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Construction of an Affordable Open-Design
Recirculating Zebrafish Housing System
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Recently, the zebrafish has gained in popularity as a vertebrate animal model for biomedical research. Commercial zebrafish
housing systems are available and are designed to maximize stocking density of fish for a given space, but these systems
are expensive and purchasing them may not be feasible for emerging laboratories with limited funding. In this article, we
describe the construction of a simple and affordable recirculating zebrafish housing system. This system can be constructed
in 3 working days, with materials readily available in hardware stores. The cost for construction of the system was only
3,000 MYR (750 USD). The system consists of a water reservoir, a supply line that delivers water to the shelves holding the
zebrafish tanks, and a drainage line that receives water from both the supply line and the shelves containing the fish tanks
and returns this water to the reservoir. This system also has a 3-stage filtration process to ensure that clean water is delivered
to the zebrafish tank. The system can house up to 360 zebrafish. This low-cost housing system may make research using

zebrafish feasible some laboratories.
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The zebrafish (Danio rerio) is rapidly becoming a popular
vertebrate model for research into pharmacogenetics, toxicol-
ogy, obesity, cardiovascular disease, hematology, neuroscience,
cancer, and developmental biology.53° The advantages of the
zebrafish over traditional rodent species include ease of mainte-
nance, optical transparency during development, rapid ex utero
development, a fully sequenced genome, and a high degree of
genetic homology with mammals.®?1® Due to these advantages,
the use of zebrafish as an experimental animal model has gained
tremendous popularity among researchers. Our review of the
number of publications on zebrafish in PubMed revealed 249
publications in 2000 which increase to 4,049 publications in 2010
and rose to 8,220 in 2018.

Zebrafish are tropical freshwater fish of the Cyprinidae fam-
ily and are naturally found in the rivers and ponds of Pakistan,
India, Bangladesh, Nepal, and Myanmar.!'?° The adult fish
measure approximately 4 to 5 cm long, have a cylindrical body,
and a distinct color pattern alternating light and dark horizontal
stripes.!”” Adult females may spawn every 2 to 3 d, with each
spawning producing hundreds of eggs.'” The zebrafish embryo
develops rapidly, with primary organs forming within the first
day postfertilization and will reach sexual maturity within 2
to 3 mo.”1”

Maintaining an appropriate environment for the zebrafish
becomes progressively more challenging as the scale of the
operation increases.!*> Commercial companies offer compact
zebrafish housing systems with UV disinfection and filtration
systems to reduce maintenance and “self-cleaning” tanks. The
purchase of a commercial stand-alone rack that can accommo-
date 15 x 10 L tanks (equivalent to housing 750 to 1,800 adult
fish) costs between 40,000 to 100,000 MYR (10,000 to 20,000
USD). This cost is a barrier to the use of zebrafish models,
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particularly for a new researcher who wishes to venture into
this area.

The most common zebrafish housing arrangements are re-
circulating systems. These systems minimize water usage by
recycling water and maintain water quality through a series of
filtration systems.!® In a recirculating system, water is kept in
areservoir before it is supplied to the individual tanks through
the supply line. Excess water flows into the drainage line and to
the water reservoir. The water goes through a filtration system
where wastes are removed before the water is returned to the
tanks.? We designed a recirculating zebrafish housing system
using readily available components and accessories. The con-
struction of an affordable zebrafish housing system as described
in this study is ideal for a laboratory that may lack the ability to
perform zebrafish studies without a low-cost housing option.

Materials and Methods

Materials. All materials used in the construction of this
zebrafish housing system are listed in Table 1. We purchased
materials from a hardware and an aquarium store. The arrange-
ment of various functional units, such as the water reservoir
and filtration unit, water supply line, and water drainage line,
are shown in Figures 1 and 2.

Physical condition. The room temperature was maintained
between 26 to 28.5 °C. The lights in the laboratory were switched
on from 0700 to 2100 daily and were regulated by an automatic
timer.

Zebrafish rack and tank with lid. The trapezoid-shaped ze-
brafish tanks were made from 5 mm thick transparent acrylic
sheets (Figure 3 A). The size of each tank was 23 x 13 cm (L x
W) (base), 28 x 13 cm (L x W) (top) with the height of 15 cm
and can hold 6 L water for housing zebrafish. The acrylic sheet
was cut using a plastic cutter and glued using marine-safe
acrylic glue. The outlet of the tank was constructed by drilling
a 20 mm hole on one side of the tank, to fita 1/2” PVC fitting
V-tank connector and a 1/2” PVC fitting equal elbow. This is
the overflow outlet pipe which will drain excess water from
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Table 1. List of important components required to build zebrafish housing system.

