US 20130206077A1

a2y Patent Application Publication o) Pub. No.: US 2013/0206077 A1

a9 United States

Castranova

43) Pub. Date: Aug. 15, 2013

(54) APPARATUS AND METHOD FOR RESEARCH
AND TESTING OF SMALL AQUATIC
SPECIES

(71) Applicant: R&D Aquatics, LL.C, (US)

(72) Inventor: Daniel Anthony Castranova, Columbia,

MD (US)

(73) Assignee: R&D Aquatics, LL.C, Columbia, MD
(US)

(21) Appl. No.: 13/765,763

(22) TFiled:  Feb. 13,2013

Related U.S. Application Data

(60) Provisional application No. 61/597,901, filed on Feb.
13, 2012, provisional application No. 61/739,050,
filed on Dec. 19, 2012.

400

\ 409

Publication Classification

(51) Int.CL
AOIK 1/03 (2006.01)
AOIK 67/00 (2006.01)
AOIK 63/04 (2006.01)
(52) US.CL

CPC . A0IK 1/03 (2013.01); A01K 63/04 (2013.01);
A0IK 67/00 (2013.01)
USPC .. 119/217; 119/248; 119/417

(57) ABSTRACT

An apparatus for testing and researching aquatic species is
provided. The apparatus includes a housing rack for housing
a tank. The apparatus further includes one or more dividers
for dividing the at least one tank into one or more compart-
ments. The apparatus further includes a collection channel
and a downspout in each compartment for draining of water
from each compartment. The apparatus further includes one
or more lids for covering the one or more compartments.
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FIG. 5
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FIG. 16
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APPARATUS AND METHOD FOR RESEARCH
AND TESTING OF SMALL AQUATIC
SPECIES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application Ser. No. 61/597,901 filed Feb. 13, 2012,
entitled “APPARATUS, SYSTEM, AND METHOD FOR
RESEARCH AND TESTING OF SMALL AQUATIC SPE-
CIES” and U.S. Provisional Application Ser. No. 61/739,050
filed Dec. 19, 2012, entitled “APPARATUS, SYSTEM, AND
METHOD FOR RESEARCH AND TESTING OF SMALL
AQUATIC SPECIES” both of which are incorporated herein
by reference in their entirety.

BACKGROUND
[0002] 1. Field of the Invention
[0003] Embodiments of the present invention provide an

apparatus and a method for research and testing of small
aquatic species, and particularly to an apparatus and method
for various screening procedures of Danio rerio, commonly
known as zebrafish.

[0004] 2. Description of Related Art

[0005] Animals are used extensively in genetic research.
Among other purposes and benefits, such genetic research
helps scientists locate and understand the causes of various
diseases and behaviors that manifest in humans. Many ani-
mals have enough genetic similarities to humans to make
them good analogs for genetic testing, as they are easy to
breed and there are lesser ethical considerations than per-
forming genetic testing on humans. One such animal is the
Danio rerio, commonly known as the zebrafish, which is a
vertebrate like humans. Because of this similarity, it is likely
that zebrafish have similar biological traits, including genes,
developmental processes, anatomy, physiology, and behav-
iors.

[0006] Various screening processes are performed on
zebrafish, such as genotyping and embryonic screening for
mutant phenotypes. Currently, when DNA or embryos are
being screened, the zebrafish are housed in individual tanks
that range in size from about 0.8 liters to 2 liters. Such tanks
are much larger than necessary. One liter can hold approxi-
mately 5-15 individual zebrafish. However, during the
screening process, this volume of water is used to house either
individuals or pairs of zebrafish only, which amounts to an
extremely inefficient use of water and space. These tanks are
commonly stored on housing racks. Because the size of each
tank is so large compared to the number of zebrafish being
housed in each tank, each rack is able to store only a relatively
minimal amount of zebrafish. Therefore, more racks are
required. This makes for a very inefficient testing set up, poor
use of lab space and time consuming efforts in connection
with transporting the zebrafish to and from the testing area.
[0007] Inaddition, due to this inefficient set up and storage
method, often, the zebrafish in these tanks are kept off system
where they are not adequately monitored. This may result in
the water developing into poor condition, thereby becoming
hazardous to the zebrafish. This may also result in unneces-
sary stress to the experimental animals.

[0008] Furthermore, microtiter plates are commonly used
to store or house the samples/specimens extracted from the
zebrafish during a screening process, particularly genotyping.
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A microtiter plate typically has 6, 24, 96, 384, or even 1536
sample wells arranged in a ‘2:3’ rectangular matrix. There-
fore, it is critical to the research that the tanks are properly
labeled so the samples/specimens extracted from the
zebrafish and stored in a specific well of a microtiter plate are
matched with the appropriate zebrafish from which it was
extracted. This requires an extremely painstaking and time-
consuming process in which researchers, many of whom are
Ph.D.’s, must use up valuable research time in order to prop-
erly label each individual tank.

[0009] Moreover, the embryonic screening process, which
is very commonly performed in laboratories, involves the
breeding of hundreds of pairs of zebrafish every week. After
the zebrafish breed and spawn, and the embryos are collected,
the spawning zebrafish are placed in holding tanks while the
embryos are screened for mutant phenotypes. If the embryos
show interesting phenotypes, the pair that produced those
embryos is retrieved and additional steps, including out-
crossing and more pair-wise crossing, are taken to isolate the
gene that was mutated.

[0010] In many cases, this process could take years to iso-
late the mutated gene. Due to the high volume of pairs of
zebrafish that are bred each week, an excessive amount of
water and storage space is required. Also, given the painstak-
ing nature and potential lengthiness of the process, it is criti-
cal that items are properly labeled and records properly kept.
Again, valuable research time is wasted labeling to try to
minimize the risk of errors.

[0011] Therefore, a need exists for a versatile apparatus,
system, and method for various types of testing of zebrafish in
an efficient and effective manner.

