
  

 
So Many Zebrafish--So Little Welfare 
Helen Kelly and Vera Baumans  

 

In July 2012, a group of accomplished 

scientists across the spectrum of biological 

disciplines met to discuss the neurobiological 

substrates of conscious experience in human 

and non-human animals. They concluded 

that human and nonhuman animals are 

sentient—but never mentioned fish. This may 

have been because fish are cold-blooded, 

because they don't have eyelids, because 

they don't appear to have facial expression 

or emotion, because they communicate 

sounds a human can't hear, or because they 

shine with a splendid palette … or it may 

have been because of just about anything 

else. But, fish simply didn't come up. 

Of course, the exclusion made plain the case: how could fish not experience the vagaries of 

existence—changes as they occur in such as weather and temperature and pain, yes; but, even 

more to the point, utter departure from the natural habitat. 

Looking back, this was a remarkable omission and portentous. It allowed for widespread 

recruitment of zebrafish into studies across the biomedical spectrum despite an absence of 

knowledge about zebrafish behavior in the wild. Only anecdotal tidbits about their behavior in the 

lab existed, and virtually no attention to welfare or enrichment was given. 

But just as we know that tiny creatures like bees, ants, and mosquitoes enjoy a nuanced, 

complex, idiosyncratic life with highly specified responses to harmonious existence, 

environmental disruption, chaos and pain, scientists are discovering that the same is true of 

zebrafish. Little by little, they are gathering facts and creating a rich picture of zebrafish life and 

of the zebrafish as a living system. 

With any luck, we'll soon have a compendium on zebrafish natural behavior that will inform 

welfare and enrichment. Frankly, we believe the field is long overdue for a gap analysis: that is, 

what we know about zebrafish basic needs and how we organize and manage their living 

conditions in the lab. With such a gap analysis at hand, scientists could routinely provide for 

zebrafish ease just as they now do for laboratory rodents, rabbits, primates—and lately, birds. 

At last some scientists say that zebrafish feel pain. And as a result, scientists are taking steps to 
determine which end of life practice is euthanasia—a painless death. Specifically, the chemicals 

that cause the fish distress are replaced in some EU countries (but not the UK) with clove oil or 

rapid chilling of water to between 2 and 4 ◦C. This is the first major step in developing welfare 

and enrichment standards and practices for zebrafish. 

http://www.alnmag.com/


That is a good start but not nearly enough. In this article, we summarize highlights of what's 

known about zebrafish behavior—principally behavior observed in the lab—that may inform 

welfare and enrichment plans in the future. 

Noam Miller, Assistant Professor, Department of Psychology at Wilfrid Laurier University in 

Ontario, Toronto, shared his experiences with us, and exclusive text from Noam can be found 

online. And we spoke with Carole Wilson, Head of the Fish Facility at University College London, 

about how more knowledge about zebrafish behavior in the wild would help her create a welfare 

and enrichment program for her many charges.  Both contributed generously to our 

understanding, and their knowledge informs the text. 

A Sketch of the Fish Itself 

 

A zebrafish measures about three centimeters in the 

wild, four to six centimeters in captivity. The male has 

predominant blue and lesser gold stripes; the female is 

blue and silver. Both exhibit nuptial coloring. Females 

are savvy: they choose brightly colored males in areas 

of low predation, but not in areas of high predation. All 

are highly predated from above and below, but not such 

easy prey, being dark on the top and very light on the 

bottom. 

There are many strains and each shows a unique 

behavior profile. All strains live for about three years in 

the lab; it is not known how long they live in the wild. 

The zebrafish, Danio Rerio, is a minnow. Danio is a 

Bengali word that means of the rice paddies, and the 

fish is aptly named. The natural habitat is small shallow 

Himalayan pools that tend to measure 1/2 to 2 meters 

wide and 50 cm deep—quite small and typically 

inhabited by a few dozen fish. 
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Residential pools tend to be near river banks and rice 

paddies, but these cyprinids are adaptable. As farmers 

flood the paddies and weather changes the nature of 

tide pools, the fish stay steady in the shallower areas. 