Components Remarks Quantity required
Rack To hold all components of the zebrafish housing system 1
PVC pipe 1/2” Use for shelf feeding line User define
1/2” PVC valve socket end 3
1/2” PVC fitting end cap 3
1/2” PVC fitting equal tee 12
1/2” water tap 12
PVC pipe 3/4” Use for water supply line User define
3/4” PVC valve socket end 1
3/4” PVC fitting equal elbow 3
3/4” PVC fitting equal tee 1
PVC fitting reducing tee 3/4” x 1/2” To connect water supply line and shelf feeding line 3

PVC pipe 11/2”

Use for water drainage line

User define

11/2” PVC elbow fitting 45° 1
11/2” PVC fitting end cap 3
11/2” PVC fitting equal tee 15
PVC fitting reducing socket 11/2” x 3/4” To connect water supply line and drainage line 1
Pipeline filter equipped with: 2
- fiber cartridge Use for particulate filtration

- activated carbon cartridge To absorb volatile organic contaminants

100 L polyethylene tank Use as water reservoir tank 1
Submergible water pump 1
Aquarium air pump To supply aeration to the water reservoir tank 1
11W UV sterilizer for aquarium Use for disinfection 1
Bio balls and ceramic rings Required for nitrification and denitrification process 1
Reusable cotton sponge Use for particulate filtration 1
Nylon net bag To hold bio balls in the water reservoir tank 1
5 mm acrylic sheet

PVC fitting V-tank connector 1/2” Draining outlet of zebrafish tank 12
1/2” PVC fitting equal elbow 12

the tank into the draining line located in front of the tanks. All
the tanks were covered individually with removable lids made
from 5 mm thick transparent acrylic sheets that measured 30 x
15 em (L x W) with 2 15 mm holes that were used for feeding
and water inlet (Figure 3 B).

The overall size of the rack was 184 cm x 36 cm x 94 cm (H x
D x W). The rack was made of galvanized steel with a maximum
load per shelf of 33 kg. The 3 upper shelves can hold a total of
12 zebrafish tanks. The lower shelf held the air pump, pipeline
filters and UV sterilizer.

Assembly of the water reservoir and filtration system. We
used a single 100 L polyethylene tank as the water reservoir.
Its dimensions are 53 x 35 cm (L. x W) (base), 73 x 50 cm (L x W)
(top), and a height of 38 cm. A submersible water pump was
installed in the tank (Figure 4). A total of 30 bio balls (1 for 4 L of
water) were placed in the water reservoir. Bio balls are spheres
consisting of tiny tubes that provide a large surface area on
which water-filtering microbes can grow. They are commonly
used in fish tank and fishpond filters to transform potentially
harmful ammonia into benign nitrates.

An air-stone connected to an air pump via silicone tubing
was placed in the water reservoir tank to continuously aerate
the water. In addition, a submersible aquarium water heating
rod was installed on the side of the reservoir to maintain the
water temperature at 28 +1 °C.

The trickle box filter system was assembled using 5 mm
acrylic sheets with marine-safe acrylic glue (Figure 5 A). Its
dimensions were 40 x 13 x 10 cm (LXW x H). Once assembled,

it was placed on the water reservoir to collect water from the
draining line and filter it to the water reservoir (Figure 5 B).
Bio rings were placed in each compartment of the box filter
for denitrification purposes. The bio rings were then covered
with cotton sponge filter in each compartment of the box filter.

Pipeline filters and UV sterilizers were assembled with PVC
pipes and fittings using PVC primer (Figure 6). It was then
attached to the bottom-most shelf of the zebrafish rack using
cable ties. The submerged water pump was connected to the
pipeline filter using a short flexible tubing.

