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T1

• More pairs laid in static water.

• Feeding before set up increased spawning rate.

• Relatively old fish, not in peak condition.

T2
• Over 30% of pairs did not lay.

• Clutches of 0-900 embryos.

• More pairs laid with normal feeds, but data is hugely

variable with no significant differences.

• Potentially a difference between flowing and static 

breeding tanks (Mann-Whitney U test. P=0.07, n=128).

Fig. 16: T1 Spawning 

success percentage at 

different feed timings.

REFINEMENT OF WATER QUALITY IN ZEBRAFISH PAIR BREEDING
P.Barwood, C.Wilson.

AIM: TO INVESTIGATE THE IMPACTS OF THE TIMING OF FEEDING WHEN HOUSING ZEBRAFISH IN BREEDING BOXES

Small containers with static water are commonly used for breeding zebrafish when knowledge of parental stocks and genetic lineage is required. The size of the breeding chamber1, age of the fish, frequency of pairing2,3 and

stress4 affect breeding performance. The timing of feeding before breeding and water quality degradation have seen little investigation; with best practice varying from facility to facility and often relying on anecdotal information.

The breeding boxes assessed hold 650ml of water and have no flow or filtration, meaning fish waste is not removed or broken down as in conventional housing systems. This comparatively unstable environment has the potential to

impact breeding performance and can result in pain and suffering for the animal. Accumulation of ammonia for example can cause cellular damage5, effect the central nervous system5,6, blood chemistry and osmoregulation.
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Complex genetic studies in zebrafish has made pair breeding essential. Historically the most common method

for this uses small static breeding boxes. These are practical but create conditions that can negatively impact

the animals health and research. Optimisation of the design and use of breeding boxes will increase the

quality and quantity of embryos produced8 as well as improving animal welfare.

Feeding and subsequent digestion releases nitrogenous waste into the water, depletes oxygen, and increases

carbon dioxide levels. Fasting fish before they are transferred to static boxes reduces water quality

degradation, but the length of fast needed has not been determined.

Static water quality deteriorates considerably, particularly if fish are fed extra just before being transferred.

DO concentration decrease correlated with feed timing through aerobic degradation of organic substances and

respiration. Temperature drops in all static tanks, affecting metabolic rate and potentially adaptive immunity8.

NH3 concentration of the extra boxes increased to toxic levels. This diffuses across cell membranes easily,

converting into NH4
+ within the body, causing cellular damage5. The NH3 exposure would have been more than

four times higher if the temperature and pH had remained stable. The NO2 concentration in some of the extra

boxes was almost 1mg/L with an average of ≈0.35mg/L. Concentrations in excess of 0.1mg/L are toxic. Nitrite

can cause anoxia in fish as it binds to haemoglobin in blood, changing it to methaemoglobin which does not

carry oxygen10. After exposure to this the fish were then transferred back to their home tanks and experienced

an instantaneous 5oC temperature change. This can induce stress, physiological shock and harm. In

comparison, the fish in the flowing boxes experienced only minor fluctuations from the conditions in their

normal housing.

The fish used for T1 spawned best when in static water and fed extra before transfer. However, because of

their age these fish were not in peak spawning condition which may have affected the results. T2 indicates

that the timing of feeding has no significant impact on breeding performance and that fish may spawn better

in flowing boxes.

Due to water quality concerns, static boxes are best avoided regardless of breeding performance and fish

should not be fed prior to being transferred. The stress experienced by the fish can produce epigenetic

changes in their progeny11 and affect growth and reproduction12. Poor environmental conditions are the most

common stressor involved in the precipitation of bacterial disease13 and can also cause DNA damage and cell

apoptosis14, gill hypertrophy and hyperplasia15, and immunosuppression16. This can result in scientific

outcomes being affected and animals dying or being culled before the completion of experiments due to poor

and avoidable husbandry practices.

DISCUSSION

More study is required to understand any ill effects that may result from the use of breeding boxes. As the fish

in this trial displayed behaviours associated with stress, we will be carrying out motion tracking and analysis to

quantify the implications of atypical behaviours such as thigmotaxis, freezing, and hyperventilation.

Physiological stress responses will also be measured through water cortisol levels, which increase from just

netting4. We will also investigate the use of different breeding box sizes, and different backgrounds, which may

facilitate natural courtship behaviours and reduce harassment.

