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1 Introduction
Over the past decade, the zebrafish has become an important model organism for biological
research. In recent years, more than 1800 zebrafish mutants have been identified, providing
a rich resource for the study of embryonic development in vertebrates. An increasing num-
ber of laboratories are now starting to use this unique collection of zebrafish mutants for
their research. 

Raising and maintaining zebrafish is more demanding than keeping stocks of inverte-
brates, but less so than keeping stocks of mammals. This chapter is aimed at giving a back-
ground on how to raise mutant and laboratory wild-type stocks and how to maintain them in
good breeding conditions. We describe aquarium systems and water conditions as well as pro-
cedures to raise and breed zebrafish. While this chapter is aimed primarily at investigators
entering the zebrafish field, the recipes and protocols may also provide useful information
for experienced zebrafish researchers.

2 Aquaria systems and water conditions
2.1 Aquaria systems
The major demands to aquaria systems are posed by the problem of keeping the water in
good condition. If the water is not constantly kept clean, the fish will suffer from the toxicity
of their own excretions and derivatives thereof. The simplest way to keep the water clean is
to keep fish at very low densities and to replace the water at regular intervals. A more elabor-
ate method is to equip the aquaria with biological filters through which the water is circu-
lated and purified. The filters contain material with a large surface area on which bacteria 
can grow, which degrade toxic ammonium to less toxic nitrates. In larger systems, water
from several (often more than 1000) tanks may be recycled through one large common filter
(recirculating systems).

The exact type of facility required depends very much on the actual work to be done. For
experiments involving only wild-type embryos and one or two mutant strains, a few large
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tanks are sufficient. However, genetic experiments with zebrafish often need facilities with
up to several thousand tanks. When setting up such a system, the space requirements have
to be considered, as well as the costs of maintenance and the overall safety of the system. In
several laboratories, large-scale aquaria systems that are tailored to a variety of experimental
needs have been built. The principles of such systems are described below.

2.1.1 Systems without filtering
On the one hand, non-circulating systems avoid all costs of establishing and servicing filters
and are therefore relatively cheap to set up. On the other hand, they are very space-demand-
ing, because fish have to be kept at low densities. Moreover, they require high maintenance
and, in practice, they work only in areas where water of very high quality can be produced at
a low cost.

Adult fish can be maintained without feeding and water exchange for up to 10 days at low
densities (no more than two fish per litre). Keeping fish for longer periods requires feeding
and regular water exchange. This can be done on a daily basis or continuously. In flow-
through systems the tanks are typically large (20–200 litres) and each has its own adjustable
inlet and an overflow (for example, a hole, equipped with a sieve, drilled just below the upper
rim of the tank). The rate of freshwater supply should be about 0.3 tank volumes per day,
allowing fish densities of one fish in 1–3 litres, depending on the feeding regimen. The tap
water should be charcoal filtered and run through ultraviolet (UV) lamps before entering the
aquaria. As the charcoal removes oxygen from the water, it is necessary to aerate the tanks
using bubble stones. Care has to be taken to avoid overfeeding of fish, as surplus food quick-
ly rots and thus decreases the water quality. The tanks have to be cleaned daily to remove 
faeces and surplus food after the last feeding. To avoid spread of infections between tanks, it
is routine to handle fish only with sterilized or disposable items. However, it is not easy to
avoid spreading infections in genetic experiments, where it is often necessary to mix fish
from different tanks and different rooms.

2.1.2 Recirculation systems
With biological filters, the water is purified, cleaned, and reused. A principal advantage of
recirculation systems is that they provide high-quality water and a high water exchange rate.
For small-scale experiments, fully equipped tanks with an appropriate filter, illumination,
heater, and aeration can be purchased at local pet stores. Gravel and plants are not required.
The tanks should be placed on a dark surface (because the fish like those better than light 
surfaces) and not in the vicinity of windows, in order to avoid growth of algae. With an appro-
priate filter, which is serviced regularly, and bi-weekly exchange of one-third of the water,
fish can be kept at densities of about one fish per litre with little maintenance.

In large-scale recirculating systems, the water of many tanks is cleaned and regenerated
through a common filter unit. Such systems therefore permit the raising and maintaining of
very large numbers of fish in a comparatively small space. As hundreds, or more, tanks can
be serviced by one filter, very high-quality water is provided with little maintenance. On the
other hand, diseases can spread between the interconnected tanks in recirculation systems.
Sterilizing the water by UV irradiation before redistribution can reduce this problem.

A large-scale recirculation system suited for genetic screening purposes was developed for
the 1993 Tübingen mutagenesis screen. This system has proved to be very reliable and effec-
tive, and is therefore described here in detail (Figure 1). Smaller-scale versions of this system,
with minor modifications, are now in use in many zebrafish laboratories throughout the
world, including the authors’ laboratories. The system was built by an experienced company
(Schwarz, Germany), but similar systems are now also available from other companies (e.g.
Müller & Pfleger, Germany or Marine Biotech Inc., USA).
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For the purpose of an inbreeding genetic screen, a large number of relatively small fish con-
tainers is needed. Two types of aquaria are in use, which will be described below: serial tanks
and overflow containers (see Sections 2.2.2 and 2.2.3). The water from a room holding between
200 and 1500 aquaria is collected and recycled through a big common filter. From the filter
basin, the water is pumped up into a large reservoir located above the racks of aquaria in the
fish room (Figure 1). From the reservoir it is distributed to the aquaria by gravity flow. The flow
rate can be adjusted for each row of aquaria. For adult fish, an exchange rate of about three
tank volumes per hour is recommended. This high flow rate is the major determinant to allow
the fish to be kept at high densities. The water is kept in constant motion and debris is
generally automatically flushed out of the tanks, reducing the necessity of regular cleaning.

Such systems can also be divided into several smaller units with individual filters, e.g. one
for each rack of fish containers. This can be done to further reduce the possibility of spread-
ing diseases. However, each filter unit has to be serviced individually, thus increasing the
maintenance work. Stand-alone units with just a single rack of fish containers and an inte-
grated biological filter, pump, UV sterilizer, and particle filter, etc. are also available (Figure 2;
e.g. from Marine Biotech Inc. or Schwarz). Several different sizes of fish containers can be
used in such units and several units can be combined into a bigger system.

KEEPING AND RAISING ZEBRAFISH
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Figure 1 Large-scale recirculation system. The upper room contains the aquaria (serial tanks, mouse cages,
and/or single boxes). Water is distributed to the aquaria by gravity flow from a common reservoir located
above the aquaria. The water from the aquaria is collected in a common pipe and recycled through a large
filter unit in the room below. From the filter basin, the water is pumped back up into the reservoir. On its
way, it passes through a UV filter unit.
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2.2 Aquaria 
2.2.1 Tanks
Aquaria should be made of high-quality glass to minimize the risk of the glass breaking. As
zebrafish are surface-living fish, the height of the aquaria does not have to exceed 25cm, pro-
vided the tanks have a relatively large surface area. Aquaria made of plastic may also be used;
however, they do not keep as clean as glass tanks and get scratched easily over time. Com-
mercial mouse or rat cages (Ehret, Germany) are available in sizes of 2.5, 5, and 12 litres and
also make good fish containers. Lids should be made of clear plastic and fit very tightly
because fish can escape through even relatively small slits. It is advisable to use extra strong
tape to secure one end of the lid to the container. Lids should have a small hole, no larger
than 1cm in diameter, to allow feeding with a squirt bottle without having to open the lid.
The tubing carrying the water, outlets, etc. should be non-transparent silicone or green
polypropylene, in order to avoid algal growth.

In large-scale recirculating systems, two types of aquaria are in use: serial tanks and over-
flow containers.

MICHAEL BRAND ET AL.
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Figure 2 Stand-alone unit. A single rack of fish containers (shown here for single boxes and mouse cages)
is equipped with an integrated water reservoir, a biological and particle filter, a pump, and a UV sterilizer.
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2.2.2 Serial tanks
Serial tanks are long glass aquaria that are divided transversely by partitions to provide a
number of individual compartments for keeping adult fish (Figure 3a). The aquaria are about
120cm long, 60cm deep, and 22cm high. They are subdivided by glass plates that leave a 
1.5mm slit at the bottom, resulting in a series of 8–10 interconnected compartments of about
12 litres each. This volume is just right to keep one family of 60–70 fish. Each compartment
has a separate lid. Water in a row of tanks flows into the compartment at one end and runs
through the slits from one tank to the next, carrying dirt particles with it. The water is
drained from the last compartment at the other end of the row by an overflow pipe, which
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Figure 3 (a) A row of serial tanks. Serial tanks consist of a long glass aquarium which is divided into
individual compartments by glass partitions. The glass partitions leave a 1.5mm slit at the bottom, resulting
in a series of interconnected compartments. Water in a row of tanks flows into the compartment at one end
and runs through the slits from one tank to the next. It is drained from the last compartment by an overflow
pipe. The overflow is equipped with a grid to prevent fish from escaping. (b) Overflow containers. Individual
containers (shown here as single boxes and mouse cages) are placed on to a rimmed glass shelf. Water
enters into each container through a small outlet from a pipe that runs along each shelf. From each
container, it is drained on to the shelf through an overflow. From the shelf it is collected by a common
drainage pipe that takes the water to the filter unit.
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determines the water level. The overflow must be equipped with a grid (we use hair curlers)
to keep fish from escaping from the tanks. The advantage of this type of tank is that it has only
one inlet and one outlet for 12 compartments, which is cost effective and also reduces the time
that has to be spent checking the water flow. Moreover, the water passes through the serial
compartments at the bottom, thus flushing out any dirt that has sunk down. The system works
only for juvenile or adult fish that are large enough not to pass through the slits. We also use
small serial tank units, in which each compartment holds about 2.5 litres, to keep identified
carrier fish for long periods of time, with hardly any maintenance work needed.