Assembly of the water supply line. The vertically placed sup-
ply line provides water to the shelves that housed the zebrafish
tanks. This line connected to the UV sterilizer via a 3/4” PVC
fitting equal tee at the side of the rack. An on-off valve was
added vertically to the bottom of the equal tee to serve as a
draining line for maintenance flushing of the system. A 1/2”
PVC pipe was horizontally aligned from the water supply line
to provide water to each shelf that held zebrafish tanks, using a
PVC reducing tee (3/4” to 1/2”) (Figure 7). On-off valves were
also fitted to the 1/2” PVC pipe to allow for isolation of each
shelf. This allowed the utilization of different shelves to meet
the capacity needs of users. Water was supplied to the zebrafish
tanks via individual 1/2” water tap, which was connected to
the horizontally aligned 1/2” PVC pipe using 1/2” PVC fitting
equal tee. On the top shelf, a horizontal 3/4” PVC pipe was used
to connect the supply line to the draining line.

Assembly of the water drainage line. The drainage line used a
vertical 1.5” PVC pipe to receive water from the supply line at

513



Vol 59, No 5
Journal of the American Association for Laboratory Animal Science
September 2020

Water
drainage
line

Trickle box
filter system

UV sterilizer

SEX) l
SRS
R X

Bioballs

For maintenance
flushing

Figure 1. Front view of the zebrafish housing system. The water reser-
voir is located at the side of the shelf, the pump connects to the water
supply line. The supply line supplies water to the 3 upper shelves that
contain zebrafish tanks. Every shelf is supplied independently and
can be individually controlled (on or off) by means of a valve (V). Wa-
ter is supplied to individual tanks using water taps (T). The supply
line also has a valve at the bottom end for maintenance flushing of the
system, and at the upper end it continues into the drainage line. The
drainage line receives water from the supply line and from the shelves
containing fish tank and ends into the water reservoir tanks.

the top of the zebrafish rack and drain lines from the zebrafish
tanks of each shelf (Figure 8). Water from individual zebrafish
tanks was collected using a 1.5” PVC equal tee. At the end of
the draining line, water collected was expelled to the trickle box
filter system over a cotton sponge filter and bio rings and then
drained into the water reservoir.

Running the system. Once all components of the zebrafish
housing system were in place, a test run of the system was per-
formed for one week to check for leakage. Aged water (that is,
water left at room temperature for 48 h) was circulated through
the system. The water was changed every day throughout the
test run to eliminate any contaminants that may have been in
the pipes. After 1 wk, a total of 60 adult zebrafish purchased
from local aquarium were housed in 3 zebrafish tanks (20 fish
per tank, placed on different shelves) for a month. Dry pellet
feed (Adult zebrafish irradiated diet, Zeigler) was fed to the fish
twice daily. During this period, water parameters were meas-
ured daily (temperature and pH), weekly (nitrite and nitrate
levels), or monthly (ammonia and hardness levels).!? The pH
and temperature of the system water were measured using a
pH/temperature bench meter (Mi150, Milwaukee) while other
parameters measured using a colorimetric kit (API freshwater
test kits, Mars Fishcare).

Ethical approval. Ethical approval was obtained from the
Institutional Animal Ethics Committee prior to the study
(ANAT/PP/2018/SEONG LIN/28-NOV./963-NOV.-2018-
OCT.-2019).

Results
System functionality. After the construction of the system, we
performed a 1-wk test run with 12 zebrafish tanks on the rack to
ensure system functionality. Water flowed into all the tanks from

Fish tank

Water Water
drainage supply
line Fish tank line

Figure 2. Side view of the zebrafish housing system. From the supply
line, pipes supplying water to individual shelves containing zebrafish
tanks, and can be individually controlled (on or off) by a tap (T). Ex-
cess water from the fish tank will then drain into the drainage line via
an outlet. Water collected will then drain into the water reservoir.

the water supply line and drained through the overflow outlet
pipe into the draining line and back into the water reservoir. We
did not detect any leakage or low water pressure during the test
run. If leakage was detected, the modular nature of the system
would allow the affected pipe to be removed and the system
reassembled using the methodology described.

Water quality. To further test the functionality of the system, 60
fish were housed in the system in 3 separate tanks for 1 month.
All water parameters remained constant and were within the
tolerated range throughout the housing period (Table 2). About
half of the water in the water reservoir (=40 L) was drained every
week and replaced with aged tap water.

Zebrafish health. Fish was monitored daily for any change
in appearance (loss of pigmentation, skeletal deformities, pres-
ence of lesions or distinct weight loss) and behavior (lethargy,
slow swimming or swimming near the bottom of the tank).
A total of 5 fish died during the first week. Dead fish were
removed upon detection. The remaining fish were in healthy
condition.