They can thrive as the seasons change the level and 

composition of the water. They can easily survive in 

ditches, canals, and stagnant pools. 

There are no rocks and little sunlight. Puberty is 

affected by fat content of the diet, by the individual's 

size, and by sunlight. Zebrafish eat mostly insects that 

fall on the surface of the water, and they spawn in the 
early hours of dawn. 

Carole Wilson, Head of the Fish Facility 

University College London 



Behavior 

Zebrafish are highly social creatures and welcome additions to any group. They have individual 

personalities that vary by degrees of boldness and aggression. There are distinct behavioral 

differences across strains. By and large, they are not jealous creatures since they don't pair 

bond. 

In general, Danio Rerio are calm in a group of 20 to 30, become uneasy with fewer than eight, 

and distressed when alone. They are rarely territorial, and they are family oriented, showing a 

strong preference for swimming and shoaling with those they know. In fact, when they 

consistently swim with familiars, they grow 15% percent larger than those who have no choice 

but to swim in non-kin groups, and when they are isolated they do not learn in mazes. 

Mind you, they aren't faint-hearted, and it is jarringly obvious when they are upset. The larger 

fish are dominant, and if challenged they may chase, repel, bite, or spar. Introducing an 

unfamiliar can trigger a quarrel. During the spawning period, dominance increases reproductive 

success. Though they don't care for their young after birth; before spawning, males make the 

nests while females forage. 

Zebrafish are highly predated in the wild and display a distinct dominance hierarchy. They have 

teeth in the pharynx but rarely use them in altercations, so quarrels don't do much physical 

damage. When a predator does break skin, it releases alarm pheromone, which warns the 

others. When the alarm spreads, those who get a whiff become distraught and frantic. When a 

predator flies over, there is a flash expansion as everyone tries to save himself. Then they think 

better of it and school more tightly than when they are not endangered. 

Sensing this pheromone they show characteristic stress: going into the corner of the tank, 

spreading the pectoral fins, and opening and closing the mouth, thrashing, and gasping. 

Sometimes, especially if the water quality is substandard or the temperature off, the natural 

redness around the gills flares. Biochemical markers include raised cortisol levels. A synthetic 

version of the alarm pheromone is available for biomedical research. 

Fish that eat together swim together. Thanks to a very sensitive sense of smell that distinguishes 

among individual amino acids, zebrafish know siblings and others with whom they've recently 

spent time and shared a meal. The particular arrangement of amino acids flavors the water, too, 

and zebrafish show strong preference for familiar flavors. 

They have strong preferences for water temperature as well as for flavor. They are put off by 

large tanks and rarely mate in one. But even in this unfamiliar environment, their shoaling 

behaviors seem to persist. Shoaling decisions seem to vary with conditions in a hierarchy of 

criteria: they shoal with relatives and friends—visually mediated shoaling, they shoal by water 

flavor, and they shoal by pheromones. Like most fish, zebrafish have a lateral line—a long ear 

that senses small, brief changes in water pressure, such as would be made by another fish 

swimming nearby. And the swim bladder can probably tell water depth. 

In the wild, zebrafish have a complicated and nuanced pigmentation profile that allows them to 

camouflage. Color has a well-established role in mating displays, cooperation, and aggression. 

Pigmentation is affected by UV-light conservation and changes with various environmental 

conditions. 

At day six post-fertilization, zebrafish imprint an olfactory template of kin and recognize even an 
unfamiliar kin. At about fifteen days, they identify as same any individuals consistently in their 

immediate circle, even if the young is striped and the other is albino. Given a chance to choose 

shoaling mates, each fish prefers those with whom they were raised. 



Mating behavior is also fixed. In the wild zebrafish mating is seasonal and enhanced by the 

natural division of labor that takes females away foraging. In the wild, light appears to be the 

main trigger for breeding behaviors. 

Females take their time choosing a spot where the eggs won't disperse in the current, won't get 

eaten by other fish, and can be found by the males. 

In captivity, 

 There are no predators. In tanks, zebrafish have been observed to approach predators at 

glass partitions. 