SUMMARY

[0012] Embodiments in accordance with the present inven-
tion provide an apparatus for testing and researching aquatic
species. The apparatus includes, but is not restricted to a
housing rack for housing at least one tank, one or more
dividers for dividing the at least one tank into one or more
compartments, a collection channel in each of the one or more
compartments for draining water from the one or more com-
partments, one or more lids for covering the one or more
compartments, at least one water supply source, one or more
rails at bottom surface of the tank for locking the tank onto a
tank-holding bar, at least one basket that is placed into at least
one compartment of the tank for allowing easier removal of
aquatic species from the tank, and a spawning insert that may
be placed into at least one tank for facilitating spawning
process of the aquatic species.

[0013] Embodiments in accordance with the present inven-
tion further provide a system for testing and researching
aquatic species. The system includes, but is not restricted to,
at least one tank comprising compartments and sub-compart-
ments formed by one or more dividers, a housing rack for
accommodating the at least one tank, a collection channel and
a downspout for each compartment for draining of water from
each compartment, and one or more lids to cover each com-
partment, wherein the housing rack further comprises mul-
tiple shelves, drawers on shelves for resting at least one tank,
drainage troughs on the shelves into which water from the
downspout drain, a water collection tank into which water
from the drainage troughs drain, and a pump for pumping the
water from the water collection tank to water supply sources.
[0014] Embodiments in accordance with the present inven-
tion further provide a method for testing and researching
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small aquatic species, particularly zebrafish. The method
comprises: providing a housing rack, providing at least one
tank on a shelf of the housing rack, placing dividers into the at
least one tank to create one or more compartments in the at
least one tank, filing the at least one tank with water, and
performing testing on the aquatic species.

[0015] Further, the present invention can provide a number
of'advantages depending on its particular configuration. First,
embodiments of the present invention provide an apparatus
and a method for housing small aquatic species for research
purposes. Embodiments of the present invention provide a
very efficient research setup by minimizing efforts and time
consumption required for transportation of aquatic species
from research lab. Embodiments of the present invention
make a very efficient use of lab space by minimizing appara-
tus requirements. Embodiments of the present invention
enable use of dividers to create compartments within a tank
that allows a tank to accommodate more number of aquatic
species. This saves a lot of space, resources, efforts, and
research time.

[0016] Furthermore, by using embodiments of the present
invention, the researchers will be able to save time by placing
the fish in the sub-compartment. Additionally, this reduces
the risk of erroneously mislabeling or mixing up of individual
tanks, thereby preserving the integrity of the test results.
Furthermore, valuable space in the research laboratory will be
saved by housing the fish in appropriately sized sub-compart-
ments rather than oversized tanks.

[0017] These and other advantages will be apparent from
the disclosure of the present invention contained herein.
[0018] The phrases “atleast one”, “one or more”, and “and/
or” are open-ended expressions that are both conjunctive and
disjunctive in operation. For example, each of the expressions
“at least one of A, B and C”, “at least one of A, B, or C”, “one
ormore of A, B, and C”, “one or more of A, B, or C”” and “A,
B, and/or C” means A alone, B alone, C alone, A and B
together, A and C together, B and C together, or A, B and C
together.

[0019] The term “a” or “an” entity refers to one or more of
that entity. As such, the terms “a” (or “an”), “one or more” and
“at least one” can be used interchangeably herein. It is also to
be noted the terms “comprising”, “including”, and “having”
can be used interchangeably.

[0020] The preceding is a simplified summary of the
present invention to provide an understanding of some
aspects of the present invention. This summary is neither an
extensive nor exhaustive overview of the present invention
and its various embodiments. It is intended neither to identify
key or critical elements of the present invention nor to delin-
eate the scope of the present invention but to present selected
concepts of the present invention in a simplified form as an
introduction to the more detailed description presented
below. As will be appreciated, other embodiments of the
present invention are possible utilizing, alone or in combina-
tion, one or more of the features set forth above or described
in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and still further features and advantages
of the present invention will become apparent upon consid-
eration of the following detailed description of embodiments
thereof, especially when taken in conjunction with the
accompanying drawings:
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[0022] FIG. 1 is a top plan view drawing of a tank in
accordance with one embodiment of the present invention;
[0023] FIG. 2 is a top plan view drawing of a 96 well plate
in accordance with one embodiment of the present invention;
[0024] FIG. 3is atop plan view drawing of two of the tanks
of FIG. 1 and the 96 well plate of FIG. 2 in accordance with
one embodiment of the present invention;

[0025] FIG. 4 is a top plan view drawing of a tank in
accordance with one embodiment of the present invention;
[0026] FIG. 5 is a side elevation view drawing of a tank
filled with water and connected to a water source in accor-
dance with one embodiment of the present invention;

[0027] FIG. 6 is a side elevation view drawing of a tank
filled with water and connected to a source of water in accor-
dance with one embodiment of the present invention;

[0028] FIG. 7isatop plan view drawing of the tank of FIG.
1 and lids in accordance with one embodiment of the present
invention;

[0029] FIG. 8isatop plan view drawing of the tank of FIG.
1, illustrating the step of applying one lid to one compartment
in accordance with one embodiment of the present invention;
[0030] FIG. 9isatop plan view drawing of the tank of FIG.
1, illustrating the step of applying one lid to one compartment
in accordance with one embodiment of the present invention;
[0031] FIG. 10 is a top plan view drawing of the tank of
FIG. 1, illustrating the step of applying two lids to two com-
partments in accordance with one embodiment of the present
invention;

[0032] FIG. 11 is a top plan view drawing of the tank of
FIG. 1, illustrating the step of applying two lids to two com-
partments in accordance with one embodiment of the present
invention;

[0033] FIG. 12 is a top plan view drawing of the tank of
FIG. 1, illustrating the step of applying a plurality of lids to
the compartments in accordance with one embodiment of the
present invention;

[0034] FIG. 13 is a top plan view drawing of the tank of
FIG. 1, with a plurality of sub-compartment dividers and
compartment lids in place in accordance with one embodi-
ment of the present invention;

[0035] FIGS. 14A and 14B are front elevation view of a
divider, and front elevation view of a tank with plurality of
such dividers, respectively, in accordance with an embodi-
ment of the present invention;

