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Abstract 

This report frames the opportunity for reducing the number of fish that come to The Beastiary Pet 
Shop with Ich flare-ups caused by the stresses of transportation. The scope of this request for proposal 
(RFP) has been narrowed down to freshwater, tropical, docile ornamental fish transported by road from 
Ontario and Montreal as they are the most common at The Beastiary. Ich is present in all aquariums but is 
only triggered when the fish is stressed. The Beastiary is forced to quarantine all newly arrived fish for 
several weeks, as Ich is highly contagious after it is triggered. Furthermore, Ich symptoms may only be 
visible 1-3 weeks after arrival [1]. Ich causes several health issues within affected fish, such as lethargy, 
loss of appetite and death if left untreated. 

As the opportunity focuses on the flare-ups of Ich and stress in transported fish populations, fish 
are the major stakeholders. The Beastiary’s employees and owners also prioritize animal and fish care and 
have a vested interest in the well-being of fish during transport. The customers of the shop and fish 
owners, in general, are also prominent stakeholders in the opportunity. Secondary stakeholders include the 
transportation and mailing companies transporting the fish, and veterinarians that treat Ich in severe cases 
of the disease. 

The prominent objectives prioritize the safety and mental well-being of the fish. The requirements 
cover temperature, water hardness, pH regulation, monitoring oxygen, and mitigating ammonia levels in 
the water. Additionally, lighting and turbidity of the water can greatly impact fish, making them more 
prone to stress, and degrading their immune system [2]. Any animal testing must be done with 
authorization or supervision from professional animal care experts and with proper equipment and doses 
that do not hurt the fish. Furthermore, the objective is to develop a device that is sustainable and can carry 
the same number of fish as in regular fish transportation methods. Consequently, it is required they limit 
the emission of CO2 per unit mass material used in production, and have a low assembly-to-time ratio. 

Existing designs for fish transport include plastic bags, breather bags, StressGuard, and clove oil. 
All of these solutions have their purpose and strengths, however, they do not meet all requirements in the 
RFP.  The improved bag designs fail to meet water quality requirements such as pH, while also not being 
sustainable. The StressGuard and clove oil both reduce the stress of the fish but fail to meet the 
requirements for maintaining water quality. 

[1] “CIR920/FA006: Ichthyophthirius multifiliis (White Spot) Infections in Fish.” Accessed: Feb. 16, 
2025. [Online]. Available: https://edis.ifas.ufl.edu/publication/FA006 

[2] W. Helmut, H. Daniela, G. Manuel, and K. Gunter, “Practical and legal aspects of transporting live 
fish,” Bavarian State Research Center for Agriculture (LfL), Vöttinger Strasse 38, 85354 
Freising-Weihenstephan, Germany. Accessed: Feb. 15, 2025. [Online]. Available: 
https://www.aquaculture-welfare-standards.net/wp-content/uploads/2021/06/ita-transporting-live-fish-pra
ctical-and-legal-aspects-copyright-permission-by-lfl.pdf  
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1. Introduction 

This request for proposal establishes an opportunity to lower the rate of Ich flare-ups in fish 
caused by stress during road transportation to The Beastiary Pet Shop. Ich is always present within 
aquariums, however, left untreated after a flare-up induced by stress it may spread to other fish and result 
in death. Ich is often triggered in transit due to the stresses of a new environment and careless handling of 
the fish. Those arriving with the disease must be quarantined for a few weeks before being sold. This 
report details the impact of Ich on fish transport at The Beastiary and the requirements to address the 
conditions necessary for the fish and facilitate a user’s experience with the design.  

 

2. The Beastiary 

The Beastiary Pet Shop, located in Cabbagetown, sells a variety of exotic species to regular 
customers and hosts terrarium workshops and birthday parties. The vast majority of employees 
interviewed expressed their passion for wildlife and animal care, as well as their work in animal 
conservation. Furthermore, the Beasitary demonstrates strong communication; the team encountered 
owner and employees Josh, Jerry, James and Eric, they were extremely forthcoming and responsive to 
queries. They also prioritize sustainability and integrity in their work, with set policies to ensure pet care 
standards are maintained. The community contains a Quarantine Room (Figure 1) in the basement, where 
newly arrived species receive specialized care.  Many have concomitant aspects related to their work at 
the pet shop, from owning and caring for exotic pets domestically, to organizing and maintaining farms 
for supply. 

Ich is the primary disease that occurs among newly-transported fish populations. Many fish at the 
shop are transported in bags and deli containers from Ontario and Montreal. They are first brought to the 
Quarantine Room to acclimate to the new aquarium conditions. Here, employees ensure any diseases, 
such as Ich, can be treated and prevented from further infecting other fish at the shop. 

 

Figure 1: An aquarium tank in the Quarantine Room. 
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3. Onset and Prognosis of Ich 

Ichthyophthirius multifiliis is the primary protozoan responsible for Ich. The disease is marked by 
“the presence of small white spots on the skin and fins” and can cause a variety of symptoms ranging 
from irritation and increased mucus, to loss of appetite and weakness [1]. An employee at the Beastiary 
noted that the protozoan is always present throughout aquariums, but the disease is exacerbated through 
“flare-ups”. It starts as “trophont” and withstands chemical treatment. Following feeding on the epidermal 
cells of the fish, the trophont leaves and becomes a “tomont”, forming a cyst on the fish that then breaks 
off and attaches to surfaces in the environment. The tomont divides to form up to 1024 “daughter” 
parasites (tomites) to infect other species and become “theronts”, repeating the cycle. [1] 

 

 

Figure 2: Characteristic “White Spots” indicative of Ich caused by the protozoan multifiliis 

Source: Adapted from [2] 

 

The primary cause of these eruptions is the onset of stress [3]. Acclimation is capable of 
preventing the onset of flare-ups [3]. However, this only occurs in the Quarantine Room after being 
transported to the Beastiary, and there is no mechanism to prevent such flare-ups during transportation 
itself. Thus, many fish develop the onset of Ich flare-ups when they arrive and must receive treatment 
consisting of increasing the water temperature to speed up the life cycle of the protozoan and specified 
medication, such as Malachite Green. If left untreated, Ich “may result in 100% mortality” [1]. 

