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Reproductive Biology 

Asynchronous batch spawners, capable of spawning on a daily basis 

Egg scatterers, no parental care 

Males necessary for oviposition 

 

Clutch size variable 

<100 – 1000+ eggs per event 
 Castranova et al., 2011 

Correlated with female body size, interspawning interval 

 

Olfaction critical in reproduction 

pheromonal feedback loop controls spawning 

Mate choice - non-kin over kin 

 



Sexing Zebrafish 

Male characteristics 

Fusiform bodies 

Red anal fin 

Breeding Tubercles 

 McMillan et al., 2015 

 

 

 

 

 zebrafish, adult male, ~0.50 g, 

~40mm 

♂ 

Photo courtesy of Lawrence, C 



 

Breeding Tubercles 
(McMillan et al., 2015) 



Sexing Zebrafish 

Female characteristics 

Rotund bodies 

(usually) clear anal fin 

No Breeding Tubercles 

Genital papilla 

  

 

 

♀  

 zebrafish, adult female, ~0.75 g, 

~40mm 

Photo courtesy of Lawrence, C 



Egg maturation and ovulation stimulated by onset of daylight 

Breeding behavior typically commences at onset of daylight 

Pattern observed in the wild and in the laboratory 

 

Fish will spawn throughout day, although with less regularity 

Many fish in laboratory populations will also spawn in the late evening 

Fish observed in nature spawning at all times of day during heavy 

rains 

 

Patterns in nature and captivity suggest that zebrafish are crepuscular 

spawners  

Dawn and dusk 

Dawn seems to be predominant time for spawning 

Abrupt alterations in photoperiod can inhibit reproduction 

 

Photoperiod 



Zebrafish display spawning patterns typical of many species adapted to 

monsoonal climate regimes 

 

Spawning triggered by onset of rains 

Changes in water chemistry 

Dilution, drop in pH, oC, and salinity 

 

In RAS and typical lab spawning, dilution may also flush metabolites in 

water 

Ammonia (static) 

Nitrates 

Pheromones? (repressive) 

 

 

Water Quality and Spawning 



Olfactory control of zebrafish spawning 
(Harper & Lawrence, 2010) 

1.

4.

3.

2.



Spawning activity typically involves males actively pursuing females up 

and down the water column before diving to the substratum to spawn.  

 

Non-receptive female behaviors 

Fleeing to a safe zone (plant) 

Retreat and repel 

Chasing and biting 

 

Reasons 

Not attracted to the male 

Eggs not mature 

Already “spawned out” 

Normal Reproductive Behaviour 



Rejection of Spawning Stimulus 

courtesy of Lawrence, C 

courtesy of Lawrence, C 



Abnormal Mating Behaviour 

courtesy of Lawrence, C 

courtesy of Lawrence, C 



Ponds, lakes, puddles, rivers, streams, rice paddies 

Slow or no flow; backwaters, margins 

Low visibility; high turbidity 

Heavily vegetated 

High seasonal variability 

Temperature, chemistry,  

Habitat size and connectivity 

 

 

High visibility, very low turbidity 

Barren tanks 

Stable breeding season 

Temperature, chemistry, 

Habitat size  

Typical habitat characteristics Typical laboratory habitat 



Within holding tank 

Fish are spawned in holding tanks 

Fish spawn over traps inserted in 

tanks; eggs drop into traps 

 

External tank 

Fish are taken out of holding tanks 

and spawned in separate tanks 

Separate tanks have inserts 

Fish spawn in inserts, eggs drop 

through floor/grate of insert 

May be static or on flow 

 

Spawning Techniques 



Trap dropped in holding tanks when eggs are desired (lights on ) 

No issues with changes in water quality 

No handling of animals required 

 

Sex ratios 

Female bias important 

2 or 3:1 female to male ratios 

 

Practical for group spawning 

Gene knockdowns, chemical screens 

 

Difficult/impractical for genetic studies 

 