[0036] FIGS. 15A and 15B are front elevation views of a
divider having an opening covered by a fine mesh, in accor-
dance with an embodiment of the present invention;

[0037] FIG. 16 is a front elevation view drawing of a plu-
rality of tanks housed on a housing rack in accordance with
one embodiment of the present invention;

[0038] FIG. 17 is a side elevation view drawing of the tank
of FIG. 5 positioned on a drawer on a shelf of a housing rack
in accordance with one embodiment of the present invention;
[0039] FIG. 18 is a side elevation view drawing of the tank
of FIG. 5 positioned on an extended drawer on a shelf of the
housing rack in accordance with one embodiment of the
present invention;

[0040] FIG. 19 is a top plan view drawing of four tanks in
accordance with one embodiment of the present invention;
[0041] FIG. 20 is a top plan view of a tank with sub-com-
partment dividers and a back cover in accordance with one
embodiment of the present invention;
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[0042] FIG.21is atop plan view of the tank of FIG. 18 with
sub-compartment dividers and a back cover inserted into the
tank in accordance with one embodiment of the present
invention;

[0043] FIG. 22 is a side elevation view of the system illus-
trating how water flows through a compartment of'a tank to a
drainage trough on a housing rack in accordance with one
embodiment of the present invention;

[0044] FIG. 23 is an expanded front elevation view of com-
partments of the tank of FIG. 18 in accordance with one
embodiment of the present invention;

[0045] FIG. 24 is a perspective view of the tank of FIG. 18
illustrating the step of inserting/removing a sub-compartment
divider in accordance with one embodiment of the present
invention;

[0046] FIG. 25 is a top plan view of a tank divided into
twelve sub-compartments in accordance with one embodi-
ment of the present invention;

[0047] FIG. 26 is atop plan view of a tank filled with water
and fish but without any sub-compartment dividers in accor-
dance with one embodiment of the present invention;

[0048] FIG. 27 is an expanded top plan view illustrating a
sliding mechanism for inserting compartment lids in accor-
dance with one embodiment of the present invention;

[0049] FIGS. 28A, 28B, 28C, and 28D illustrate front and
perspective views of a tank on a housing rack, in accordance
with one embodiment of the present invention;

[0050] FIG. 29A illustrates a tank with rails at its bottom
surface for locking the tank onto a tank-holding bar, in accor-
dance with an embodiment of the present invention;

[0051] FIG. 29B illustrates side elevation view of the rails
that is attached at the bottom surface of the tank for locking
the tank onto the tank-holding bar;

[0052] FIG. 29C illustrates bottom elevation view of the
rails that is attached at the bottom surface of the tank for
locking the tank onto the tank-holding bar;

[0053] FIG. 30 is a front elevation view of a housing rack
with larger individual tanks in accordance with an existing
system and method for testing zebrafish;

[0054] FIGS. 31A and 31B illustrate perspective view of a
housing rack with larger individual tanks and a 96 well plate
in accordance with an existing system and method for testing
zebrafish;

[0055] FIG. 32A illustrates a shelf adapter that allows the
tank to fit on racks designed for taller tanks, in accordance
with an embodiment of the present invention;

[0056] FIG. 32B illustrates side elevation view of the shelf
adapter that allows the tank to fit on racks designed for taller
tanks;

[0057] FIG. 32C illustrates top plan view of the shelf
adapter that allows the tank to fit on racks designed for taller
tanks;

[0058] FIG. 33 illustrates a basket that may be placed into
the tank for allowing easier removal of aquatic species from
each compartment of the tank;

[0059] FIG. 34 illustrates a ‘spawning insert’ that may be
placed into the tank for facilitating spawning process of
aquatic species;

[0060] FIG. 35 is a tank fabricated out of acrylic with lids
and dividers fabricated out of polycarbonate; and

[0061] FIG. 36 is a flowchart illustrating an exemplary
method in accordance with one embodiment of the present
invention.
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[0062] Theheadings used herein are for organizational pur-
poses only and are not meant to be used to limit the scope of
the description or the claims. As used throughout this appli-
cation, the word “may” is used in a permissive sense (i.e.,
meaning having the potential to), rather than the mandatory
sense (i.e., meaning must). Similarly, the words “include,”
“including,” and “includes” mean including but not limited
to. To facilitate understanding, like reference numerals have
been used, where possible, to designate like elements com-
mon to the figures.

DETAILED DESCRIPTION

[0063] Inthe following detailed description, numerous spe-
cific details are set forth in order to provide a thorough under-
standing of embodiments or other examples described herein.
In some instances, well-known methods, procedures, compo-
nents and circuits have not been described in detail, so as to
not obscure the following description.

[0064] Further, the examples disclosed are for exemplary
purposes only and other examples may be employed in lieu
of, or in combination with, the examples disclosed. It should
also be noted the examples presented herein should not be
construed as limiting of the scope of embodiments of the
present disclosure, as other equally effective examples are
possible and likely.

[0065] FIG. 1 is a top plan view drawing of a tank 100
according to one embodiment of the present invention. The
tank 100 is divided into twelve compartments 101 by com-
partment dividers 102. The compartments 101 are further
divided into forty-eight sub-compartments 103 by sub-com-
partment dividers 104. The compartments 101 and sub-com-
partments 103 allow researchers to isolate individual or
groups of zebrafish from each other during the screening
process in an efficient use of space and water. The tank 100
may be constructed of a sturdy material capable of housing an
aquatic specimen. For example, the material of the tank 100
may be plastic. The tank 100 and components may be con-
structed by any suitable means, including but not limited to
injection mold processes. Alternatively, the material of the
tank 100 may be metal, wood, glass, and the like, or any
combination thereof. The tank 100 has ledges 105 that pro-
vide space for such purposes as labeling of columns and rows
for identification of sub-compartments 103. The ledges 105
can also serve as handles to transport the tank 100. The tank
100 may also have separate handles 106 to allow for a sturdier
grip when transporting the tank 100.