2.2.3 Overflow containers
In this system, individual containers are placed in a row on to a rimmed glass shelf. Water
enters into each container through a little outlet and exits through an overflow on to the
shelf, from where it is drained into the communal filter (Figure 3b). We mostly use 2.5-litre
mouse cages for raising larvae and 1-litre plastic boxes for keeping single fish in this set-up.

Mouse cages are equipped with an outflow at the top margin. This is a hole of 3.5cm dia-
meter into which a grid is inserted. Grids of three different mesh sizes (0.3mm, 1mm, and 
2mm), depending on the age of the fish, are used to prevent fish from escaping through the
overflow. For 1-litre boxes, a 2-cm long slit with a width of about 2mm is cut into the top edge
of the box. The water enters into these containers via a common pipe with a series of outlets
equipped with silicone tubing. Cut-off Eppendorf pipette tips are stuck into the ends of the
silicone tubes. The outlets are spaced such that each container is supplied individually with
running water (Figure 3b). The water flow in these outlets does not have to be adjustable indi-
vidually, as the pressure resulting from the reservoir located above the shelves is sufficient to
provide an even flow of water. 

At one end of the shelf, the water from all containers on the shelf is collected and drained
into the filter system. The system holds several sizes of containers and is therefore very 
versatile. For example, rat cages with a volume of 12 litres can be used to raise families of fish.
Mouse cages or rat cages may be further subdivided by plastic partitions with slits on the 
bottom, like those in the serial tank system, to ensure a flow of water from one compartment
to the other. Compared to small boxes for individual fish, the ‘hybrid’ compartments stay
cleaner and work well for small numbers of fish. This type of container also ensures a more
efficient use of space. For instance, when males and females of the same genotype need to be
kept separated, they can still be kept in the same mouse cage.

Overflow systems made of glass aquaria have also recently become available (Schwarz or
Müller & Pfleger). These aquaria have the dimensions of the serial tanks; however, the com-
partments are completely separated from each other. A slit at the back allows the water to
enter a drainage canal running along this side. Each tank has an individual water inlet at the
front. At the overflow a small filter mat keeps even very small fish from escaping. Juvenile
fish (about 1 month old) can be transferred into these tanks. Although this arrangement has
the advantage of complete separation of individual containers, it is not as easy to keep clean
as the serial tanks. Moreover, it is more expensive to set up and service.

3 Water
3.1 Fresh fish water
The mineral content and buffering capacity of the water is important for the health and
fecundity of the fish. In general, elevated salt concentrations have a positive effect on fish
health because they reduce bacterial growth and the pH is more stable when the quality of
the water changes. However, lower salt concentrations promote fecundity of the fish.

MICHAEL BRAND ET AL.
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3.1.1 Tap water and charcoal filtering
In many laboratories, tap water can be used without further processing. However, as a minimal
precaution, the water should be passed through a charcoal filter of an appropriate capacity in
order to remove possible organic contaminants (e.g. pesticides) and chlorine. 

The capacity of the charcoal depends on the individual brand of charcoal. It is usually
given as the capacity to absorb a certain concentration of a compound to be removed (e.g.
chlorine) and the total amount of water that can be filtered per volume element of charcoal.
From these numbers and the amount of water entering the system per day, the total lifetime
of the charcoal filter cartridge can be calculated.

3.1.2 Diluted tap water
If the water is too rich in calcium carbonate, it should be mixed with deionized water. Tübin-
gen tap water, for instance, is rich in calcium (73.3mg/l) and hydrogen carbonate (195mg/l),
and has a correspondingly high electrical conductivity (approximately 700µS) and a pH of 8
or higher. The tap water is mixed with reverse osmosis water, to give a conductivity of about
300µS and a pH of 7.5. This seems to be a good compromise between sufficiently low con-
ductivity, which stimulates egg laying, and a sufficiently high carbonate buffering capacity at
an acceptable pH. 

3.1.3 Conditioned water
In most areas, it is advisable to desalt the water completely using reverse osmosis. Following
this treatment, salts must be added such that the water has a pH of about 7 and a conductiv-
ity of approximately 180µS. 

It is essential to keep records of the fish water quality in the fish facility. The different
parameters should be measured at least once a week.

KEEPING AND RAISING ZEBRAFISH
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Protocol 1
Conditioned water

Equipment and reagents 

Method
1 Run tap water through charcoal filters and subsequently through a reverse osmosis system. 

2 To generate conditioned water, add per 1000 litres of reverse osmosis water: 75 g sodium
bicarbonate, 18g sea salt, 8.4g calcium sulphate. 

3 10 to 20% of the total fish water volume should be exchanged with conditioned water on a daily
basis.

4 Measure values daily and keep records:

(a) Temperatures: 26–28 �C (water), 27–29 �C (air) to prevent condensation of water.

(b) pH: about 6.8–7.5, not lower than 6, not higher than 8 (use bicarbonate or HCl, respectively,
to adjust pH).

• Reverse osmosis system

• Thermometer

• pH meter

• Conductivity meter (1–1000µS range)

• Nitrite dip sticks (e.g. Aqua Lab III Nitrite Test
Strips, That Fish Place, USA)

• Chlorine test strips (e.g. Aquaculture Supply,
USA)

• Sodium bicarbonate

• Sea salt (Instant Ocean, Aquaculture Supply,
USA)

• Calcium sulphate
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3.1.4 Problems with the water
If the water does not have a sufficient buffering capacity (or due to other imbalances), the pH
can drop below 6. As a low pH has toxic effects, bicarbonate should be added to the water to
increase the pH. If the biological filters are not yet working, or if their capacity is too low, the
pH may rise to values above 8. This prevents the growth of denitrifying bacteria in the filter
and causes a build-up of toxic ammonium compounds in the fish water. In combination with
excessive feeding, this may cause the water to become turbid due to growth of other bacterial
species. Frequent water changes and adjustments of the pH by careful addition of HCl can
solve the problem. 

All biological filters require a start-up phase until the denitrifying bacteria have colonized
the filter mats. Usually this takes at least several weeks. This period can be shortened if the
filter mats are inoculated with a sample of water from an established biological filter. Altern-
atively, preparations of denitrifying bacteria are available in aquarium stores (e.g. from Tetra
Germany). During the start-up phase, the water should be checked daily for ammonium 
compounds (with Merck test strips). The levels of nitrite should be very low or undetectable.
If they rise, the water should be exchanged immediately. It is wise to populate a new fish
facility gradually over a period of 2 months to allow the biological filters to equilibrate.

Some researchers also aerate the water. With a dripping filter such as those used in the
large-scale recirculating systems (Figure 1) this is not necessary. However, it should be kept in
mind that the denitrifying bacteria require oxygen for their task, therefore when filters are
placed in individual tanks, aeration of the filters improves the water quality. If fish water is
prepared from reverse osmosis water, or after charcoal filtering, aeration also is required as
the charcoal absorbs oxygen. 

Care should be taken to ensure that the materials used in setting up the aquarium sys-
tems, such as pipes, plastic connections, tubing, siphons, pumps, etc., do not leak toxic 
compounds into the water. If contamination is suspected, charcoal filters may help to remove
toxic compounds.

3.2 Filtering
3.2.1 Biological filters
The simplest commercial filters consist essentially of a box holding gravel, foam, or other mate-
rial with a large surface area, which is placed into the aquarium. Bubbling air through the filter
causes a constant stream of water. More elaborate filters are placed outside the aquarium and
water from the aquarium is pumped and recycled using appropriate connecting tubing. Small-
scale filters of the type available in every aquarium store will do for individual tanks. 

In large-scale recirculating systems, the water is filtered collectively through biological 
filters with filter mats (approximately 1000 litres of water per m2 of foamed plastic with a
10–30ppi pore size, 3cm thickness). We have found that such filter mats are more effective

MICHAEL BRAND ET AL.
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(c) Conductivity: 180–350µS. 

(d) Nitrate/nitrite: nitrite should not be detectable with dip sticks. Moderate levels of nitrate
(between 100 and 200mg/l) are easily tolerated by the fish. If necessary, increase the amount
of conditioned fish water added daily to reduce the levels of nitrate and nitrite. 

(e) Chlorine: should not be detectable with dip sticks. Caution: Dip sticks are not very useful as
the detection levels are already above those toxic for young fish larvae. 

Protocol 1 continued
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in denitrification than several other commercially available filter materials. The filter mats
act as coarse mechanical filters, but most importantly they provide a large surface area for
aerobic denitrifying bacteria (Nitrosomonas and Nitrobacter, see ref. 1), which degrade ammonium
compounds to nitrite and finally nitrate. Ammonium and nitrite are very toxic to the fish
even at low levels, whereas nitrate is tolerable below about 200mg/l. Since the surface area of
the filters must be large, mats of foamed plastic are arranged in a series of shelves, with
increasing density of foam, through which the water drips into the filter basin. The filter
basin contains additional foam mats. A top layer with disposable synthetic filter material can
be used to collect coarse debris. This should be checked twice a week for clogging and
exchanged if necessary. The filter mats themselves are cleaned about once a month by rins-
ing them in clean water or in a commercial washing machine without adding any washing
powder. Mat cleaning should be scheduled such that no more than half of the mats from a
given filter are washed at the same time.

The production of nitrate leads to a lowering of the pH. Normally 5% of the water is
exchanged with fresh water on a daily basis. This is sufficient to keep the nitrate at a tolera-
ble level. Water is exchanged using a simple timer-operated valve available in gardening sup-
ply stores. If the pH drops and/or if the nitrate increase is rapid (e.g. caused by excessive feed-
ing), more fresh water has to be added. In addition, the filter basins contain a device (a float
like the ones used in toilet tanks) that causes automatic refilling with fresh water in case the
water level drops below a set limit. Filtered water is pumped from the bottom reservoir up
into the top reservoir that is located above the aquaria (Figure 1). There are two pumps per 
filter unit that run on alternate 12-hour cycles. In the case of one breaking down, the other
one automatically takes over. The top reservoir has an overflow pipe, allowing water to flow
into the bottom reservoir to prevent spillage of water from the top reservoir in case it is too
full.

