opportunities. When investigating the impact of enrichments on animals, it is crucial to adopt the animals’ point of view by matching the enrichments to their behavioural priorities and needs and assess the long-term consequences. The benefits and drawbacks of enrichments should be assessed in both short and long term by studying the use of enrichments in terms of occupancy value, the preference and motivation of animals to use them and the impact on welfare. To support positive animal welfare, high quality enrichment that engages animals over a long period of time should be considered.
Table 4: Commonly used techniques of environmental enrichment for Sheep
	Category
	Type of Enrichment
	Description
	Safety Considerations (Australian Context)

	Social/ Physical Structure
	Straw/Hay Bales
	Provide as a structural enrichment to climb, jump, or rest on
	

	
	Shelter/Refuges
	Provide opportunities for rest and withdrawal from more dominant individuals
	

	Nutritional
	Hay/Roughage
	Provide fresh, high-quality hay or suitable roughage ad libitum (unrestricted access) or in multiple locations. | Satisfies natural grazing and foraging behaviours, promotes rumination, aids digestion, reduces boredom, and can prevent abnormal oral behaviours like wool chewing or bar biting
	Ensure hay is clean, free of mould, and replenished regularly. Consider different types of hay to add variety

	Cognitive/ Occupational
	Puzzle Feeders
	Fill with small treats or sheep-appropriate feed to encourage problem-solving
	Ensure puzzle feeders are safe, durable, and easily cleanable. Monitor for frustration or aggression if there aren't enough for all individuals. Ensure all objects are non-toxic, cannot be ingested, and are stable. Training should be positive and not cause stress


5.5 Pigs6
Environmental enrichment for pigs may enhance their welfare when housed both indoors and outdoors and may be associated with an increase in their physical and mental wellbeing. Fundamental components of pig environmental enrichment include social behaviour and investigation and manipulation activities while foraging and exploring. The purpose of this fact sheet is to: 1) provide details of the benefits of environmental enrichment for pigs, and 2) provide practical environmental enrichment examples that can be used to promote positive pig welfare. 
Benefits of environmental enrichment 
The benefits of providing environmental enrichment to pigs include increasing the number and range of normal ‘positive’ behaviours. It can enhance pig wellbeing by: 
· • preventing the development of abnormal behaviours that result from boredom and frustration (e.g. stereotypic behaviour, tail biting, ear biting, sham-chewing and aggression) 
· • promoting positive welfare states and increase a pig’s ability to cope with stress 
· • broadening the range of behaviours expressed 
· • promoting nest building behaviour 
· • improving pig performance and reproduction 
· • improving mental state 
Suitability of enrichment materials 
Before providing pigs with enrichment opportunities, it is important to consider the suitability and safety of enrichment materials. Any material provided to pigs should have one or more of the following attributes: 
· deformable, edible, chewable and/or odorous to pigs 
· feed-like, preferably with nutritional benefit 
· investigable, to allow rooting with their snout 
· novel, to create interest 
· regularly replaced, rotated, and replenished 
· accessible to all pigs and in sufficient quantity 
Materials must be clean and hygienic. Soiled materials may cause illness, and pigs will lose interest in items soiled with dung. Ensure materials are fresh and free from mould. 
Caution should be exercised when providing artificial materials for enrichment (e.g. toys, plastic items, dog chews) in order to avoid ingestion and gastrointestinal obstruction. 
Materials that are not suitable include: 
· wood that contains nails, splinters, or paints and chemicals (e.g. treated pine) 
· synthetic rope, plastic milk bottles or any other material that may, when chewed, cause intestinal obstruction 
· tyres, as these contain wire and rubber 
· materials that may harbour biological contaminants. e.g. compost, dog chews, or other animal waste 
· substrates that may cause disease, such as mushroom compost, wood wool and peat 
· dirty or soiled materials that may contain bird or rodent faeces 
Social interactions 
Pigs are highly social animals that can become stressed when housed individually. Providing pigs with appropriate social interactions can be achieved by housing them in compatible pairs or groups that allow them to express normal social behaviours. Considerations include: 
· housing pigs in stable social groups that are established at weaning and ideally maintained until sexual maturity 
· providing enough space, obstacles or short walls for pigs to hide behind and sleep against 
· housing sexually mature boars individually, and ideally not adjacent to each other, to avoid stress, aggression, and potential injuries 
Enrichment opportunities 
Pigs are highly motivated to explore so should be provided with a complex environment that promotes natural behaviours such as rooting with their snouts, digging and chewing. If not adequately managed pigs may express undesirable behaviours and develop a poor mental state. 
Pigs can become bored quickly, so enrichment activities should be changed frequently (at least 2-3 times per week). 
Examples of enrichment opportunities that may promote a positive mental state in pigs include: 
· providing adequate space to allow adequate investigation and manipulation 
· providing fresh and natural investigation and manipulation materials, which could include one, or a mixture of the following: 
· straw - one of the best options and ideally added daily as long stalks rather than chopped. Even a small amount (7g/pig/day) in a basket or on the floor is worthwhile. Barley straw may be softer and more absorbent than wheat straw. 
· coconut fibre 
· hay 
· peanut shells 
· rice hulls 
· natural fibre broom handles or sea grass mats or hessian bags attached to pen walls for pigs to rub against and chew on 
· providing grazing opportunities including grass (cut, turf or silage that is free from mould) and browse 
· providing a variety of fruit and vegetables throughout the enclosure to promote foraging 
· providing natural daylight or lamps to allow the animals to bask 
· natural fibre ropes and strong hose tubing connected to the ropes are chewable options 
· non-destructible plastic balls of appropriate size to prevent choking. i.e. >10 cm diameter ball for small pigs and 20-30 cm diameter ball for large pigs.
Other considerations when providing enrichment 
When providing the enrichment opportunities, consideration should be given to the following: 
· pigs show spatial separation of different behaviours such as lying, feeding and excretion. Enclosures should therefore allow for the establishment of separate functional areas by providing either plentiful space or appropriate subdivision of the enclosure area 
· provision of a solid floor in the lying area of the pen to facilitate the provision of rooting and nesting substrates 
· bedding contributes to pig welfare by enhancing physical and thermal comfort (except in hot environmental conditions), digestive functioning (by being eaten to provide gut fill and enhance satiety) and foraging and nest-building behaviours 
· exercising good hygiene when introducing soil or sawdust into pig pens will help to avoid food safety or biosecurity issues, such as disease associated bacteria (e.g. Klebsiella) or parasites 
· swill feeding of pigs (i.e. feeding food scraps that may have been in contact with meat or meat products), is illegal due to the significant risks of exotic disease transmission to domestic livestock, including African Swine Fever and Foot and Mouth Disease 
· nutrition is a potential factor in tail biting of pigs and has been associated with either low protein levels or low salt diets. It is important to provide a diet appropriate to the age of pigs (recommended by a nutritionist) 
When providing enrichment opportunities for pigs, ensure a sufficient number of items and adequate space is provided so that each pig is able to experience the enrichment opportunity without aggression from other pigs.
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