[0066] The tank 100 is divided into twelve compartments
101 by compartment dividers 102. The dotted lines in the
FIG. 1 illustrate removable dividers/baffles. The compart-
ment dividers 102 may be permanently attached to the walls
of'tank 100 by any adhesive, such as glue, epoxy, and the like,
orany combination thereof, or by other fastening means, such
as nails, screws, bolts, and the like, or any combination
thereof. Alternatively, the compartment dividers 102 may be
removable. For example, there may be slots at the ends of
each compartment 101 for the compartment dividers 102 to
slide in and out of. The slots may be formed by protrusions
from the walls of tank 100 or by grooves in the walls of tank
100. The compartments 101 may or may not be equally
spaced. The compartment dividers 102 may be constructed of
a sturdy material that may or may not be the same as the
material of tank 100. For example, the material of the com-
partment dividers 102 may be plastic. Alternatively, the mate-
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rial of the compartment dividers 102 may be metal, wood,
glass, and the like, or any combination thereof.

[0067] Each compartment 101 is further divided into as
many as four sub-compartments 103 by sub-compartment
dividers 104. Similar to the compartment dividers 102, the
sub-compartment dividers 104 may be permanently attached
to the walls of tank 100 by any adhesive, such as glue, epoxy,
and the like, or any combination thereof, or by other fastening
means, such as nails, screws, bolts, and the like, or any com-
bination thereof. Likewise, the sub-compartment dividers
104 may be removable. For example, there may be slots built
in to the walls of tank 100 and the compartment dividers 102
at specific intervals for the sub-compartment dividers 104 to
slide in and out of. The slots may be formed by protrusions
from or grooves in the walls of tank 100 and/or the compart-
ment dividers 102. The sub-compartments 103 may or may
not be equally spaced. The sub-compartment dividers 104
may be constructed of a sturdy material that may or may not
be the same as the material of the tank 100 or of the compart-
ment dividers 102. For example, the material of the sub-
compartment dividers may be plastic. Alternatively, the mate-
rial of the compartment dividers 102 may be metal, wood,
glass, and the like, or any combination thereof.

[0068] Each compartment 101 has a collection channel 107
at one end of that compartment 101. The collection channel
107 ends in a downspout 108 to empty water from the com-
partment 101 to a drainage system, where the water may drain
to a sewer system or alternatively be recycled. The collection
channel 107 may be tapered to allow for the water in the
compartment 101 to more easily flow to the downspout 108.
The downspout 108 may be of any material suitable for water,
such as glass, rubber, plastic, and the like. There should be a
water-tight seal between the collection channel 107 and the
downspout 108 to prevent any leakage of water. This can be
accomplished by any means known to a person skilled in the
art, such as a gasket, epoxy, and the like, or any combination
thereof.

[0069] FIG.2isatopplanview ofa 96 well plate 200. In an
embodiment, the 96 well plate 200 is of 8*12 matrix. Further,
as shown, the 96 well plate 200 includes ninety-six wells,
such as a well 201. Furthermore, the 96 well plate 200 may be
of standard kind made by any manufacturer.

[0070] FIG.3isatop plan view drawing of two of the tanks
100 depicted in FIG. 1 and described above, and a 96 well
plate 200 with ninety-six wells. The two tanks 100 with all the
compartment dividers 102 and sub-compartment dividers
104 will have a total of ninety-six sub-compartments 103.
When the two tanks are arranged in the configuration as
depicted in FIG. 14, the layout of the sub-compartments 103
will mimic that of the 96 well plate 200.

[0071] FIG. 4 is a top plan view drawing of the tank 100
where each compartment 101 is divided into only two sub-
compartments 103. With more space per sub-compartment
103 than the arrangement depicted in FIG. 1, this arrange-
ment allows researchers the flexibility of screening more than
one fish per sub-compartment 103 with more space than the
arrangement depicted in FIG. 1. This arrangement is particu-
larly useful for holding pairs of zebrafish while their embryos
are screened for mutations or trans-genesis.

[0072] FIG. 5 is a side elevation view drawing of the tank
100, more specifically, one compartment 101. A 1id 109 is
covering the compartment 101. The 1id 109 has an aperture
110 over each of the sub-compartments 103. The apertures
110 may be any size and shape, and may serve as feeding
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holes for the fish. Alternatively, the apertures 110 may serve
as openings for introducing water into the compartment 101
from the water source 307. The water source 307 may intro-
duce water to the compartment 101 through any one of the
apertures 110. Each aperture 110 may have its own flap or lid
to prevent foreign material from entering the compartment
101 when the aperture 110 is not being utilized. The lid 109
may or may not be made of the same material as the tank 100,
compartment dividers 102, and/or sub-compartment dividers
104.

[0073] To allow for a constant flow of water from one
sub-compartment 103 to another, the sub-compartment divid-
ers 104 do not touch the base of the tank 100 creating gaps
111. This may be accomplished by a lip on which the sub-
compartment dividers 104 rest. The lip will be positioned at a
set height above the base of the tank 100 and at the bottom of
the slots or grooves in which the sub-compartment dividers
104 slide in and out, such that the fish will be unable to swim
under the sub-compartment dividers 104 to get from one
sub-compartment 103 to another. Additionally, the sub-com-
partment dividers 104 may have apertures in them to further
allow for the constant flow of water, especially in the situation
where the gaps 111 become clogged from debris. The aper-
tures will be sized small enough such that the fish will be
unable to swim through them to get from one sub-compart-
ment 103 to another. Additionally, compartmental dividers
may also have a gap at the bottom to allow water to easily flow
from one compartment to another (as shown further in FIG.
14A).

[0074] At the end of the compartment 101 where the col-
lection channel 107 and downspout 108 are located, there is
an additional divider 104' that separates the compartment 101
from the collection channel 107 and downspout 108. The
divider 104' will be identical to the sub-compartment dividers
104. The divider 104' should be in place whenever there are
fish in a compartment 101 so that the fish will be prevented
from entering the downspout 108 and ultimately the drainage
system. However, the divider 104' may be removable in a
similar fashion as the sub-compartment dividers 104.

