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Introduction to EE

● Moral and legal obligation

● Aim to minimize pain, suffering, distress, and lasting harm

● Meant to provide shelter, stimulation and novel experiences to 

avoid boredom

● Challenge of technician’s daily routine and not interfering in 

scientific investigation

● Increasing pressure from government bodies and the general 

public

● Do we offer enough or are we lacking provision?
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What is EE?

● Increases complexity of the captive environment

● Enhances welfare

● Promotes natural behaviour 

● Decreases stress (TBD)

● Could be social contact, sensory stimulation, 

tank design, nutrition, physical excursion, 

water chemistry or novel objects 
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Why use EE

● Brambell’s Five Freedoms (1965)

● Freedom from Hunger and thirst

● Freedom from Discomfort/provide shelter

● Freedom from Pain, injury, disease

● Freedom to Express normal behaviour

● Freedom from Fear and distress
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Zebrafish characteristics and housing
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What do zebrafish 

prefer?
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Tank design for place preference testing
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What we will be discussing

8Schroeder et al. (2014)



What EE has been 

tested so far 
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What EE has been tested so far 

● Social contact and stocking densities
● Conflict: science requires single housing, which causes depression● Solution: breeding tanks or Gene-S

● Sensory stimuli
● Auditory: classical music exposure● Natural noise from system

● Visual
● Gravel/pebble photos● Substrate colour● Colour preference 

● Nutrition
● Nutritional content● Live vs manufactured feed● Frequency/schedule

● Physical excursion
● Forced vs voluntary exercise

● Novel objects
● Engage● Prevent boredom● Exert control over environment● Preference testing● Cause aggression?
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Environmental Enrichment 
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Measuring impact of EE
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Measuring impact of EE

● Cortisol readouts

● Many methods, some invasive
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What we 

recommend 
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What we recommend (for all research)

● Live feed 

● Companionship - breeding

● Gravel/pebble images

● Flow rates

● Lights with dawn/dusk

15

or do we?.......



Gravel images have been introduced
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Setting up a tank design for place preference testing
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● 20 wildtype fish added and acclimated to tanks.

● Fish swim underneath 4 tanks 

● All glass tanks

● Inlet on right 

● Overflow outlet to left

● All 4 tanks are fed 

● Gravel base varied



Locations logged am and pm (usually 30 days)
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= 10 + fish

= 6-9   fish

= 1-5   fish

= 0      fish



Initial Location Findings
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Inlet Location Findings
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Inlet tank shows “little/no preference” 

if barren areas or unenriched tanks

Gravel and “inlet only gravel” have 

the same occupancy - significantly 

increased compared to other tanks -

all inlets not preferred

These fish maybe the subordinate 

animals - less favourable tank, but 

do have options and space.



Gravel vs flow of inlet water
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Gravel across the 4 tanks sees fish using the whole space with even distribution

The inlet is always the least favourite tank (was the flow too high?)

When the furthest tank has gravel, inlet gravel is not preferred

Gravel slightly pulls the fish away from a barren outlet

Without gravel the fish go into the outlet end and not the inlet

Strong preference for the exit?



Further investigations 
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● Month long countings - same fish

● Enrichment moves fish towards inlet- particularly in the 

AM

● AM is different to PM

● PM “all barren” mirrors enriched

● Combinations of enriched with barren areas sends the 

majority to the outlet in both AM and PM



Further investigations - Mass breeding results Blocked/high flow 
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Preliminary results

Follow occupancy 

patterns

Far end favoured

Unenriched like ends
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Physical enrichment tests
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Enrichment in inlet tanks



Inlet with/without square 
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With square

No enrichment



Situation at night - inlet, gravel and square
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In the square or in the area around
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Conclusions

● Fish like space and are seen to move between tanks often

● They are a very active species but not by exercising in direct flow              

● Rarely see all fish in one tank or no fish in one tank

● Strong preference for gravel demonstrated

● Preference does not seem to be influenced by “exit route”

● Flow is tolerated more with increased enrichment

● Different behaviours are seen at night with “guarding/dominant fish” controlling it

● Zebrafish anticipate lights coming on and like breeding in the square blue rat box
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Discussion

● Optimal animal care = reproducible data

● Cannot replace natural experiences

● Fecundity and survival may not indicate optimal well-

being

● Proponents say complex environments yield better 

results 

● Adverse effects must be managed/observable*

● GAA lines must remain genetically pure*

● Consider acclimitisation 

● Consider subsequent indifference 30



Future 

developments
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Seasonality

Auditory 

Space to swim - Exercise

Holiday tanks

Physical enrichment 

The sounds of the Indian countryside

Beautiful countryside soundscapes recorded in Central India.

India has amazing nature and wildlife, but its countryside is hardly an ideal location for recording pristine soundscapes. On my trip to the Indian subcontinent I spent a good amount of time in small villages and explored the surrounding areas quite a bit. I wasn't planning to try and record anything outside of the national parks, but I'm happy I changed my mind after a 
long night walk when I heard a good amount of wildlife.

My aim was to tell the story of how wildlife survives in these extremely densely populated parts of the country. Consequently I didn't have to find places that were 100% free from man-made noise (which was impossible given the number of scooters and other vehicles). I didn't want to record a purely anthropogenic soundscape either though. The ideal balance for me 
would be made up of about 80% wildlife and nature, and the remaining 20% as domesticated/introduced animals and very occasional distant traffic. 

It took several attempts in a variety of locations before I could achieve this balance. A small grove of fruit trees at the edge of the village looked very promising from the start. It had some deep ravines which kept some of the worst engine sounds to a low level, but added some lovely acoustics to the louder bird calls. While the dusk chorus here was a bit drowned in 
distant village noise, the dawn was much better from around 4am until people started moving around in scooters. This gave me a roughly 1 hour window to record the magical balance I was looking for.

This is still a very degraded soundscapes since you can hear distant engines even at midnight. Cows can be heard every now and then, as well as guard dogs and poultry. It sounds much better than a city soundscape though because there is a good number of wild species that depend on humans to live here. I've also recorded in the national park nearby, no more than 
50km away in very similar geography. The dawn chorus there is more muted and subdued this time of the year, and one of the reasons for this fact is the lack of abundant food sources that humans provide here.

The slightly deeper meaning of this soundscape (if you missed it) is that we humans are part of nature, and can coexist with wildlife without making it a zero sum game. I grew up in a similar environment in Romania, and I'm reminded of it every time I visit a place like this. Even if you don't have a personal connection with this type of habitat, it's worth listening and 
appreciating it as well without thinking purely natural soundscapes are superior.

Recorded around Satpura NP in Madhya Pradesh with Zoom F3 and Lom mikroUsi Pro microphones. Enjoying the videos I upload on here? Please consider supporting me by:
- becoming a patron: https://www.patreon.com/georgevlad
- buying my sound effects libraries: https://mindful-audio.com/sound-effects-libraries
- buying me a coffee: https://ko-fi.com/georgevlad
- buying my soundscape albums: https://wildaesthesia.bandcamp.com

#naturesounds #countryside #india

Paull et al., 2023

http://www.youtube.com/watch?v=2_SZ01sC7JU
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