Regular maintenance of system. No visible signs of algae
build-up in the zebrafish tanks were observed for 2 wk. How-
ever, a significant build-up of algae was detected in the tanks
and the water reservoir during the fourth week. The tanks
were cleaned by scrubbing under running water. Since the
zebrafish tanks were not designed to self-clean, solid wastes
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Figure 3. Zebrafish tank with lid. (A) Each zebrafish tank is made of 5 mm
transparent acrylic sheet, gluing with marine-safe acrylic glue. Each can
hold 6 L water, making each tank could house a total of 30 zebrafish (5
fish/L). The outlet of the tank is constructed by drilling a hole on one side
of the tank, and fix with a PVC fitting V-tank connector and an equal elbow.
Ameshisinstalled onto the outlet, preventing fish from reaching the drain-
age line. (B) Each tank received continuous flow of water from the supply
line. Excess water will then flow into the drainage line through the outlet.
(C) The tank lid contains 2 openings used for feeding and as water inlet.

Open-design zebrafish housing system

A Holder for F

Figure 4. Water reservoir and its components. A 100 L polyethylene
tank was used as the water reservoir. Submergible water pump (P),
aeration tube (A), bio balls (B) and holder for trickle box filter system
(F) are installed as components of the water reservoir tank.

A From drainage line

To water reservoir

Figure 5. Trickle box filter system. (A) Assembled using 5 mm trans-
parent acrylic sheet, the trickle box is placed on the water reservoir
to collect water from the draining line and filter it before returning
the water to the water reservoir. Each compartment contains ceramic
rings and cotton sponge filter. Arrows shows the flow of water. (B) The
trickle box filter system is placed on the water reservoir by sitting on a
holder made with PVC fittings.

(excess food debris and feces) tended to accumulate on the
bottoms of the tanks. These solid wastes were siphoned out
twice every week. Other maintenance of the system was
summarized in Table 3.
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Figure 6. Filtration system and air pump of the zebrafish housing sys-
tem. (A, B) The submergible water pump located in the water reser-
voir (WR) is connected to the 2 pipeline filters (PF) and the UV steri-
lizer (UV). An equal tee (T) is added next to the UV lamp and a valve
(V) is added to the bottom of the equal tee to serve as a drain for main-
tenance flushing of the system. Air pump (O,P) provides continuous
aeration in the water reservoir.

il i i

0 [
A

Figure 7. Supply line of the zebrafish housing system. The supply
line supplies water to the 3 upper shelves which will house zebrafish
tanks. Every shelf is supplied independently and can be individually
controlled by means of a valve (V). Water inlet to individual tank is
controlled using water tap (T).

Discussion
The zebrafish housing system constructed in this study is
a recirculating aquaculture apparatus consisting of a water
reservoir, water supply and drainage lines and equipped with
a 3 stage filtration system. This system is designed to resem-
ble most commercially available zebrafish housing systems.

Supply to individual tanks

Drainage
line

=

ERBEE

From water
Teservoir

i

Figure 8. Draining line of the zebrafish housing system. The draining
line uses a vertical PVC pipe to receive water from the supply line at
the top of the zebrafish rack and drain lines from the zebrafish tanks of
each shelf. It ends by draining water into the trickle box filter system
of the water reservoir tanks.

To maintain water temperature, the constructed housing
system was placed in a laboratory in which the room tempera-
ture was maintained between 26 to 28.5 °C.2 Furthermore, the
system water was maintained at 28 + 1 °C by using a submers-
ible aquarium water heating rod. However, water temperatures
between 22 to 31 °C are acceptable for successful zebrafish
housing.!® The lighting in the laboratory was maintained at a
14:10 hr (light:dark) cycle.

Zebrafish health is dependent on the water quality. The
system we constructed contains a 3-stage filtration process to
provide clean recirculated water to the zebrafish. Water from
the draining line will first flow into the first stage filtration
process, consisting of a series of cotton sponge filters located
in each compartment of the trickle box filter system to remove
large particles. Water is then pumped from the water reservoir
tank into 2 pipeline filters; a mechanical filter equipped with
a 5-micron fiber cartridge to remove smaller particles, and an
activated chemical carbon filter cartridge to adsorb volatile
organic contaminants. Lastly, the water passed through a UV
sterilizer to eliminate pathogens from the filtered water before
reaching the supply line. These filters were checked and changed
regularly to ensure their proper function.? To further maintain
the water quality, about half of the water in the water reservoir
(=40 L) was replaced every week with tap water, aged 48 h in
an open tank to release chlorine.!