3.2.2 Mechanical filtering and UV sterilization
The biological filters serve as coarse mechanical filters and to degrade organic compounds
biologically at the same time. However, water that has passed through these filters still con-
tains a significant amount of small debris that can cause clogging, particularly of the fine
water outlets in the mouse-cage system. The amount of debris depends on the amount of food
brought into the system and general cleanliness of the system. Some debris collects in the
glass trays of the mouse-cage system, which should be removed with a commercial water 
vacuum cleaner. Additional filter devices can be installed to suppress clogging problems if
necessary, e.g. a sand filter or a pleated cartridge filter (Aquaculture Supply, Inc.). 

Installation of UV lamps in the circulation is advisable, because the UV radiation signifi-
cantly reduces microbial growth and hence the transmission of diseases. For different micro-
organisms, the lethal dose varies over a 100-fold range. In order to be effective, UV lamps
should deliver a dose of at least 10000W/s/cm2, which kills 99% of all Mycobacterium tuber-
culosis, a major fish pathogen. The lamps need to be cleaned and exchanged on a regular basis,
e.g. about once a year, depending on the individual bulbs used and their run time.

4 Room conditions and maintenance
4.1 Room conditions
A start-up facility does not require much space, e.g. 30m2 for about 1000 containers, includ-
ing bench and shelf space for setting up crosses. The major requirements for a suitable room
are that it should have a water supply line, ideally an additional one with reverse osmosis
water, a sink, a floor drain, several power lines and programmable room light. Care should be
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taken that the floor construction is suited to support the weight of the tanks. All furniture
and equipment in the room (racks, shelves, table tops, etc.) should be made of material that
tolerates the high humidity and the frequent exposure to water. 

In large facilities, the filters and reverse osmosis may be in a separate room below the fish
rooms (Figure 1). However, in smaller facilities, it is often more convenient to place them in
the same room with the aquaria, e.g. underneath one of the racks of tanks (Figure 2).

4.2 Temperature
Zebrafish require water temperatures ranging between 25 �C and 28 �C. We normally adjust
the temperature to around 26 �C, using several heaters placed into the filter basin. The room
temperature should be set slightly higher (e.g. at 27 �C), which prevents condensation of
water and growth of mould on the walls of the rooms. Higher temperatures are uncomfort-
able for people working in the fish rooms and might also reduce the life span of the fish. 
Further, the higher the temperature, the lower the oxygen content of the water. Since there
are several heaters for each basin, none of which on its own is sufficient to heat up above 
tolerable values, there is no danger of overheating. Temperatures dropping to room tempera-
ture by failure of the heaters are not dangerous for the fish.

4.3 Illumination
Zebrafish are usually kept on a 14-hour light–10-hour dark cycle, using appropriate timers.
For convenience, lamps may be installed above every row of tanks, although a brighter illu-
mination will also result in increased growth of algae. Although fish also do well in dim light,
bright illumination of the room is generally desirable because it allows researchers to work
more easily. Red-light lamps may also be installed in the fish rooms, allowing researchers to
perform tasks while the fish are ‘sleeping’. 

Zebrafish spawn when the light is turned on in the morning. If embryos at particular
stages of development are needed at specific times of the day, the parent fish should be kept
on a shifted time schedule in special light cabinets. Light cabinets consist of a normal tank
system within a light-tight box. This box is equipped with a programmable light source. Hav-
ing several such cabinets allows the generation of embryos of many different developmental
stages in parallel, e.g. for transplantation/injection purposes. Feeding at inconvenient times
can be done by cheap automatic feeding devices that are available in all aquarium stores.

4.4 Cleaning
The cleanliness of the aquaria and filters is a most important feature of keeping fish in
healthy breeding conditions. To avoid the spreading of diseases, all containers and tools with
which the fish may come into contact should be kept clean. Debris that collects at the bottom
of tanks should be siphoned out. The overflow containers stay clean only if there are enough
fish to sufficiently stir up the water so that the dirt is carried out of the overflow. With only
a few adult fish in a large volume and careless feeding, the containers may get very dirty and
have to be cleaned regularly. Letting the water run at higher speed does help to flush out dirt,
but there is a limit as the reservoirs may run dry. In the serial tanks, dirt often collects in the
last compartment, which should be cleaned regularly.

In general, there are few mechanical problems with serial tanks. However, clogging of the
outlets, grids, and slits can occur in the overflow containers. It is therefore necessary to check
that the water is running in all aquaria on a daily basis. If blocked, the outlets and grids have
to be cleaned (e.g. with a toothbrush), as fish being kept at high densities may die overnight
if the water is not running. Clogging may be further suppressed by mechanical filtering
devices, such as sand filters or removable pleated cartridge filters. 

MICHAEL BRAND ET AL.
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Another problem may be algae that grow on the walls of the tanks, which should be
removed at regular intervals. Razor blades or a scrubbing sponge (Scotch brite) are suitable
for this task. As a precaution against algal growth, many researchers keep fish together with
snails. Florida freshwater snails (Planorbella spp.) clean the walls of algae and eat any surplus
food. In general, they have a very positive effect on the water quality and also reduce turbid-
ity that might occur at times of heavy feeding. Adult snails are sometimes killed and baby
snails are eaten by adult zebrafish, so it is necessary to regularly resupply snails to the fish
tanks. If one or two adult snails are added to a tank of larval fish, snails propagate readily.
Even though snails introduce a small amount of extra work, they are very helpful in keeping
the tanks clean. A tank without snails is easily spotted due to the fact that its walls are over-
grown by algae and the fish inside can no longer be seen. Care must be taken that snails are
introduced from disease-free colonies, otherwise they may be sources of infection. Snail
spawn may be bleached using the recipe described for fish embryos (see Protocol 5).

All containers and aquaria should be cleaned thoroughly before resupplying them with
live fish. For small boxes, such as mating containers, a dishwasher is useful. Care must be
taken to rinse away all washing soap before putting fish into a container. For mouse cages
and other overflow containers, scrubbing is necessary, as commercial mouse-cage washing
machines are not sufficient. Mouse cages may be autoclaved or dipped in disinfectant (see Pro-
tocol 12). The interconnected serial tanks should be disinfected before they are filled with a
new batch of young fish to be grown up. We use hydrogen peroxide as a disinfectant.
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Protocol 2
Tank disinfection

Reagents

Method 
1 Clean the aquaria: remove snails and other solid waste and brush the walls of the tank to remove

the worst of the dirt using the water that is in the tanks. Remove the outflow tube to allow water
to empty into the system. Allow the tanks to dry at this stage for at least 24h, as this is thought
to reduce the number of infectious bacteria.

2 Replace overflow pipe firmly into outflow. From this point on until the end it is essential that no
water/cleaning solution enters the system. Please make sure that the pipe is placed firmly into
the outflow and that the water level never exceeds the height of this pipe.

3 Make 2 litres of 5% acetic acid solution. Do not pour into tanks. Instead soak a sponge and
wipe the walls and floor with acetic acid solution. Wipe above the usual water mark to remove
chalk deposits. When all tanks have been wiped clean, rinse with cold tap water using a hose. Be
sure to spray down the walls. Siphon water into the drain (not into the system) using plastic
tubing. Alternatively, a water vacuum cleaner can be used to suck out the liquid. Any remaining
acid will be neutralized by the next step.

4 3% hydrogen peroxide in 0.1% NaOH. Once again, soak a sponge in the solution and use it to wipe
all inside surfaces of the tanks. Wipe down the tanks twice with this solution before rinsing.

• 5% acetic acid solution: dilute 100ml of acetic
acid in 2 litres of water

• Hydrogen peroxide/sodium hydroxide: add 
20ml of 10% NaOH to 200ml of 30% hydrogen

peroxide and fill to 2 litres with tap water.
Final concentration is 3% hydrogen peroxide
in 0.1% NaOH
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Nets are sterilized by placing them into a pot of boiling water for at least 20min. For each
fish collection, a separate net should be used.

Used plastic Petri dishes can be recycled by collecting them in a large cylindrical container
filled with tap water and bleach (50ml bleach in 50 litres of water). After bleaching, the dishes
should be rinsed thoroughly with tap water and dried at 50 �C.

4.5 Safety
When designing an aquarium system, it is important to minimize the number of mainten-
ance and control items. In the systems described above, a number of safety considerations
have been observed. In case of a breakdown of the heating control, the water cannot be over-
heated, and dropping to room temperature is no problem for the fish. There are two pumps
per filter unit, which automatically replace each other in case of a breakdown. If both pumps
stop working at the same time, the room will be flooded, but the tanks cannot run dry. The
tanks are constructed in a such way that they stay relatively clean without extra effort. Regu-
lar control of the pH and nitrate levels of the water has to be carried out, and the outlets and
inlets of the overflow containers have to be checked on a daily basis. With controls taking
place regularly, only rare coincidences will result in a disaster. Alarm systems can be installed
for pumps, temperature, the water levels in the reservoirs above the aquaria, or the reservoir
tank for deionized water, as well as for the ventilation of the rooms. For smaller facilities, 
regular inspections are quite sufficient, although an alarm system for the water level in the
reservoirs above the aquaria is recommended.

5 Fish care
5.1 Keeping adult fish
5.1.1 Fish densities
The maximum fish density in the aquaria depends on the efficiency of the filters, the age of
the fish, and the amount of feeding. As mentioned above, in systems without filtering, the
fish must be kept at low densities to keep them in good breeding condition. For fish kept in
quarantine, it is not convenient to use filters. Instead, they can be kept with complete daily
exchanges of water and moderate feeding at densities of about three fish per litre in individ-
ual containers. As mentioned above, pairs of fish or single fish can be kept without feeding
and water changes in 1-litre boxes for up to 10 days. 