[0075] FIG. 6 is another side elevation view drawing of the
tank 100 and compartment 101 according to another embodi-
ment of the present invention. In this embodiment, the water
source 307 introduces water to each of the sub-compartments
103 individually and at the same time through each of the
apertures 110 in the 1id 109. The 1id 109 does not have to be in
place while the water is being introduced to the sub-compart-
ments 103.

[0076] FIGS. 7 through 13 are top plan view drawings of
the tank 100 depicted in FIG. 1 and lids 109 for each com-
partment 101, and illustrate the step of applying lids 109 to
the compartments 101. The lid 109 can be applied to the
compartment 101 by any means known to a person skilled in
the art. For example, the lid 109 can slide into slots built into
the top of the compartment dividers 102 and the walls of tank
100. Alternatively, the top edges of the compartment dividers
102 and the walls of tank 100 can have notches cut out that
span the entire length of each compartment 101, creating a
ledge forthe 1id 109 to rest on. Each lid 109 has four apertures
110 such that when the lid 109 is fully covering the compart-
ment 101, an aperture 110 will be above each sub-compart-
ment 103. The apertures 110 can serve as feeding holes for the
fish in the sub-compartments 103, or as an entrance for intro-
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ducing water into the compartments 101. The apertures 110
may be any size or shape. Alternatively, the lids 109 may have
no apertures 110.

[0077] FIGS. 14A and 14B are front elevation view of a
divider 202, and front elevation view of the tank 100 with
plurality of such dividers 202, respectively. The divider 202
has a gap 203 at its bottom. The gap 203 in the divider 202
allows water, food, and waste to pass through. When the
divider 223 is placed into a tank, such as tank 100 (as shown
in FIG. 14B), the gap 203 in the divider 202 allows water,
food, and waste to flow from one compartment to other com-
partments of the tank 100.

[0078] Additionally, as shown in FIG. 14A, the divider 202
also has plurality of holes 204 at its top section. The holes 204
in the divider 202 enable water flow via the divider 202. When
the divider 202 is placed into a tank, such as tank 100 (as
shown in FIG. 14B), the holes 204 in the divider 202 makes a
passage for the water to pass to adjacent compartments.
Thereby, the holes 204 ensure proper flow of water in com-
partments of the tank 100 even if the gap 203 of any divider
202 gets clogged.

[0079] FIGS. 15A and 15B are front elevation views of a
divider 205 having an opening (not shown) covered by a fine
mesh, such as mesh 206 and 207. Some research requires
raising an individual fry or larva separate from other fry or
larva because of their unique genetic, morphological, or phe-
notypic characteristics. According to the state of art technol-
ogy, the only way to raise an individual fry/larva is by keeping
them separately in individual tanks. However, by using the
tank with the dividers 205 having an opening covered by fine
mesh, such as mesh 206 and 207, researchers can raise indi-
vidual larva or fry in same tank having different compart-
ments.

[0080] In an exemplary embodiment of the present inven-
tion, the divider 205 (as shown in FIG. 15A) may have a fine
mesh 206 of 800 micron. In another exemplary embodiment
of the present invention, the divider 205 (as shown in FIG.
15B) may have a fine mesh 207 of 400 micron. Researchers
may select any of the mesh of either 400 micron or 800 micron
for the divider 205, based on research requirements.

[0081] FIG. 16 is a front elevation view drawing of the
system 300 according to one embodiment of the present
invention. The system comprises a multitude of tanks 100, a
housing rack 301, a water collection tank 302, a pump 303,
water distribution pipes 304, and water drain pipes 305. The
housing rack 301 is standard that may be provided by any
manufacturer. Alternatively, the water distribution pipes 304
may come from the city water supply system and the water
drain pipes 305 may drain directly to the sewer system in licu
of a water collection tank 302 and pump 303, respectively.
[0082] FIGS.17 and 18 are side elevation view drawings of
a tank 100 on a drawer 306. The drawer 306 is attached to a
shelf 308 that is part of the housing rack 301. When the drawer
306 is pushed in, the downspout 108 will be positioned above
a drainage trough 309. When the water level reaches a certain
level, which is determined by the height of the collection
channel 107, the water will empty to the downspout 108 into
the drainage trough 309, and ultimately to a water collection
tank 302 or alternatively to the sewer system. Therefore, the
water source 307 should be turned off when the drawer 306 is
extended to prevent water spillage. When the drawer 306 is
extended, a researcher will be able to access the tank 100 for
any purpose such as testing and/or feeding fish, cleaning the
tank, and the like.
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[0083] FIG.19is atop plan view drawing of four tanks 400
according to another embodiment of the present invention.
Each tank 400 is divided into six compartments 401 by com-
partment dividers 402. The compartments 401 are further
divided into twenty-four sub-compartments 403 by sub-com-
partment dividers 404. With four tanks 400 arranged in the
configuration depicted in FIG. 19, the layout of the sub-
compartments 403 will mimic that of'a 96 well plate.

[0084] Each tank 400 may be constructed of a sturdy mate-
rial. For example, the material of the each tank 400 may be
plastic. Alternatively, the material of each tank 400 may be
metal, wood, glass, and the like, or any combination thereof.
Each tank 400 has ledges 405 that provide space for such
purposes as labeling of columns and rows for identification of
sub-compartments 403. The ledges 405 can also serve as
handles to transport each tank 400. Each tank 400 may also
have separate handles 406 to allow for a sturdier grip when
transporting each tank 400.

[0085] Each tank 400 is divided into six compartments 401
by compartment dividers 402. The compartment dividers 402
may be permanently attached to the walls of each tank 400 by
any adhesive, such as glue, epoxy, and the like, or any com-
bination thereof, or by other fastening means, such as nails,
screws, bolts, and the like, or any combination thereof. Alter-
natively, the compartment dividers 402 may be removable.
For example, there may be slots at the ends of each compart-
ment 401 for the compartment dividers 402 to slide in and out
of. The slots may be formed by protrusions from the walls of
tank 400 or by grooves in the walls of each tank 400. The
compartments 401 may or may not be equally spaced. The
compartment dividers 402 may be constructed of a sturdy
material that may or may not be the same as the material of
each tank 400. For example, the material of the compartment
dividers 402 may be plastic. Alternatively, the material of the
compartment dividers 402 may be metal, wood, glass, and the
like, or any combination thereof.