Within Tank 



Males and females transferred from holding tanks to external tanks for 

spawning  

Typically done during the evening prior to day of spawning 

Issues with water quality can be important 

Breaking down of social hierarchies 

 

Various types of tanks available 

Differ in size, maneuverability 

 

Suitable for all applications 

Pairs 

Group spawning 

Dividers for timed spawning/staging embryos 

 

External Tank 



Factors impacting performance 

Nutrition 

Diet must contain nutrients essential for reproductive function 

 

Behavior 

Equipment must facilitate preferences 

Behavioral management of fish in tanks 

 

Water quality 

Some evidence of metabolite inhibition of spawning 

 

Genetics 

The more disparately related the more the attraction 



Nutrition and Reproduction 

Diet must contain nutrients essential for reproductive function 

Essential fatty acids 

Inclusion of both ω3 and ω6 HUFAs & PUFAs  

High ω6:ω3 ratio 

8:1 ratio of ω6:ω3 results in larger, less obese fish  Powel et al. 

(2015)  

Vitamin E – 500mg/Kg Miller et al. 2012 

Vitamin C 

Vitamin A  - >50,000IU/Kg Alsop et al. 2008 

 

 

 

 



Impact of feeding rates on fecundity 
(Forbes et al., 2010) 



Impact of fatty acids on reproduction 
(Jaya-Ram et al., 2008) 



Impact of omega fatty acids 
(Meinelt et al., 1999) 



Importance of Vitamin E for fecundity  
(Mehrad et al., 2011) 



Vitamin E effects on embryo viability 
(Miller et al., 2012) 

Fig. 5. Malformations and mortality of zebrafish embryos. (A) Increased mortality (mean±S.E.M.) was observed in the E−embryos at 24 and 120 

hpf compared with the other diet groups (diet Å~ time interaction, Pb.0001), but at 24 hpf, the differences between diet groups did not reach 

statistical significance. Mortality increased from 24 to 120 hpf in the E− (squares; Pb.01) and the E+ embryos (triangles; Pb.01), but 

not in the lab diet embryos (circles). At 120 hpf, the E−embryos displayed significantly higher levels of mortality compared with the E+ and lab 

diet embryos (diet effect, P=.005; E− (a) N E+ (b) or lab (b); Pb.05 for paired comparisons). (B) Higher levels of both malformations and 

mortality were observed at 120 hpf in the E− embryos compared with E+ (Pb.05; a) or lab diet embryos (Pb.001; b); E+ had greater 

malformations than did lab diet embryos (Pb.05; c). Embryos were analyzed in 96-well plates, one embryo per well with 48 to 120 embryos per 

group per spawn. Results are expressed as percentages affected per total number of embryos (n=6 spawns per group) 



Genetics 

Genetic background important for mate choice 

The more disparately related, the greater the attraction 

Larval fish prefer odors of siblings (Gerlach and Lysiak, 2006) 

Sexually mature fish prefer odors of non-sibs 

Mechanism to avoid inbreeding 

 

Preference can be overridden (sibs will mate) but this is not as easy 

One reason for lack of inbred zebrafish 

 

This dynamic is influential in a typical zebrafish research facility 

 

 

 



Hybridization improves reproduction 
(Monson and Sadler, 2010) 

The more disparately related the more the attraction 

 



Genetic Management 

Genetic management of stocks HUGELY important, but often overlooked 

 

The classic problem:  How do you manage the genetics of small, closed 

populations? 

 

Heterozygosity must be maintained in the face of inevitable loss of 

genetic diversity due to drift, inbreeding. 

 

Drift and inbreeding depression 

Long term health of lines 

Breeding efficiency 

Sex ratios 

Reproducibility of experiments 

 

Inbreeding depression is a major source of problems in zebrafish facilities 



Harper and Lawrence 2010 



Genetic Management Strategies 

1. Short-term, easily implemented approaches for: 

Wild-type (fount from which everything else springs) 

Mutants, transgenics should be maintained by outcrossing 

large numbers of carriers! 