In large-scale recirculating systems, families of sibling adult fish are kept in serial tanks at
densities of five adult fish per litre (60 fish/12 litres). They are raised at densities of up to 60
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Do not get this solution on the skin (it burns) or clothes (it bleaches the colour). Wear rubber
gloves. If it comes into contact with skin, the NaOH can be neutralized using a weak acid solu-
tion such as 5% acetic acid or tap water.

5 Rinse the tanks carefully using cold tap water through a hose until the tanks are two-thirds full.
Spray the walls down with water at high pressure to ensure that they are properly rinsed.
Siphon water out of tanks and empty the remainder using a vacuum cleaner if necessary.
Repeat this rinse step 3 times to ensure removal of all wash solution.

6 Start the flow of system water and allow the water to run overnight before adding fish. It is 
recommended that the tanks are tested first by placing some ‘tester’ fish in them for a day or
two before filling all of the tanks with fish.

Protocol 2 continued
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fish in 2.5-litre mouse cages in the overflow system. Adolescent fish should be transferred
into larger tanks when they are big enough not to pass through the 1.5mm slits, e.g. after
about 2–3 months, otherwise they might be retarded in their growth. The fish do well at
these high densities and the water in the tanks remains clean as it is kept in constant motion
and dirt is carried out via the slits and the overflow.

Zebrafish tend to be aggressive if few fish are kept together in small volumes of water. This
can be compensated by adding plastic ‘grass’ (Tetra) to the containers to give them an oppor-
tunity to hide from one another.

Fish that are no longer kept are anaesthetized and killed by placing them on ice.

5.1.2 Feeding
Beyond about 1 month of age, zebrafish can be fed with standard dry food flakes. It is advis-
able to use different kinds of flakes, as they might differ in quality and nutritional value. A
typical feeding regimen is to feed adult fish tanks twice a day (once on weekend days). Dry
food can be mixed into water and fed with a laboratory squirt bottle. When feeding, it is
important to take the number of fish in a tank into account and not to overfeed the fish. It is
good practice to check whether all food has been eaten within about 10min. Feeding too
much can spoil the water, because rotting food is a burden for the biological filters and a
breeding ground for bacteria. Adult fish that have to be kept for longer periods of time with-
out breeding require very little feeding (e.g. twice a week, preferably live food). Two weeks of
rich feeding will bring them back into breeding condition again.

Dry food alone is not sufficient to keep fish in good breeding conditions. Therefore it is
necessary to supplement it with live or frozen food. The most commonly used additional live
food is Artemia nauplia. These should be fed at least twice a week, or daily for ‘high perform-
ance’ breeding fish. Alternatively, or in addition to Artemia, Drosophila larvae or different types
of frozen food that are available from aquaculture supply stores can be used. Live or frozen
food (e.g. tubifex, Daphnia and Chironomus larvae) that has been harvested from freshwater 
systems that also harbour fish, should be avoided, as it may be a source of pathogens. On the
other hand, salt-water-dwelling articulates are safe (e.g. frozen adult Artemia and krill).

5.2 Raising fish
5.2.1 Collecting eggs
Zebrafish mate and spawn at dawn. In order to recover the eggs, it is necessary to provide a
means of protecting them from being eaten by the parents. A traditional, simple means is to
cover the bottom of the tank with a layer of glass marbles and to siphon out the eggs. Breed-
ing traps, consisting essentially of two plastic containers that fit tightly into one another, are
more convenient. The inner container holds the fish. Its base has been replaced by a grid,
through which the eggs fall into the outer container where they are protected from the fish
(Figure 4). Such breeding traps may be placed directly into the aquarium or, for more efficient
egg collection, the fish are taken out of the tank and placed into these containers for mating.
For the collection of eggs from groups of fish, e.g. for injection experiments, mating contain-
ers built from small-sized mouse cages are convenient. For controlled breeding, eggs are 
collected from single-pair matings. 

5.2.2 Setting up pair crosses
Mating crosses are best set up in the afternoon or early evening using the same conditions
(e.g. water quality, light–dark cycle) under which the fish are otherwise maintained. Mating
containers are available in different sizes and designs. In our laboratories we use mating con-
tainers consisting of 1-litre acrylic boxes equipped with a removable inner container (sieve)
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that holds the fish (Figure 4). A Rubber Maid food container with a hanging breeding trap
(Aquaculture Supply, USA) is an alternative. When setting up pair maitings, we add a small
bundle of green plastic ‘grass’ (Tetra), which serves as a ‘barrier’ between the two fish, to
reduce aggression.

Zebrafish can jump, and it is therefore important to keep the mating containers covered
at all times. Five breeding containers fit on to one tray with a bent-down front lip. The trays
can be stacked, which allows convenient handling of large numbers of crosses and saves
space in the setting-up area. Because the outer mating containers are made of clear plastic,
mating boxes containing eggs can be spotted easily. 

Usually, not all pairs that are set up will lay the next morning. About 12% will lay only on
the second day. Average laying rates can be as high as 50% of the pairs set up, with a large
variation between individual families. 

5.2.3 Collecting, sorting, and bleaching of embryos
The containers are checked for successful matings before noon the following day. Mating 
containers in which eggs are visible on the bottom are labelled, the embryos are collected (by
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Figure 4 Mating boxes consist of two plastic containers that fit tightly into one another. The bottom of the
inner container holding the fish has been replaced by a grid through which the eggs fall into the outer
container. In order to prevent fish from jumping out of the mating boxes, the boxes are covered with a lid.
Several mating boxes can be placed on a tray and several trays can be stacked to save bench space.
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pouring the water from the outer container through a fine mesh sieve), and are transferred
into a Petri dish in E3 medium (see Protocol 3 and 4). A good clutch consists of between 70 and
300 eggs, of which at least 80% are fertilized. Unfertilized eggs provide a source of nutrients
for growth of bacteria and mould, which may quickly spoil the water. It is therefore necessary
to transfer the fertilized eggs into a new dish with fresh E3 medium soon after they are laid.
To allow sufficient aeration, no more than 70 eggs should be kept in a 95-mm Petri dish, and
dead embryos or empty chorions should be removed regularly using a disposable plastic
pipette.
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Protocol 3
Setting up pair matings, collecting and sorting embryos

Equipment

Mating containers (see also Figure 4)
A 1-litre acrylic box (Semadeni, Switzerland) is equipped with a removable mating sieve. The sieve is
made from a tightly fitting Tupperware plastic container, the bottom of which has been replaced by
a mesh of stainless steel (mesh size: 2mm). There is a space of about 2cm between the mesh net and
the bottom of the outer box. Both inner and outer box are level at the top, to prevent fish from escap-
ing into the outer box, and covered with a lid. This design allows the eggs to sink to the bottom but
prevents the adults from eating them. The mating containers also contain some plastic grass, allow-
ing fish to hide from each other (reduces aggression).

Method
1 Five mating containers are placed next to each other on a plastic tray and are filled with water

from the system. When fish are netted from a tank, it is convenient to use specially made nets
that fit tightly into the serial tanks. Care should be taken to avoid injuring the fish. Fish are
released into a mouse cage filled with fish water and are transferred to the setting-up area. One
female and one male each are caught using small nets and placed carefully into the mating
boxes. Once the fish are inside, the boxes are covered with a lid or with another tray in order to
prevent the fish from jumping out of the mating boxes (see Figure 4). 

2 Stack the mating boxes from one F1 stock as shown in Figure 4. Do not mix crosses from differ-
ent stocks in the same tray or stacks of trays, in order to avoid mix-ups between stocks. Label
each stack clearly with a label indicating the genotype and tank origin of the fish.

3 Check the mating containers for eggs late on the morning of the following day. For those cross-
es that laid, place two labels, indicating the genotypes of the parents, on to the mating contain-
er. In case of several crosses with the same parental genotypes, include a running number to 
distinguish each pair. Leave the crosses that did not lay and recheck them the next day.

4 The adults along with one label are transferred into a lidded 1-litre container filled with system
water. This container can be connected to the water circulation system or it can be left dis-
connected for up to 10 days without feeding. 

5 To collect embryos, place a 90-mm Petri dish in front of each mating container with eggs. Pour
the water from the mating container through a plastic tea strainer. Using a squeeze bottle filled

• Fish nets

• 90-mm Petri dishes

• Plastic tea strainer

• Tape

• Flexible plastic pipette
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with E3 medium, rinse the eggs from the tea strainer into the Petri dish and stick the second
label with the genotypes of the parents onto the lid of the Petri dish.

6 Sort 60 embryos that develop normally from the dish using a flexible plastic pipette under a dis-
secting scope and transfer them into a fresh 90-mm Petri dish which is approximately ¾ filled
with E3. Do not overfill such that the lid contacts the E3, as this might cause insufficient gas
exchange between the E3 and the surrounding air and hatched embryos might get stuck to the
lid. A fresh Petri dish ensures a minimum of contamination and the best survival rates for the
embryos. Be aware that embryos can get stuck in your pipette, so check pipettes when starting
to sort a new dish. Sorting eggs a few hours after they were laid facilitates the distinction
between fertilized and unfertilized eggs.

7 The dishes with the embryos are kept in an incubator at 28 �C.

Protocol 3 continued

Protocol 4
Embryo media

Reagents

E3 (for standard work with embryos) 
1 5mM NaCl, 0.17mM KCl, 0.33mM CaCl2, 0.33mM MgSO4, 10�5 % Methylene Blue.

2 E3 can be made up as a 60� stock (without Methylene Blue). The 1� medium keeps under non-
sterile conditions at room temperature for over a week.

3 For 10 litres of a 60� stock solution, mix 172 g NaCl, 7.6 g KCl, 29 g CaCl2.2H2O and 49 g
MgSO4.7H2O. Store stock in fridge.

4 Dilute 160ml of 60� stock in distilled H2O (dH2O) to make up 10 litres of E3 (1�), and add 30ml
of 0.01% Methylene Blue as a fungicide.