[0086] Each compartment 401 is further divided into as
many as four sub-compartments 403 by sub-compartment
dividers 404. Similar to the compartment dividers 402, the
sub-compartment dividers 404 may be permanently attached
to the walls of tank 400 by any adhesive, such as glue, epoxy,
and the like, or any combination thereof, or by other fastening
means, such as nails, screws, bolts, and the like, or any com-
bination thereof. Likewise, the sub-compartment dividers
404 may be removable. For example, there may be slots built
in to the walls of each tank 400 and the compartment dividers
402 at specific intervals for the sub-compartment dividers 404
to slide in and out of. The slots may be formed by protrusions
from or grooves in the walls of each tank 400 and/ or the
compartment dividers 402. The sub-compartments 403 may
or may not be equally spaced. The sub-compartment dividers
404 may be constructed of a sturdy material that may or may
not be the same as the material of the tank 400 or of the
compartment dividers 402. For example, the material of the
sub-compartment dividers 404 may be plastic. Alternatively,
the material of the compartment dividers 402 may be metal,
wood, glass, and the like, or any combination thereof.
[0087] Eachcompartment 401 has a collection channel 407
at one end of that compartment 401. The collection channel
407 ends in a downspout 408 to empty water from the com-
partment 401 to a drainage system, where the water may drain
to a sewer system or alternatively be recycled. The collection
channel 407 may be tapered to allow for the water in the
compartment 401 to more easily flow to the downspout 108.
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The downspout 408 may be of any material suitable for water,
such as glass, rubber, plastic, and the like. There should be a
water-tight seal between the collection channel 407 and the
downspout 408 to prevent any leakage of water. This can be
accomplished by any means known to a person skilled in the
art, such as a gasket, epoxy, and the like, or any combination
thereof.

[0088] The arrangement of the sub-compartment dividers
404 will be as depicted in FIG. 5. Each compartment 401 will
have a lid as depicted in FIGS. 7 through 13. Furthermore,
each tank 400 will be housed on a housing rack as depicted in
FIGS. 17 and 18.

[0089] FIGS. 20 through 27 illustrate various views of the
tank 400 as depicted in FIG. 19. FIG. 20 illustrates a disas-
sembled tank placed on a transport cart. Further as shown in
FIGS. 20 and 21, walls of tank 400 and the compartment
dividers 402 have protrusions 412 that form slots 413 in
which the sub-compartment dividers 404 slide in and out. At
the bottom of each slot 413, there is a lip 414 on which the
sub-compartment divider 404 sits, leaving a gap 411 (as
shown in FIGS. 22 and 23) that allows water to flow from one
sub-compartment to another. Furthermore, there is a back
cover 415 that covers the collection channels 407 and down-
spouts 408. The back cover 415 may be applied to the tank
400 by any means known to a person of ordinary skill in the
art. For example, there may be slots at the top of the walls of
tank 400 in which the back cover 415 may be inserted. The
back cover 415 may prevent foreign materials from entering
the collection channels 407 and downspouts 408. Addition-
ally, the back cover 415 may provide space for labeling the
compartments 401 for identification purposes.

[0090] Each compartment 401 has a lid 409. The lid 409
can be applied to the compartment 401 by any means known
to aperson skilled in the art. For example, the 1id 409 can slide
into slots built into the top of the compartment dividers 402
and the walls of tank 400. Alternatively, the top edges of the
compartment dividers 402 and the walls of tank 400 can have
notches cut out that span the entire length of each compart-
ment 401, creating a ledge for the 1id 409 to rest on. Each lid
409 has apertures 410 such that when the lid 409 is fully
covering the compartment 401, an aperture 410 will be above
each sub-compartment 403. The apertures 410 can serve as
feeding holes for the fish in the sub-compartments 403, or as
an entrance for introducing water into the compartments 401.
The apertures 410 may be any size or shape. Alternatively, the
lids 409 may have no apertures 410.

[0091] In FIG. 21, the compartment dividers 402 and the
sub-compartment dividers are installed in such a manner that
allows each compartment of the tank 400 to accommodate 24
fishes. FIG. 22 illustrates a water flow diagram showing a
drainage trough 416 and a water supply hose 417 in the tank
400. Further, a gap 411 is illustrated (in FIGS. 22 and 23) in
the sub-compartment divers 404 of the tank 400 for allowing
food, water, and waste to pass to other compartments of the
tank 400. A fish 208 is illustrated in the FIG. 23. FIG. 24
illustrates removal of the sub-compartment dividers 404 from
the tank 400. FIG. 25 illustrates the tank 400 holding 12 pairs
of fishes, such as fish 208. FIG. 26 illustrates a single sub-
compartment divider 404 that is placed to prevent the fishes
from escaping, wherein all other sub-compartment dividers
are removed. FIG. 27 illustrates a lid 409 covered over each
compartment of the tank 400.

[0092] FIGS. 28A, 28B, 28C, and 28D illustrate front and
perspective views of the tank 400 housed on a housing rack
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301. In an embodiment, the housing rack 301 is a 0.8 L rack.
The housing rack 301 also houses larger individual tanks in
accordance with an existing system and method for testing
zebrafish. These views offer a comparison of the system 300
in accordance with one embodiment of the present invention
and the existing system. The tank may be designed to fit on
preexisting rack systems built by multiple manufacturers.
Guides or rails on the bottom of the tank fit around the support
bars on existing rack systems to lock the tank in place (as
shown in FIG. 29A).