FURTHER WORK

WATER QUALITY PARAMETERS

Although zebrafish can withstand variations within their environment, good water quality is vital to optimal

health. Sudden variations can induce stress and physiological shock, detrimentally affecting health. Accepted

suitable parameters are:

Changes in temperature can negatively affect metabolic rates and breeding performance. Toxicity from pH can

cause fish to haemorrhage. Both forms of ammonia are highly toxic and cause cellular damage, increases in

respiration and heart rates, and even death. DO is required for respiration, and nitrites interfere with chloride

uptake7. Additionally, changes in one parameter can cause changes in another; these need to balance in order

to maintain animal welfare and avoid loss of scientific data.

Fig. 17: T2 Spawning 

success of static and 

flowing breeding tanks. 

WATER QUALITY RESULTS

Figs. 4, 5, and 6: Bar graphs 

showing the average water 

temperature, pH and dissolved 

oxygen in static breeding boxes. 

Water temperature and DO both 

fell below the accepted range in all 

boxes.

Figs. 10-15: Bar graphs showing the average water parameters in breeding boxes adapted for water exchange. All parameters 

had only slight variation and deviation from home tanks on a recirculating system.

Recirculating 
System

PT Static Flowing 

Temp. ≈28oC ≈23oC
≈25oC @30 mins

≈22oC @26hrs
�≈ 0.1oC

pH 7.5 - 7.6 ≈7.1 ≈7.2 ≈7.4

DO
(mg/L)

7.0 <4.0

F: ≈5.2

N: ≈4.8

E: ≈3.9

6.5 - 6.6

TA 
(mg/L)

0.03 - 0.05 >4.0

F: ≈0.8

N: ≈1.0

E: ≈3.8

0.06 - 0.07

UA 
(mg/L)

0.001 - 0.002 ≈0.025

F: ≈0.006

N: ≈0.008

E: ≈0.029

0.002

Nitrite 
(mg/L)

0.033 - 0.040 ≈1.0

F: ≈0.033

N: ≈0.039

E: ≈0.362

0.04 - 0.06

Preliminary Trial (PT) 
• 18 pairs of 11 month old wild type AB:TL F1 hybrids. 

• 3 groups of 3 pairs: Fasted 30 hours (F); normal feeding 6 hours prior to 

transfer (N); fed 10 minutes prior to being transferred to breeding boxes (E). 
• Set up at 4:00pm in divided breeding boxes containing 650ml of system water. 

• Breeding boxes without fish were set up as controls. 

• System water temperature was tested when the boxes were filled. 

• After adding fish the temperature, pH, conductivity, TA, nitrite, nitrate, 

and DO levels of the boxes with no fish in were tested. 

• Water parameters were tested again after 18 hours, 22 hours, and 26 hours. 

Trial 1 (T1) 
• Same fish as used for PT

• Used static boxes and boxes converted for water exchange of ≈6 volumes p/h. 

• Water quality tested as PT with the exception of conductivity and nitrate. 

• Spawning success recorded (Y/N). 

Trial 2 (T2) 
• Same as T1 but with 6 month old wild type AB:TL F1 hybrids. 

• Embryo production was assessed by counting fertilised, unfertilised, 

and non-viable embryos at 2:00pm the day after setting up. 

Fig. 3: Table showing the water quality of the home tank and average 

results from the preliminary trial, T1 and T2.

Figs 7, 8, and 9: Bar graphs 

showing the average total 

ammonia, unionised ammonia and 

nitrite exposure in static breeding 

boxes. All three parameters 

exceeded the accepted range and 

reached toxic levels in the boxes 

fed extra.

Fig. 18: Box and 

whisker plots of T2 

spawning success. 

Showing the effect 

of different feed 

timings and static or 

flowing water on 

the total number 

and quality of 

embryos produced.

METHOD

SPAWNING SUCCESS RESULTS

The results of the PT showed that water

quality deterioration in breeding boxes is

likely to negatively impact the animals’

welfare, with many of the parameters falling

outside of the safe range.

The static boxes in T1 and T2 saw a notable

increase in ammonia and nitrite with the fish

fed extra exposed to an average of 3.8mg/L

and 0.36mg/L respectively. The DO decrease

also correlated to feed timing, with fish fed

closer to setting up causing a greater

reduction. The temperature of all static

boxes fell 4oC below accepted parameters.

Water parameters in flowing boxes deviated

little from the recirculating system in both

trials.

Temperature 26-29oC Total Ammonia (NH4
+ + NH3) (TA) <0.1mg/L

pH 6.7-8.0 Unionised Ammonia (NH3) (UA) <0.02mg/L

Dissolved Oxygen (DO) 6-7mg/L Nitrite (NO2) <0.1mg/L

Fig. 1: Divided breeding boxes 

containing 11 month old fish 

(above left) and 6 month old fish 

(above right).

Fig. 2: Standard breeding box 

(below left) and box adapted to 

provide water exchange (below 

right).