E2 Pen/Strep (to raise stocks that are not very healthy)
1 17.5g NaCl, 0.75g KCl, 2.4g MgSO4, 0.41g KH2PO4, 0.12g Na2HPO4 to 1 litre of water to make a

20� E2 stock. Autoclave. Add 7.25g CaCl2 to 100ml of water and autoclave. Add 3g NaHCO3 to
100ml of water and autoclave. Keep stocks refrigerated.

2 To make 1 litre of 1�E2, combine 50ml 20� E2 stock, 2ml of the CaCl2 solution, 2ml of the
NaHCO3 solution and add distilled water to 1 litre.

3 E2 Pen/Strep: make up a 60mg/ml penicillin, 100mg/ml streptomycin stock, aliquot and store at
�20 �C. Dilute 1 :500 in 1� E2 for use.

• NaCl

• KCl

• CaCl2
• MgSO4

• Methylene Blue

• KH2PO4

• Na2HPO4

• NaHCO3

• Penicillin

• Streptomycin
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In order to decrease the risk of spreading diseases, we routinely treat eggs to be raised with
bleach. This should be done after epiboly is completed, but before 28 hours of development.
After 28 hours of development, bleaching can damage the embryo, since the chorion is
already partially degraded by hatching enzymes. As the bleaching procedure interferes with
hatching of the embryos, a small amount of pronase has to be added after bleaching to ensure
hatching. 

After hatching, the larvae remain in a Petri dish until day 5 of development. At this stage
most of the larvae have inflated their swim bladders (except for incrosses, where 25% of the
embryos display the mutant phenotype, which very often is associated with non-inflated
swim bladders). To achieve the highest survival rate and a homogeneously growing popula-
tion of fish, it is important to transfer and feed the larvae within 48 hours after their swim
bladders are inflated. 
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Protocol 5
Bleaching embryos for raising

Equipment and reagents 

Method
Embryos should be bleached after tail bud stage (approximately 10 hpf) and before they have reached
28 hpf (hours post-fertilization).

1 Clean the bleaching area (with 70% ethanol). 

2 Set up five containers, in the following order: bleach bath 1, water bath 1, bleach bath 2, water
bath 2, water bath 3. Prepare two bleach baths by adding 380µl NaOCl per 1 litre E3 (from a
10–13% NaOCl solution, Sigma). Use tap water.

3 Transfer embryos to clean tea strainers and stick corresponding label with genotype on to the
handle of the tea strainer.

4 Transfer the tea strainer with the embryos to the first bleach bath and incubate for 5 minutes
(make sure embryos are submerged in the bath).

5 Transfer the tea strainer with the embryos successively into the following baths, submerge and
incubate for 5min each.

6 Wash the embryos into a new Petri dish with E3 medium.

7 Transfer the labels from the tea strainer handles to the lids of the corresponding Petri dishes.

8 Add 10µl pronase (30mg/ml in E3) to each Petri dish and place dish into a 28 �C incubator.
Embryos will not hatch without addition of pronase!

9 Next day: check that all embryos have hatched and help them out with clean forceps if 
necessary.

• 70% ethanol

• 5 plastic containers (each approximately 
1 litre)

• Flexible plastic pipettes 

• Plastic tea strainers (sterile)

• Timer

• 90-mm Petri dishes

• 10–13% NaOCl solution (Sigma)

• E3 medium

• Pronase (Roche Molecular Biology, 30mg/ml
in E3; aliquot and store at �20 �C)
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5.2.4 Raising of zebrafish larvae
During the first period of feeding, (day 6 to day 15), there is no water exchange and 60 fish
larvae are kept in about 1 litre of water. At about 2 weeks of age, water is added to 2 litres 
and exchanged continuously by connecting the tank to the water system. At the age of 2
months the fish are transferred to the serial tanks. They will be ready to breed at the age of
3–4 months. The critical period for raising larvae is the first period, during which the water
quality and the feeding regimen have to be very carefully controlled.
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Protocol 6
Raising larvae

Equipment and reagents

Method
1 Within 24–48 hours after the larvae inflate their swim bladders, feeding should be started

(around days 5–8 of development). Remove remaining chorions and any dead or abnormally
developed embryos under a dissecting microscope. 

2 Fill mouse cages with 1 litre of fish water. If conditioned water prepared by reverse osmosis is
used, the water must be aerated. A 20-litre container is filled with fish water and bubbled with
air using a simple aquarium pump for 24 hours before being used. Some laboratories also add
salts to the water used for raising fish larvae (e.g. Coral Reef Red Sea Salt, final concentration: 
3g/l). Salt is thought to inhibit bacterial growth and increases the buffering capacity. 

3 Slowly and carefully pour the larvae into the mouse cage and put the lid on. Transfer the label
from the Petri dish to the mouse cage. At this stage, do not yet connect the mouse cages to the
fish water supply.

4 Use baby dry food to feed the larvae twice a day from day 6 to day 16. Take a little bit of powder
with the fingertips and sprinkle it on to the water surface, or use a food dispenser as described
above. Fill the dispenser with powder and cover tightly. A slight tap at the rim of the mouse cage
should release just the right amount of powder. There is no need to cover the entire surface with
food, the fish larvae will find it. Apply the powder such that most of it stays on the surface and
does not sink down. This is necessary as the larvae only feed on the dry food provided at the sur-
face. Within minutes, the larvae will start eating the food from the surface. Dry food that sinks
to the bottom is not consumed by the fish and diminishes the water quality, which can reduce
the survival rate dramatically. Caution: Do not overfeed the larvae at this stage. As the containers
are not yet connected to the water supply, rotting excess food will cause a rapid deterioration of
the water quality. On the other hand, underfeeding may be just as harmful, as baby fish easily
die of starvation or are retarded in their growth. 

5 If fed appropriately, there is no need to add or exchange water until day 16. Occasionally a layer
of scum can form on the surface, preventing the larvae from reaching the food. Carefully
remove the scum using a brush. With time, and appropriate feeding, the water gets cloudy but
this is no cause for alarm.

• Mouse cages with small grids

• Fish water

• Sea salt (optional)

• Tetra-AZ 200 (Tetra Germany) or Fry food
Kyona A 250 (keep stock closely sealed in a

refrigerator, aliquot in the fish room; food
may clog when it gets moist)

• Food dispenser (e.g. plastic baby spoon,
bottom replaced with stainless steel mesh
and lid)
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The best food for baby fish is live infusoria, e.g. paramecia, or rotifers. Suspensions of the
collected and washed infusoria are added to the water in which the fish swim. 
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6 Start feeding babies with Artemia at day 16. Once the babies are big enough to be fed Artemia, the
mouse cages have to be connected to the water system. Insert a grid with the smallest mesh size
into the outlet hole. Check the inflow tip for dirt.

7 Adjust the dripping rate of the incoming water to 1–2 drops per second for the next 7 days. The
2-week-old fish are tiny at this point and can easily be flushed out of the mouse cage if the water
flow rate is too high. The larvae should never be swept around by the water current in the mouse
cage. 

8 Start feeding small amounts of Artemia to the larvae and check 5 minutes later if they have eaten
all the Artemia (see Protocol 8 for Artemia production). Make sure the Artemia being fed are freshly
hatched and move around. Small fish do not eat dead Artemia, which rapidly sink to the bottom
of the mouse cage. Only after the fish have finished eating all Artemia, add more Artemia and
check again 5 minutes later. Avoid adding too many Artemia at a time as they may clog up the
mouse-cage outflow grid. Well-fed larvae have a round red belly after each meal. Feed Artemia
every day, three times a day at approximately 4-hourly intervals. Don’t add snails to the mouse
cages as long as the fish are still very young (optional). 

9 Check the flow rate daily for the first 3 days and check daily for clogged overflow nets. As the
fish grow, replace the outflow nets with nets of a larger mesh size and increase the amount of
Artemia being fed. At the age of about 5 weeks, start feeding dry food in addition to Artemia. As
the fish reach 2 months of age, they need about 5–10 times more Artemia than they were fed on
day 16. Once fish reach 2–3 months of age, they should be transferred into 12-litre aquariums.
They should reach sexual maturity within the next month.

Protocol 6 continued

Protocol 7
Raising infusoria
A number of live food sources for fish larvae younger than 3 weeks have been reported, including
paramecia, Tetrahymena, and rotifers. An incomplete list of references for various protocols with
detailed instructions for raising paramecia, Tetrahymena, and rotifers is given below.

A. Rotifers

Reagents 

Method
1 Grow Brachionus spp. rotifers in 25- or 50-litre round plastic tanks with 15g/l sea salt in deionized

water at about 25 �C with slow-bubbling aeration. Rotifers are inoculated at a density of 100–150
rotifers/ml and are fed on instant Culture Selco (CS) food.

• Culture Selco food (CS, Inve Aquaculture,
Belgium)

• Sea salt (e.g. Instant Ocean or Forty Fathoms,
Aquaculture Supply, USA)

• 2.5% glutaraldehyde solution

• Brachionus spp. (Drs P. Dhert and P. Sorgeloos,
University of Ghent, Belgium)
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Infusoria are difficult to produce in large quantities. Therefore, the larvae are fed baby fish
dry food (see Protocol 6). Although the nutritional value of the dry food is excellent, the prob-
lem is that surplus food rots quickly and spoils the water. Of course, underfeeding is also 
dangerous, because it prolongs the time until babies can eat Artemia and may cause death by
starvation or unequal growth of fish.
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2 Depending on the density of the culture, feed increasing amounts of CS: 6g when set up and
approximately 6, 7, 8.5, 10, 11, and 12g, respectively, on subsequent days. 

3 After 7 days the culture has over 500 rotifers/ml and is harvested through a fine net. The rotifers
are resuspended in 14 litres of sea water (15g/l sea salt), of which about a quarter is used to 
re-inoculate the culture.