 They always eat their eggs if the eggs are available. 

 They are larger and live longer. 

 They lack the sex determination systems of wild strains. 

 To make zebrafish, mate scientists deprive males of females and let the girls in at the first 

hour of dawn. 

 Spawning tanks that hold up to 200 fish are used to produce thousands of embryos. 

 Scientists circulate water changing it often, keeping constant the salinity, temperature, 

oxygen levels, nitrates, and other minerals. 

 Typically fish food is flakes, though there is a steady move to pelleted and 

microencapsulated food and, in some labs, live foods such as artemia and rotifer. 

 Scientists put plastic plants into the tanks. Females lay their eggs next to the plants. There 

is no opportunity to forage and males do not have the wherewithal to build nests. 

 Some scientists have put slanting gridded insets inside of the tanks to simulate a shoreline. 

 Scientists sometimes place elaborate foliage to prevent eye contact. 

 Where cold water is used to end life, technicians sweep large numbers up into nets ready 
for transport to the cooling tank. 

No doubt when you were perusing the behavioral information, a plethora of questions floated 

up—especially when you consider the few facts available about fish that live in the lab, and even 

fewer facts about zebrafish in the wild. 

So can you resist making a gap analysis when you read about some of the lab practices? "We 

need to know so much more about the behavior across strains of this fish," Prof. Miller says, "in 

order to interpret observations accurately and provide what zebrafish need in a laboratory 

setting. We have a good foundation as we know quite a lot about other fish including some 

cyprinids. And, it is established that in the laboratory, zebrafish make choices and learn. But 

zebrafish in the wild are difficult to study, and we know hardly anything about the impact of a 

laboratory environment on natural behavior." 

“There are so many questions and no definitive answers,” Carol Wilson, Head of the Fish Facility 

at University College London, told us. “Scientists brought the first zebrafish they used from pet 

shops. Those fish had probably undergone a form of domestication in a way similar to the 

domestication of dogs. 

“So we know very little about zebrafish husbandry; in part because it is difficult to study them in 

the wild and in part because funding for most welfare and husbandry projects, including studies 

of zebrafish in the wild, is limited. We need a baseline for well being before we can create a plan 

to assess and monitor well being, provide for zebrafish welfare, plan for enrichment, and 
standardize husbandry practice.” 

Many in the biomedical industry still think of the zebrafish as a cute aquarium pet with a new 

use. But remember: scientists learned over time that they would see a rich emotional life in a 

mouse and a rat, or a rabbit and a pig, if only they would be open to knowing it. We hope 



fervently that the learning curve with zebrafish will be foreshortened by the benefits welfare and 

enrichment have brought our elder animal models. 

Read one researcher’s tale of how he uses zebrafish to study behavior below or at 

www.alnmag.com/articles/2015/11/zebrafish-show-sway-group-behavior. 
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Using Zebrafish to Examine the Sway of Group Behavior 
Noam Miller  

In my lab we study how individual zebrafish cognition is influenced by 

being in a group. Questions I’m interested in include: How do 

zebrafish balance their own preferences and social information when 

they are in a group? How do they coordinate their movements and 

decisions such that the group holds together while foraging and 

eluding predators? 

Recently we showed that fish in a group can combine individual and 

social information to choose an option that satisfies everyone. 

Noam Miller is an Assistant Professor, Department of Psychology at Wilfred Laurier University in 

Ontario, Canada. www.millerlab.ca 

In the study, members of one fish group were trained in a maze to find food wherever the floor 

of the maze was blue. Members of another group were fed wherever the maze walls had vertical 

stripes. When the two groups were mixed, most of the fish ended up in the one location that had 

both a blue floor and vertical stripes on the walls, even though there were other locations with 

either blue floors or vertical stripes. 

The more group members choose an option, the more attractive it becomes, just as a full 
restaurant with a line out the door is attractive to bystanders. Different individuals in naturally 

occurring groups of many species will differ in past experience, so this sort of simple consensus-

making is likely to be a central feature of many animal groups.  
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