Maintaining a low concentration of ammonia metabolites by
using biologic filters is particularly important in a recirculating
system. Bio balls and ceramic rings were both used in the current
setup. They are important because they provide a substrate with
a large surface area for the growth of nitrifying bacteria.!” The
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Table 2. Water parameters measured and survival rate in the zebrafish housing system.

Constructed system housing 60

Water parameters Testing frequency* Tolerated range* adult zebrafish
pH Daily Stable, within 6.5-8.0 7.58 +0.03
Temperature Daily Stable, within 24-29 °C 28.14+0.10
Ammonia (NH,/ NH,*) Weekly <0.1mg/L 0mg/L
Nitrite (NO,’) Weekly <03 mg/L <0.25mg/L
Nitrate (NO,) Weekly <25mg/L, up to 200 mg/L <20mg/L
General hardness Monthly °dGH 3-8 °dGH 5
Carbonate hardness Monthly — °dKH 3

Survival rate

91.67% (5 fish died during the first
week of acclimatization)

* Testing frequency and tolerated range are based on recommendation from Alestrom and colleagues, (2019) and Lawrence and Mason (2012)1

Table 3. Regular maintenance of the zebrafish housing system.

Maintenance

Frequency

Check water pump in the water reservoir

Check air pump

Wash/replace cotton sponge filter in the trickle box filter system
Replace pipeline filter fiber cartridge

Every week
Every week
Every 3d
Every week

Replace pipeline filter activated carbon cartridge Every 2 wk

Replace UV sterilizer lamp Every 9 mo

Table 4. Comparison of zebrafish housing system built.

Author Cost in MYR (USD) Fish housing capacity
Kim and colleagues 2009 =~ 4,000 (1,000) =~ 800

Paige and colleagues 2014 = 6,000 (1,500) =~ 300

Nema and Bhargava 2017 =~ 2,800 (700) =300

Current setup = 3,000 (750) =360
Commercially available unit 1 (3 shelves stand-alone system) =~ 41,000 (10,000) =750
Commercially available unit 2 (3 shelves stand-alone system) =~ 81,000 (20,000) =~ 1800

use of continuous aeration in the water reservoir was neces-
sary to ensure sufficient dissolved oxygen concentration in the
water. The constant flow of this recycled water into individual
zebrafish tanks provided enough oxygen; thus, aeration of
individual tanks was not required.*

The constructed system can hold a total of 12 tanks. With the
housing density of 5 zebrafish/L, the constructed system can
hold up to 360 fish. We recommend housing adult zebrafish in
tanks at a stocking density of 4 to 10 zebrafish/L to allow the
animals to express their normal behavior and to avoid stress to
the fish.11® However, a previous study suggested that housing
density as high as 12 zebrafish /L does not cause sufficient stress
to affect reproductive performance.*

The cost and housing capacity of open-design and com-
mercially available zebrafish housing system is summarized
in Table 4. The cost for the described setup was approximately
3,000 MYR (750 USD) and only 3 d were required to complete
the whole system. The cost might vary depending on various
factors such as the scale of the zebrafish laboratory setup,
quality of materials used and labor cost. The construction
and maintenance of zebrafish housing system in this setup
is simple, and thus ideal for any small laboratory. Further-
more, we conserved water, which helps to lower the cost of
maintenance.

The current setup still has room for improvement. Self-
cleaning units could be installed to the zebrafish tanks to reduce
the effort of regular maintenance. This could easily be done by
modifying the pipe setup at the outlet of the tanks.!? The lights in
the laboratory can also be set to gradually decrease and increase
in light intensity, mimicking dusk and sunrise.!

In the future, a comparison of the performance of commer-
cially available zebrafish housing system with our current setup
would further validate our results. Also, continued monitoring
of the health of fish housed in this system, including post-
mortem evaluation, might reveal possible long-term harmful
effects of the materials used to construct the system.

Conclusion
Constructing an open-design zebrafish housing system is
easy because most materials are available in hardware and pet
supply stores at a reasonable price. This system can be used to
promote the use of zebrafish as a complementary or alternative
animal model to the traditionally used rodent model.
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