4 The remainder can be stored in the refrigerator for up to a week and is used for feeding fish lar-
vae (2 �12ml/mouse cage/day). The rotifer density is determined by withdrawing a few milli-
litres with a pipette from the medial water column of the tank, of which 10 aliquots of 100�l are
spotted on to a Petri dish. After adding 5�l of a 2.5% glutaraldehyde solution to immobilize the
rotifers, they can be counted and the density can be calculated. 

B. Paramecia

Equipment and reagents

Method
1 Autoclave 1 litre of tap water in each 2-litre bottle and, separately, a supply of wheat grains.

2 After cooling, add about 20 wheat grains per bottle and shake.

3 Add 50ml of starter culture per bottle and grow for 10 days in the dark at 27–28�C (e.g. in a 
cabinet in the fish room). Do not screw the lid tight so that air can get in. Keep at least two 
cultures in parallel in case one of them crashes.

4 For 7 days, feed about 2ml of this culture to each mouse cage with zebrafish larvae, four times
a day. From the number of zebrafish you want to raise, calculate the amount of paramecia 
bottles you need.

5 After having used up half of the culture, add autoclaved tap water back to a volume of 1 litre.
After 2 months, also exchange the wheat grains. Continue the culture as in point 3.

Other paramecia protocols
Kimmel, C. (1994). The Zebrafish Science Monitor, 3(3). 
Kavumpurath, S. and Alestrøm, P. (1992). The Zebrafish Science Monitor, 2(1). 

Tetrahymena protocols
Speksnijder, J. E. and Bijmolt, E. (1995). The Zebrafish Science Monitor, 3(4). 
Gerson M. and Stainier D. (1995) The Zebrafish Science Monitor, 3(5).

• Paramecia starter culture (obtain from
another zebrafish lab or from Carolina
Biological Supply Co.)

• 2-litre laboratory glass bottles

• Wheat grains, 20 per bottle

Protocol 7 continued
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Fish at low densities grow faster, probably because for them food is not limiting. When try-
ing to shorten the generation time by raising fish at lower densities, it should be taken into
account, however, that densities influence the male to female ratios, low densities favouring
female development. Feeding all fish more intensely helps shorten the generation time. On
the other hand, it may result in severe problems with cleanliness and water quality, as the
capacity of the filtering system might become limiting.
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Protocol 8
Artemia nauplia

Equipment and reagents 

Method
1 For convenience, use commercially available Artemia hatcheries. Alternatively, hatcheries may

be constructed from inverted plastic bottles with cut-off bottoms, the neck of which is fitted
with an outlet. Bubble air through the salt water to ensure vigorous mixing. 

2 To 14 litres of tap water add 100ml sea salt and aerate vigorously. Add 65ml of shrimp eggs and
use a small submerged heater to keep the temperature at 28 �C (necessary only when room tem-
perature is below 20 �C). 

3 After 24 hours most of the Artemia should be hatched. When feeding zebrafish larvae, do not
incubate the Artemia for much over 30 hours (up to 2 days for feeding adults), as they rapidly lose
most of their nutritional value. Add nettle powder or dried algal powder to feed Artemia to be
kept longer. 

4 For harvesting, stop aeration to allow hatched Artemia to sink and shells to float. Do not let
Artemia sit for longer than 20min without aeration, as they will die. 

5 Use a filter cloth or a mesh filter bag to collect hatched Artemia. Avoid shells that float. If neces-
sary, shells can also be removed later with the aid of a suction pump. Wash briefly with fish
water and suspend Artemia in water. Unhatched Artemia cysts will rapidly sink to the bottom and
the live Artemia should be separated from them by decanting in a plastic laboratory squeeze 
bottle. 

6 Always feed the youngest fish larvae first. When feeding takes long, aeration of the collected
Artemia or stirring with a magnetic stirrer keeps them alive for longer periods of time. 

7 Clean hatchery thoroughly after each use. Once a month, bleach the hatchery, heater, and air
bubbler for 12 hours with 1ml bleach per litre of tap water. Rinse several times with tap water.
If Artemia die immediately after hatching, it is usually caused by a dirty hatchery. If they do not
hatch in time, it may be too cold. If only a small proportion of the Artemia hatch even under
favourable conditions, change the supply company.

• Artemia hatcheries (e.g. from Aquaculture
Supply, USA or Marine Biotech Inc., USA) or
inverted plastic bottles with cut-off bottoms
(Figure 5)

• Air pump with bubble stone

• Submerged heater (optional) 

• Filter cloth or a mesh filter bag (120�m mesh
size, e.g. from Aquaculture Supply, USA)

• Sea salt (e.g. Instant Ocean or Forty Fathoms,
Aquaculture Supply, USA)

• Artemia cysts (available from pet stores or
from suppliers such as Aquaculture Supply,
USA)

• Household bleach
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6 Maintaining stocks
6.1 Maintaining wild-type stocks
A number of robust and healthy wild-type laboratory strains have been established, including
AB* (2), TU (Tübingen) (3), TL, HK (4), and WIK (5). In addition, two additional isogenic but less
robust lines, SJD (6) and C32 (1), are available. These strains can be obtained either from the
Tübingen stock centre (TU, TL, and WIK, or the stock centre of the University of Oregon (AB*,
C32, and SJD). A number of homozygous viable pigmentation mutants, such as golden or 
albino (7) are useful for observations in live fish as well as antibody and in situ stainings at
developmental stages when pigmentation may interfere with the visualization of the stain-
ing. 

When propagating wild-type stocks or homozygous viable mutants, care should be taken
not to inbreed too much. Although in theory inbred lines are very desirable for genetic experi-
ments, in practice they may be too much trouble, because of low vitality and fecundity, as
well as their susceptibility to diseases. Deriving the strain from many parents ensures a large
gene pool and counteracts the negative effects of inbreeding. To prevent the propagation of
spontaneous mutations in wild-type stocks, 50 embryos each from 10–15 individual pair mat-
ings should be sorted separately and inspected for abnormal embryos at 5 days of develop-
ment. Dishes containing mutant phenotypes should be discarded. All larvae from the remain-
ing dishes are combined and from this mixture the desired number of containers with 60
larvae each are raised (Protocol 6). 

6.2 Maintaining mutant stocks
For a short description of published zebrafish mutants see Appendix 3. A more detailed list in
searchable format is available through ZFIN (www.zfin.org). Many mutants identified in the
various mutagenesis screens can be obtained through the Tübingen or Eugene stock centres.
Most of the zebrafish mutants available are caused by recessive, zygotic lethal mutations.
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Figure 5 Artemia hatcheries. Hatcheries can be made of, for example, inverted plastic bottles or barrels with
cut-off bottoms (their size depending on the amount of Artemia being raised). Air is bubbled through the
water by a pipe connected to an air pump. At the bottom of the hatchery, a valve attached to a pipe allows
the partial or complete drainage of the tank.
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Lethality is apparent before the homozygous mutants reach the reproductive age and there-
fore the mutant strains must be propagated through adult, heterozygous mutant carriers.
Propagation of mutant stocks includes: (1) incrossing or preferably outcrossing of heterozygous
mutant carriers; (2) raising embryos to adulthood; and (3) identifying adult heterozygous mutant
carriers.

The fraction of mutant carriers is higher after an incross. Nevertheless, we generally pre-
fer to propagate mutant stocks by outcrossing since repeated incrossing often significantly
reduces growth and fertility due to inbreeding. For each mutant stock to be maintained, we
recommend outcrossing two heterozygous fish (see Protocol 3) and raising 60 progeny from
each cross separately (Protocol 6). If future mapping of the mutant locus or genotyping of indi-
vidual embryos is being considered, mutant stocks should be maintained in the same genetic
background in which the mutation was introduced. Mapping of the mutant locus and geno-
typing of individual embryos requires a mapping cross between the mutant strain and a poly-
morphic strain, such as WIK or SJD (for details on mapping and genotyping, see Chapter 7).

6.3 Identifying and maintaining adult heterozygous mutant carriers 
To identify carriers for a heterozygous, recessive mutation, eggs are collected from crosses
between sibling males and females obtained from an outcross. Because ½ of the fish in an out-
cross tank are heterozygous for the mutation, only ¼ of all successful crosses will produce
mutant progeny. As not all of the crosses will give eggs, we recommend setting up as many
crosses as possible from a family (see Protocol 3). 

Those fish which produced eggs are kept as pairs in 1-litre containers until their embryos
have been screened for the presence of the mutant phenotype. If this takes much longer than
a week, the boxes should be connected to the water system and the fish should be fed. After
having screened the embryos, the pair(s) which produced embryos with the expected mutant
phenotype are kept as identified fish (ID fish), e.g. in 1-litre single boxes or in 2-litre mouse
cages with two separate compartments, and are re-connected to the water supply and fed.
Those pairs which did not produce mutant embryos are returned to the stock tank. As long as
the heterozygous carriers are kept as separated male and female individuals, they can be suc-
cessfully mated once every week, although mating the fish once every 2 weeks generally
results in higher numbers of eggs. 

Genotyping tail fin tissue clipped from individual adults, or genotyping embryos with
appropriate green fluorescent protein (GFP) inserts linked to the mutant locus before raising
them (10), might become a more feasible alternative to sibling crosses as more mutant loci
are mapped or cloned.
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Protocol 9
Preparation of fin-clip DNA for PCR screening

Equipment and reagents
• DNA extraction buffer: 10mM Tris pH 8.2, 

10mM EDTA, 200mM NaCl, 0.5% SDS, and
200�g/ml proteinase K

• 0.16% Tricaine® in H2O stock solution
(Tricaine®; 3-aminobenzoic acid ethyl ester,
Cat. No. A 5040, Sigma)

• Microcentrifuge

• Clean razor blades/scalpels
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Identified fish can be maintained for years with little feeding, although fertility will
decline. Generally they are kept until carriers from the next generation are identified and no
longer than 2 years. 