[0093] FIG. 29A illustrates the tank 400 with rails 418 at its
bottom surface. The rails 418 may be used for locking the tank
400 onto a tank-holding bar 419. Such additional feet (rails)
418 added to the bottom corners of the tank 400 stabilize the
tank when the tank is on a flat surface. Further, side and
bottom elevation views of the rails 418 are illustrated in FIGS.
29B and 29C, respectively.

[0094] FIG. 30 illustrates front elevation view of a housing
rack 301 with larger individual tanks, such as tanks 450 for
testing zebrafish. Further, in FIG. 30, a 1.8L tank is shown.
Furthermore various baffles 452 are also shown in the housing
rack 301. Additionally a drainage trough 309 is illustrated in
the housing rack 301.

[0095] FIG. 31A illustrates a perspective view of a housing
rack 301 with larger individual tanks for testing zebrafish.
Further, FIG. 31B illustrates a 96 well plate 200 having 96
wells, such as a well 201.

[0096] FIG. 32A illustrates a shelf adapter 420 that is used
to accommodate a tank, such as tank 400, onto a housing rack
that is designed to accommodate substantially taller tanks.
Zebrafish research holding system manufacturers generally
build two different types of shelves/housing racks. One is
designed to hold short holding tanks and the other is designed
to hold taller holding tanks. The system may accommodate
the tank on shelves designed to hold short holding tanks with
little or no modification. In case, if a tank is to be placed on a
shelf designed to hold taller holding tanks, then the shelf
adapter 420 is required to be used (as shown in FIG. 32A).
Further, the shelf adapter 420 is designed to lock on the
existing shelf/housing rack for locking the tank on the shelf
adapter 420. The shelf adapter 420 also enables the tank drain
spouts to fit into the drainage trough of a tall holding tank
shelf.

[0097] Further, the shelf adapter 420 has rails that lock the
shelf adapter 420 onto a rack system and a bar that allows the
tank to lock on to the shelf adapter 420. Side view and bottom
views of the shelf adapter are illustrated in FIGS. 32B and
32C respectively. In an exemplary embodiment, the dark
shaded bars, such as bar 421, may be of dimension 1", and the
light shaded bars, such as bars 4224 and 4224, may be of
dimension ¥4". Additionally, as shown in the FIG. 32B, the
gap between the two light shaded bars (i.e. 4224 and 4225) is
in-line with the dark shaded bar 421 above. Furthermore, the
dimensions shown in the FIGS. 32B and 32C are meant only
for enabling a person skilled in the art to implement the
present invention. However, the dimensions are not mean for
restricting the scope of the present invention.

[0098] FIG. 33 illustrates a basket 423 that may be placed
into a tank, such as tank 400, for facilitating removal of
aquatic species, such as zebrafish, from the tank 400. In an
embodiment of the present invention, the basket 423 is
removable. Further, for easier removal of the aquatic species
from the tank 400, baskets 423 containing slots/holes 424
may be placed into each compartment of the tank 400. Such
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basket 423 facilitates easier removal of the aquatic species
from each compartment of the tank 400. This eliminates the
need to net each aquatic species out of the compartments of
the tank 400. Further, the baskets 423 may or may not be used
in conjunction with section dividers. Additionally, each bas-
ket 423 has a handle 425 for easy removal of the basket 423
from the compartments of the tank 400. The handle 425 may
be folded (not shown) into edge of the basket 423.

[0099] FIG. 34 illustrates a ‘spawning insert’ 426 that may
be placed into a tank, such as tank 400, for facilitating spawn-
ing process of aquatic species, such as a fish/zebrafish. By
using the spawning insert 426, fishes may be spawned
directly in the tank 400. This eliminates the need for a sepa-
rate spawning vessel. Further, to make use of the spawning
inserts 426, the spawning inserts 426 are placed inside each
compartment of the tank 400 and then fishes are added into
the compartments containing spawning inserts 426. Further,
the sloped and rough spawning surface of the spawning insert
426 helps in initiating spawning. When a fish spawn, eggs of
the fish get sink through a large screen 427 covering the top of
the spawning insert 426 and come to rest on a fine mesh screen
428 at the bottom of the spawning insert 426.

[0100] After a set amount of time, usually a night, the
spawning/breeding inserts 426 are removed and the eggs are
collected into Petri dishes (not shown) or the like which are
labeled with the coordinates of the location of the breeding
pair in the tank. As the eggs are removed, the fish is not
required to be removed from the tank 400. Embryos of eggs
are then screened for phenotype, genotype, or transgenic
expression, and fish from clutches of interest are easily
located in the tank.

[0101] FIG. 35 illustrates an exemplary embodiment of the
present invention wherein a tank is fabricated out of acrylic
and its dividers and lids are fabricated out of polycarbonate.
[0102] FIG. 36 is a flowchart illustrating an exemplary
method 500 for testing and researching fish in accordance
with one embodiment of the present invention. The method
500 begins at step 501. At step 502, the researcher fills a tank
with water. The tank may be as depicted in FIG. 1 or17, or any
other variation thereof. At step 503, the researcher inserts the
required number of sub-compartment dividers to create the
necessary number of sub-compartments given the type of
testing to be performed. For example, if embryonic screening
for mutant phenotypes is being performed, less sub-compart-
ment dividers will be required as the fish will be housed in
pairs in each sub-compartment. At step 504, the researcher
performs the procedure on the fish, for example collecting
embryos from spawning pairs. At step 505, the researcher
transfers the samples taken in step 504 to the appropriate
storage device, such as a petri dish, beaker, test tube, 96 well
plate, and the like, given the specific type of testing and
research being performed. At step 506, the researcher places
the fish into the sub-compartments of the tank. If there are any
empty sub-compartments and additional fish are to be tested,
then the researcher repeats steps 504 through 506 until all the
sub-compartments are filled. Otherwise, the researcher will
proceed to step 507. At step 507, the researcher slides a
compartment lid over each compartment. At step 508, the
researcher transfers the tank to the housing rack by placing
the tank on the drawer. At step 509, the researcher connects
the water supply source to each compartment and pushes the
drawer in such that each of the downspouts are positioned
over the drainage trough located on each housing rank shelf.
At 510, the researcher starts the water supply to each com-
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partment so that fresh water can constantly circulate from
each sub-compartment to the next to the collection channel
and downspout. The method ends at step 511.