 

2. Long-term (BIG PICTURE) 

Need to implement systematic, standardized approach 

Akin to what is done in rodents; e.g. Genetic Standardization 

Program employed by Charles River 

 

 



Engeszer et al, Zebrafish 2007 

Behavioral Preferences in Nature 

It is thought that zebrafish spawn in 

shallow water, in and around margins 

of water bodies they inhabit. 

Photo courtesy of Spence and Smith 

It has also been demonstrated that they prefer 

to spawn in vegetated sites. 



Behavioural preferences in the Lab 
(Sessa et al,. 2008) 

TILTED 

UNTILTED 



Spawning behavior with no depth 
gradient 

(external tank) 

courtesy of Lawrence, C 



Spawning behavior with depth gradient 
(external tank) 

courtesy of Lawrence, C 



Spawning behavior with depth gradient 
(external beach tank) 

courtesy of Lawrence, C 



courtesy of Lawrence, C 



Shallow spawning behavior 
(external tank – iSpawn) 

courtesy of Tecniplast 



Shallow spawning behavior 
(external tank – iSpawnS) 



Behaviour Impacts 

Dominant individuals sire significantly more offspring 

Males – Paull et al., 2010 

Females – Gerlach, 2006 

 

 

 

Reduces overall production in groups where hierarchies are intact 

Closed, static environments = housing tanks 

Counteract by frequent mixing and matching 

 

 

 

 

 



Segregation effect on reproduction 
(Kurtzman et al., 2010) 



Behavioural management 

Holding densities very important  

Simple way to impact welfare of fish 

High Density 

Fish display stress response at elevated densities 

Low Density 

Aggressive interactions highest 

Optimal Density 

Performance is best 

 
Stress 

Density 

Harper and Lawrence 2010 



Crowding increases cortisol in zebrafish 
(Ramsay, JM et al. 2006) 



Target Stocking Density 
(Castranova et al. 2011) 





Stocking density policy 

Target, minimum, maximum densities defined 

By life stage, application, and tank type 

Exceptions on high side  

must be approved by ethics committee (AEC / IACUC) 

Low side require enrichment 

Isolation cages 

Social or Structural enrichment 

 



UQZF Stocking Policy 



What to do in low densities 

Don’t do it! 

Keep important individuals in mixed sex groups with other fish that 

have phenotypic differences 

If you must 

 ♂  - okay by themselves 

– Watch for aggression during spawning 

♀   - have to be managed  

– Set up regularly to avoid getting egg bound 



Enrichment Options 
(Social Enrichment – low density housing) 



Enrichment Options 
(Structural Enrichment – low density housing) 

courtesy of Lawrence, C 



Enrichment Options 
(Structural Enrichment - breeders) 

courtesy of Lawrence, C 



Sex Toys for Zebrafish  

Plants enhance breeding when included in breeding tank both overnight 

and in morning 

Plants ineffective when included in only one stage 

courtesy of Sanders, E 



Enrichment Options 
(Structural Enrichment Within Holding Tank - MEPS) 

courtesy of Lawrence, C 



Age turnover policy 

Zebrafish lifespan 

In the laboratory: 5+ years 

In the wild: ~ 1 year (primarily an annual fish?) 

 

Fish are most productive shortly after attaining sexual maturity 

Peak production 6-10 months 

Tails off after 1 year 

Susceptibility to pathogens concomitantly increases 

 

The rate at which they age depends on usage and management 

Age “quickly” if handled frequently, used for egg production, kept 

at high temperatures 

 

Setting facility age limits important 

18 months with exceptions 

 



Husbandry Refinement 

Establish policies on housing densities and turnover frequency 

 

Train caregivers and users on normal and maladaptive behaviours 

 

Controlled photoperiod 

Dawn/dusk simulation 

 

Breeding, low density housing 

Socially enriched housing 

Consider plastic plants, or other environmental structures 
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