6.4 Maintaining mutant stocks as frozen sperm
Mutant strains can be kept as sperm samples frozen in liquid nitrogen. This form of stock
keeping reduces the space required, the work load, and the costs when compared with the
maintenance of live stocks. In addition, frozen sperm samples are an excellent ‘backup’ of
stocks kept as live fish in the facility. To derive frozen sperm samples from mutant stocks,
heterozygous males are squeezed to obtain sperm. Alternatively, the testes can be dissected
out of adult males. The sperm is gradually cooled and stored in liquid nitrogen.
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Method
1 Anaesthetize F1 fish by placing them into 0.16% Tricaine® stock solution diluted appropriately

in fish water. The amount of Tricaine® to use varies with water volume and number of fish, but
should be used sparingly so as not to kill the fish.

2 Cut off ½ to ⅔ of the caudal fin using a sterile razor blade/scalpel and place the fin clip into a 
separate Eppendorf tube containing 100�l of DNA extraction buffer. Return fish into separate
mouse cages.

3 Vortex tubes thoroughly and incubate at 55 �C for 2–3 hours. Vortex tubes periodically to ensure
thorough mixing. After incubation, centrifuge at 14000rpm for 20min at room temperature to
spin down debris. Dilute 100nl to 1�l for PCR screening (see Protocol 6). If desired, multiple DNA
samples can be pooled to minimize the number of PCR reactions.

Protocol 9 continued

Protocol 10
Freezing zebrafish sperm for long-term storage

A. Isolating sperm from live zebrafish

Equipment and reagents 
• Styrofoam box with lid, filled with dry ice

• Dewar with liquid nitrogen

• 10µl pipette and tips

• 50ml Falcon tubes

• Eppendorf tubes

• 1.8ml cryovials

• Flat forceps (Millipore)

• 10µl capillaries (should fit 1.8ml cryovial)

• 0.02% Tricaine® in fish water

• Ice bucket, filled with dry ice

• Round sponges, approximately 2.5cm in
diameter, 3cm high; make a cut (approximately
1cm deep) on one of the flat sides 

• Ginzburg Ringer: 6.5g NaCl, 0.25g KCl, 0.3g
CaCl2, 0.2g NaHCO3 per 1 litre double-
distilled water (ddH2O); can be stored in
frozen aliquots at �20 �C, place on ice when
thawed

• Freezing medium: 9.0ml Ginzburg Ringer, 
1.0ml methanol, 1.5g Carnation non-fat milk
powder. Vortex for 10–15min (it is very
important that all milk powder is dissolved in
the Ringers, no precipitates). Place on ice,
foam should be removed from the top, so
that it does not get mixed with the sperm
sample.
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Method
1 Pre-chill 1.5ml Eppendorf tubes in ice bucket. Pipette 10�l of ice-cold freezing medium to each

tube, keep on ice. Label 1.8ml cryovials with date and genotype of sperm (no tape, only pen).
Record the volumes, dates, times, genotype, freezing medium, etc.

2 Anaesthetize adult male in 0.02% Tricaine®. Rinse fish briefly after Tricaine® treatment and dry
briefly on paper towel. Place the fish belly up in the cut, slightly moist sponge and position it
under a dissecting microscope. Using flat forceps, push the anal fins to the side to expose the
anus. Blot excess water from the anal fin area. 

3 Using the forceps gently squeeze the sides of the fish at a point just anterior to the anal fins, col-
lecting the sperm with the capillary tube, attached to a mouth pipette (like the one used for
loading sequencing gels). Collect sperm in the capillary at the calibrated end, volumes may
range from 0.5�l to 2.0�l for each fish. Although 2–3 fish can be used to reach a higher volume,
the faster the sample is processed into the dry ice, the better. Sperm should be cloudy and white,
clear samples are too dilute. Use the mouth pipette to add the sperm (0.5�l to a maximum of 
2�l) to a pre-cooled 10�l aliquot of freezing medium (avoid bubbles). Mix by pipetting up and
down 1–2 times, then draw all freezing medium with sperm into capillary.

4 Transfer capillary into an appropriately labelled 1.8ml cryovial, and place the cryovial in a 50ml
Falcon tube. The cryovials and Falcon tubes must be pre-labelled and pre-chilled on dry ice. Put
the male into a container with fresh water to revive.

5 Submerge Falcon tube for 30min horizontally in dry ice (in a styrofoam box). Then quickly trans-
fer the cryovial from the Falcon tube into liquid nitrogen. After all males are squeezed, transfer
the cryovials into a liquid nitrogen storage box (e.g. from Nalgene), record the position within
the box (number), the level of box within the rack (bottom is one), and rack number, e.g. B24-L2-
R3. We typically freeze at least three vials of sperm for each mutant.

For a protocol describing the collection of sperm for in vitro fertilization, see Protocols 6 and 7 in
Chapter 6.

B. Isolating sperm from dissected testes
The method described below needs experience before it can be employed successfully. Therefore it
should be practised with dispensable fish until a fertilization rate of at least 10% per in vitro fertiliza-
tion (IVF) is obtained routinely. Under optimal conditions, 5min are needed per testis preparation
and 2min per IVF to the step where 750�l of fish water is added (see below). If well trained, a fertil-
ization rate of 10–50% per IVF can be obtained. 

Equipment
• Polystyrene box (at least 30 � 40 � 30cm) for

dry ice

• Ice bucket

• Transport bucket holding 1–3 litres of liquid
nitrogen

• 50ml Falcon tubes

• 2 ml cryovials with screw caps

• 10�l capillaries 3cm long (Brand or
Hirschmann)

• Sterile 1.5ml Eppendorf tubes

• 5cm Petri dishes

• Scalpel

• 10�l, 200�l and 1ml micropipettes

• Crystal tips (Eppendorf): 200�l tips and 
1000�l tips

• Mouthpiece and capillary adaptor for a hose
to fill the capillaries

• Two pointed pairs of forceps and one blunt
pair of forceps

• Small microscopy scissors

Protocol 10 continued
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Please note that all equipment and material used to isolate sperm has to be dry as water activates
the sperm!

Reagents

Method
1 Prepare the freezing medium.

2 Fill the polystyrene box (at least 10cm high) with crushed dry ice and place six Falcon tubes up
to the screw cap into the dry ice. Do not take these tubes out of the ice during the experiment.

3 Label the cryovials and cool them in the ice bucket on water ice.

4 Label the Eppendorf tubes, fill 20ml of ice-cold freezing medium into the tubes and keep them
on ice.

5 Anaesthetize a male fish in the Tricaine® solution until the gills stop moving.

6 Take the fish out of the solution and dry it very carefully with a paper tissue.

7 Put the fish into a Petri dish and decapitate it with a scalpel.

8 Using the scalpel, dissect the male. First, make a cut transversely at a level immediately posterior
to the pectoral fins. Subsequently cut longitudinally along the ventral side from the plane of the
first section to the anal region.

9 Open up the body cavity and grip the testis with the pointed forceps below the swim bladder.
Pull the testis out.

10 Transfer the testis into the corresponding Eppendorf tube. Release the sperm by gently stirring
and pipetting the testis with the help of a crystal tip (cut off 3mm from the tip before usage).

11 Take the sperm solution up into capillaries: 2 � 10�l or 4 � 5�l.

12 Transfer the capillaries into the corresponding cryovials (on ice). Be careful when tightening the
screw cap: first gently put the screw cap on to the vials, turn them upside down so that the 
capillaries fall into the screw cap and then tighten the cap.

13 Transfer the cryovials into the Falcon tubes, which are buried in dry ice. Do not take the Falcon
tubes out of the dry ice. Freeze the vials for 30min on dry ice.

14 Transfer the cryovials into liquid nitrogen storage (transport bucket).

15 Sort the cryovials into a nitrogen container.

• Tricaine® solution: 0.4% Tricaine® (3-
aminobenzoic acid ethyl ester, Cat. No. A
5040, Sigma) � 1% Na2HPO4.2H2O, pH 7.2).
Use 6ml Tricaine® solution added to 100ml
fish water.

• Ginzburg Ringer solution (GRS): 6.5g NaCl,
0.25g KCl, 0.4g CaCl2.2H2O in 1 litre ddH2O
add 0.2g NaHCO3. Store in 4.5ml aliquots at
�20 �C.

• Freezing medium: 4.5ml Ginzburg Ringer
solution � 750mg fat-free milk powder 
(Carnation milk, Nestle) � 0.75ml methanol.
The milk powder has to be completely
dissolved in the GRS by vortexing the
solution for 15min. Then add the methanol.
Prepare fresh on the day of the sperm
isolation. Keep cold on ice.

• 30cm pair of forceps to place cryovials into
liquid nitrogen

• Vortex apparatus

• Binocular microscope

• Timer

Protocol 10 continued
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To recover a live stock from frozen sperm, females are squeezed to obtain eggs, which are
fertilized in vitro with the thawed sperm (Protocol 11, see also Chapter 6). For this procedure, it
is advisable to use females from strains that have been selected for large clutch sizes and
‘easy-to-squeeze’ females, e.g. AB, or golden Tübingen. The in vitro fertilization rate can be as
high as 80%.
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Please note that a patent application covering this method has been filed by Artemis Pharmaceuticals
GmbH. If you want to use this method for commercial purposes, please contact Artemis
(http://www.artemis-pharmaceuticals.de). The use of this method for non-commercial purposes is not
restricted.

An alternative method for freezing sperm obtained from adult testes has recently been described
(11). Although this method provides a much greater volume of sperm (about 100�l per fish) and
would therefore be the method of choice, it does not yet give consistently high fertilization rates.
However, due to the great promise this method holds, the interested reader is referred to discussions
in the zebrafish newsgroup (see ZFIN).

Protocol 10 continued

Protocol 11
In vitro fertilization using frozen sperm
For a protocol describing the stripping of eggs from females and the use of non-frozen sperm for in
vitro fertilization, see Protocols 8 and 10 in Chapter 6, respectively.

Equipment and reagents

Method
1 Anaesthetize females in 0.02% Tricaine®. Rinse fish briefly after Tricaine® treatment and dry

briefly on a paper towel.