[0103] While the foregoing is directed to embodiments of
the present invention, other and further embodiments of the
present invention may be devised without departing from the
basic scope thereof. In particular, it should be appreciated that
any element of any embodiments disclosed herein may be
combined with any other elements from any other embodi-
ments disclosed herein, in accordance with yet further
embodiments of the present invention.

[0104] The present invention, in various embodiments,
configurations, and aspects, includes components, methods,
processes, systems and apparatus substantially as depicted
and described herein, including various embodiments, sub-
combinations, and subsets thereof. Those of skill in the art
will understand how to make and use the present invention
after understanding the present disclosure. The present inven-
tion, in various embodiments, configurations, and aspects,
includes providing apparatus and processes in the absence of
items not depicted and/or described herein or in various
embodiments, configurations, or aspects hereof, including in
the absence of such items as may have been used in previous
devices or processes, e.g., for improving performance,
achieving ease and reducing cost of implementation.

[0105] The foregoing discussion of the present invention
has been presented for purposes of illustration and descrip-
tion. The foregoing is not intended to limit the present inven-
tion to the form or forms disclosed herein. In the foregoing
Detailed Description for example, various features of the
present invention are grouped together in one or more
embodiments, configurations, or aspects for the purpose of
streamlining the disclosure. The features of the embodiments,
configurations, or aspects of the present invention may be
combined in alternate embodiments, configurations, or
aspects other than those discussed above. This method of
disclosure is not to be interpreted as reflecting an intention
that the claimed invention requires more features than are
expressly recited in each claim. Rather, as the following
claims reflect, inventive aspects lie in less than all features of
a single foregoing disclosed embodiment, configuration, or
aspect. Thus, the following claims are hereby incorporated
into this detailed description, with each claim standing on its
own as a separate preferred embodiment of the present inven-
tion.

[0106] Moreover, though the description of the present
invention has included description of one or more embodi-
ments, configurations, materials, measurements, dimensions,
or aspects and certain variations and modifications, other
variations, combinations, and modifications are within the
scope of the present invention, e.g., as may be within the skill
and knowledge of those in the art, after understanding the
present disclosure. It is intended to obtain rights which
include alternative embodiments, configurations, or aspects
to the extent permitted, including alternate, interchangeable
and/or equivalent structures, functions, ranges or steps to
those claimed, whether or not such alternate, interchangeable
and/or equivalent structures, functions, ranges or steps are
disclosed herein, and without intending to publicly dedicate
any patentable subject matter.

What is claimed is:

1. An apparatus for testing and researching aquatic species,
comprising:
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a housing rack for housing at least one tank;

one or more dividers for dividing the at least one tank into
one or more compartments;

a collection channel in each of the one or more compart-
ments for draining water from the one or more compart-
ments; and

one or more lids for covering the one or more compart-
ments.

2. The apparatus of claim 1, further comprising one or more
rails at bottom surface of the at least one tank for locking the
at least one tank onto the housing rack.

3. The apparatus of claim 1, wherein the at least one tank
further comprising a spawning insert for spawning the aquatic
species.

4. The apparatus of claim 1, wherein the at least one tank
further comprising sub-compartments within the one or more
compartments.

5. The apparatus of claim 1, wherein the one or more
dividers further comprising a gap for allowing water, food,
and waste to flow from one compartment to another compart-
ment.

6. The apparatus of claim 1, wherein the one or more
dividers further comprising one or more holes for allowing
water to flow from one compartment to another compartment.

7. The apparatus of claim 1, wherein the one or more
dividers further comprising

an opening covered by a mesh.

8. The apparatus of claim 1, wherein the at least one tank
further comprising one or more removable basket into the one
or more compartments for allowing removal of aquatic spe-
cies from the tank.

9. The apparatus of claim 8, wherein the one or more
removable basket comprising at least one slot, at least one
hole, and at least one handle.

10. The apparatus of claim 1, wherein the at least one tank
comprising forty-eight sub-compartments.

11. The apparatus of claim 1, wherein the at least one tank
comprising thirty-two sub-compartments.

12. The apparatus of claim 1, wherein the at least one tank
comprising twenty-four sub-compartments.

13. The apparatus of claim 1, wherein the apparatus further
comprises a shelf adapter for accommodating at least one
tank on the housing rack.
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14. The apparatus of claim 1, wherein the tank is made of an
acrylic material.

15. The apparatus of claim 1, wherein the tank is made of a
polycarbonate material.

16. The apparatus of claim 1, wherein the one or more
dividers and lids are made of a polycarbonate material.

17. The apparatus of claim 1, wherein the housing rack
further comprising a plurality of shelves, drawers on shelves
for resting at least one tank.

18. The apparatus of claim 17, wherein the plurality of
shelves further comprising drainage troughs into which water
from the downspout drains and a water collection tank into
which water from the drainage troughs drains.

19. The system of claim 17, wherein the housing further
comprising a pump for pumping the water from a water
collection tank to at least one water supply source.

20. A system for testing and researching aquatic species,
comprising:

at least one tank comprising compartments and sub-com-

partments formed by one or more dividers;

a housing rack for accommodating the at least one tank;

a collection channel and a downspout for each compart-

ment for draining of water from each compartment;
one or more lids to cover each compartment; and

one or more removable basket into the one or more com-

partments for allowing removal of aquatic species from
the tank.

21. The system of claim 20, wherein the housing rack
further comprising multiple shelves, drawers on shelves for
resting at least one tank, drainage troughs on the shelves into
which water from the downspout drain, a water collection
tank into which water from the drainage troughs drain, and a
pump for pumping the water from the water collection tank to
water supply sources.

22. A method for testing and researching aquatic species,
comprising:

providing a housing rack;

providing at least one tank on a shelf of the housing rack;

placing dividers into the at least one tank to create one or

more compartments in the at least one tank;

filling the at least one tank with water; and

performing testing on the aquatic species.
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