2 Place the female on her side into a 5cm Petri dish and place one finger of one hand on the dor-
sal side of the female. Using one finger of the other hand press out the eggs by gently pressing
on to the ventral side of the fish, starting just behind the pectoral fins and moving towards 

• Set up six AB* females and one male in a 
2-litre container (e.g. mouse cage with lid) the
night before the in vitro fertilization. Remove
the male the next morning as soon as the
lights are turned on (the AB* strain has been
selected over many generations for large
clutch size, ‘easy-to-squeeze’ females) 

• Ice bucket

• Sperm vials in liquid nitrogen

• Capillary pipettor

• 5cm Petri dish

• 200�l and 1000�l pipettor with tips

• Timer

• Fine paintbrush

• 0.02% Tricaine® in fish water

• Dissecting microscope

• Fructose-egg water: 0.5% fructose in egg water
at 28 �C

• Hank’s (final): 9.9ml Hank’s premix, 0.1ml
Stock 6.

• Hank’s premix. Combine the following in
order: 10.0ml Solution 1, 1.0ml Solution 2,
1.0ml Solution 4, 86.0ml ddH2O, 1.0ml
Solution 5. Solution 1: 8.0g NaCl, 0.4g KCl in
100ml ddH2O. Solution 2: 0.358g Na2HPO4
anhydrous, 0.60g K2H2PO4 in 100ml ddH2O.
Solution 4: 0.72g CaCl2 in 50ml ddH2O.
Solution 5: 1.23g MgSO4.7H2O in 50ml
ddH2O. Solution 6: 0.35g NaHCO3, 10.0ml
ddH2O. Store Hank’s premix in the
refrigerator along with the Hank’s solutions
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7 Fish health
7.1 Fish diseases 
Zebrafish are generally very hardy fish. Nevertheless, a number of diseases that can severely
affect the entire fish colony are known, most commonly velvet disease, fish tuberculosis 
or TB (mycobacteriosis), and nematode infection (intestinal capillariasis). There are clear symp-
toms for each of these diseases, and for velvet and capillariasis efficient treatments are available. 

The best strategy to maintain a healthy colony is to avoid introducing fish from the out-
side without rigid quarantine procedures, and to discard any sick fish as quickly as possible.
All fish parasites and infectious agents survive well only if sufficiently moist, therefore infec-
tions via the air or thoroughly dried materials is unlikely. Fish tuberculosis is a disease that
exists in the background in many systems. It affects stressed or injured fish most frequently.
Genetically inbred fish are also more susceptible to the disease. TB is probably transferred via
contacts with nets, tank walls, sibling fish, and other items. Fish die slowly from this disease,
therefore to prevent spreading, it is important to spot them early and remove them. Spread-
ing of the disease to ‘downstream’ tanks in the serial system has sometimes been observed.
However, as the recirculated water runs through UV lamps, there is less chance of the disease
spreading to other containers within the same filter system. It is probable that infection and
spread of the disease takes place during handling. We take routine measures to reduce
spreading the disease between rooms or systems. The properties of the system that are 
relevant for health in the colony have already been mentioned, and include UV lamps, sand 
filters, and general construction features that allow cleaning and sterilization of the tanks.
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the tail. Only gentle pressure is needed—if the fish has eggs they will come out easily. If gentle
pressure fails to produce eggs, do not continue to squeeze harder. Extra squeezing may injure
the fish.

3 Carefully move the eggs away from the body of the female with the fine paintbrush. Cover the
dish with its lid and inspect the eggs using a dissecting scope: good eggs look slightly yellowish
with a granular appearance. Only use large clutches (approx. 200 eggs) of good-looking eggs with
your precious sperm samples. Put the female into a recovery container to revive. Work quickly.

4 Place 70�l (for every sperm sample) of ice-cold Hank’s (final) next to the eggs. Remove sperm
capillary from liquid nitrogen, attach capillary to capillary pipettor (e.g. mouth pipette) and
carefully expel the sperm into the 70�l of Hank’s (avoid bubbles). 

5 Mix the sperm in Hank’s carefully with the eggs and let sit for 30 seconds. Add 750�l of fructose-
egg water and let sit for 2 minutes. Add more fructose water to bring the level up to half the 
volume of the dish. Record the volume of sperm and genotype on the lid and incubate the dish
at 28 �C. 

Protocol 11 continued

Protocol 12
Treatment of capillariasis

Reagents 
• Fluke tabs (active components: mebendazole

and trichlorfon)
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7.2 Fish handling in systems with latent TB
Keep the system as clean as possible. Handle fish very gently, avoiding injuries of the skin.
Keep track of the age of the fish in each aquarium and avoid keeping fish that are older than
2 years. Check tanks daily. Remove dead fish and fish that display symptoms of disease or just
generally look unhealthy, and keep records of the tanks in which sick fish were observed.
Common symptoms of a TB infection are raised scales, open lesions, and wound spots. Try to
discard the entire tank as soon as possible.

In order to avoid contaminating other fish, disinfect fish nets between handling different
fish by keeping them in boiling water. Autoclave containers in which larvae are to be raised
and wash mating boxes with hot tap water and soap in a dishwasher each time after having
set up fish. Since many of the available mating containers do not withstand the high tem-
peratures during autoclaving, they should be sterilized on a regular basis in a Clidox® bath
(Pharmacal Research Labs, Naugatuck, USA). Clidox® is a chlorine dioxide-based, high-level
disinfectant, which kills vegetative bacteria, including Mycobacterium bovis, Pseudomonas aerugi-
nosa, Staphylococcus aureus, and Salmonella choleraesuis, and pathogenic fungi and viruses (see 
Protocol 13). Disinfect fish tanks before refilling them (see Protocol 2). To avoid the transfer of
spills from one room to another, people should walk through troughs containing disinfectant
when entering a fish room. If more than one water system is available, it might be advisable
to remove all fish from one system and thoroughly clean and disinfect it from time to time.
Also, embryos should be bleached before growing them up, in order to avoid a vertical trans-
mission of the disease.
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Method 
Symptoms of nematode infections are a skinny, arched body or a failure to come upon feeding. Fish
will stop eating and not mate any more. Individual fish may be cured with fluke tablets dissolved in
water according to the manufacturer’s instructions, by treating them twice for 2 days each, inter-
rupted by a period of 7 days. If the infection is spread widely, it is possible to add the medicine to an
entire system. Fluke tablets will kill snails, which must therefore be removed. They do not harm the
bacteria that colonize the filters.

Protocol 12 continued

Protocol 13
Decontamination of mating containers and small systems using
Clidox®

Equipment and reagents

Method
1 Use a brush to remove the worst dirt from containers or tanks. 

• Base MSDS (Pharmacal Research Labs,
Naugatuck, USA) 

• Activator MSDS (Pharmacal Research Labs,
Naugatuck, USA)

• Protective plastic or rubber gloves

• Goggles for eye protection

• Tap water

• Large container (for disinfecting smaller
containers)

• Large net to submerge mating containers in
Clidox® bath 
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7.3 Quarantine 
When obtaining stocks from stock centres or other laboratories, they usually come as larvae
from eggs that were bleached. Nevertheless, as a routine, these fish should be grown in
quarantine to adulthood. The next generation can be raised from bleached eggs in the normal
facility. Particular care has to be taken when introducing adult fish from pet shops or from
the wild. When acquiring fish from pet shops, it is advisable to check the general hygiene
condition in the shop as well as the health and vitality of its fish. When in doubt, go to another
shop. Pet shop fish are frequently infected with exoparasitic diseases such as Ichthyophthirius.
There is an efficient treatment that should be routinely applied to pet shop fish while kept in
quarantine. 

In quarantine, it is not advisable to use filters. Instead, the water should be frequently
exchanged with fresh system water. A convenient system is to place individual containers
with overflows in a rack equipped with inflows and rimmed shelves, such as that used for
raising baby fish. Once a day all the water is exchanged with fresh water. Particular care has
to be taken to avoid transfers of water between containers (e.g. while feeding with a squirt
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2 For disinfecting smaller containers, dilute Clidox® to disinfectant level in a large container: 
1 :18 :1 (one part base plus 18 parts water plus 1 part activator). Mix and let sit for 15 minutes
before using it. Add items to be disinfected and close the lid. In a closed container diluted 
Clidox® is stable for 14 days.

3 To disinfect systems, add the appropriate amounts of base and activator to the water to achieve
a 1 :18 :1 dilution. At 1 :18 :1 Clidox® kills vegetative bacteria, including Mycobacterium bovis,
Pseudomonas aeruginosa, Staphylococcus aureus, and Salmonella choleraesuis, and pathogenic fungi and
viruses in 5min at 20 �C when used on pre-cleaned surfaces. Cover tanks – the vapour pressure
of Clidox® is similar to that of water.

4 Leave containers for 1 hour in bath or leave in tanks for 1 hour.

5 Rinse several times with water.

For disinfections of a large system, SanAqua (That Fish Place) may be used.

Protocol 13 continued

Protocol 14
Preventive treatment of exoparasites (Ichtyo)

Reagents

Method
1 Prepare stock solution of 15 mg malachite green, 7.5 mg K2(Cu-EDTA), 40 mg hexamethyl-

pararosanilin chloride in 100ml water.

2 Add two drops of stock to 1 litre of water, aerate vigorously. Keep fish in solution for 3 days.
Change water. If fish are still infected, repeat treatment.

• Malachite green 

• K2(Cu-EDTA)

• Hexamethylpararosanilin chloride

• Stock available as Fauna special from Zoo
Fachring (Germany)
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bottle) and only disposable or sterilized items should be used in the quarantine unit. Obvi-
ously, no material should be exchanged between the quarantine room and the rest of the
facility. 

Generally, it is not advisable to cure fish from diseases, but rather to discard them quickly.
The Oregon stock centre has a fish pathology section to which diseased fish can be sent for
diagnosis and advice for further treatment.
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