Ideally addressing the opportunity would directly measure the number of fish with Ich flare-ups 
after applying the device and compare it with the typical rate. However, this report is designed with the 
goal to minimize the amount of animal testing that occurs. Instead, the major objective of this opportunity 
to reduce Ich flare-ups is instead determined by proxy testing. The focus is on the effect of the 
environment that the fish experiences on its stress, and by consequence Ich. 
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4. Values of Integrity and Sustainability 

Our team’s core values are integrity and sustainability. Individually we all noted these qualities 
within our position statements as being important to our experiences with engineering design. 
Furthermore, several team members have experiences with green initiatives, influencing our value of 
sustainability. We define integrity within our team as a commitment to sticking to our team norms to form 
stronger unity when faced with challenges. We admired the integrity we observed at The Beastiary, and 
their commitment to animal health and care although they have yet to become profitable. We elected to 
work with Ich caused by fish transportation as it reflected The Beastiary’s commitment to animal health 
and integrity in standing by proper treatment of the fish. Furthermore, there are little to no sustainable 
methods of fish transportation, another aspect that prompted our interest. 

 

5. Defining Scope 

The scope of the opportunity has been constrained due to the wide range of fish sold at The 
Beastiary, the variety of transportation methods, and the responsibilities of the engineer. 

5.1 Scoping Fish Species 

 Our opportunity focuses on improving the transportation of freshwater, tropical, and docile 
ornamental fish to reduce stress and flare-ups of Ich. This opportunity specifically targets:  

Freshwater Fish 

There are two types of Ich: Ichthyophtirius multifiliis (freshwater Ich) and Cryptocaryon 
irritans (marine/saltwater Ich) from two different parasites [4]. Both saltwater and freshwater Ich 
cannot survive in the water conditions of the other parasite, and therefore they both have different 
treatments. Saltwater Ich is more fastidious than freshwater Ich, making freshwater fish more 
vulnerable to infection [5]. Additionally, freshwater fish are more popular among fish owners and 
pet shops, making it the primary focus [6].  

Tropical Water Fish 

Most fish at the Beastiary Pet Shop and among most fish owners are tropical fish, 
requiring water temperatures around 72oF (Appendix A). The treatments and requirements for 
tropical fish and cold water fish vary, influencing our choice to narrow our scope.  

Ornamental Fish 

Most pet fish sold at the Beastiary are ornamental and ‘schooling fish’ [7]. To minimize 
stress, they are placed in groups with at least six fish [7] and are transported in large volumes of 
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water. However, some types of fish, like the panda garra, are hostile towards their own species 
[7]. To avoid injury from conflict between fish, we are focusing on docile ornamental fish.  

5.2 Scoping Transportation Methods 

We are particularly focusing on the transportation of fish by road, using automobiles and trucks, 
to The Beastiary from throughout Ontario and Montreal (Appendix E). The longest expected travel time 
for the fish is six hours, as the furthest location they source fish from is Montreal, specifically MSR 
Imporium Canada. 

5.3 Scoping Typical Use 

Designs may function under the assumption that the user will complete the procedures necessary 
before and after transporting the fish. The following processes may be assumed to be the responsibility of 
the user: 

● Acclimation of the fish after arrival [3] 

● Pausing the feeding of the fish one to two days before transportation [8], [9] 

● Filling the device with water with healthy concentrations of chlorine, iron, and other necessary 
ions as detailed in Figure 3 [10] 

● Packaging designs with fragile components safely and with proper orientation and padding [11] 
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Figure 3: ”Healthy” ion concentrations in aquariums for freshwater fish. 
Source: Adapted from [10] 

 

6. Stakeholders 

Several communities, from breeders to customers, are impacted by Ich outbreaks in fish. For 
instance, fish owners involved run the risk of spreading Ich throughout their other tanks, infecting the 
other fish in their possession. 

 

6.1 Primary Stakeholders 

Fish 

The fish that will be transported are the most direct stakeholders for this opportunity. The 
stress responses of the fish serve as a major metric that informs whether the design has succeeded 
in fulfilling the primary need of the opportunity. 

The Beastiary Owner and Employees 

The Beastiary employees and owners value the well-being of the fish. However, they 
must also consider the priorities intrinsic to running a viable business. Reducing the number of 
fish that come into the pet shop with Ich will allow The Beastiary to sell the fish they receive 
faster after arrival. Customers will also receive healthier fish, aligning with the value of animal 
care the shop espouses and improving their reputation. Furthermore, it would clear space in the 
shop, reducing the number of quarantine tanks required for incoming fish. 

The Beastiary Customers 

Customers of the Beastiary value receiving high-quality healthy fish. Less fish coming in 
with Ich would mean being able to purchase newly arrived fish sooner after their arrival. 

Fish Breeders 

Fish breeders value optimizing the number of fish in a container to maximize profits, 
while ensuring they are in good health to avoid unnecessary refunds for fish that are dead on 
arrival. [9] 

Fish Owners 

Fish owners desire a method by which they can move their fish between locations or 
tanks, while keeping their fish safe. [12], [13] 
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6.2 Secondary Stakeholders 

Transportation and Mailing Companies 

Fish are typically transported by truck or car by various shipping companies, oftentimes 
unlabeled as fish. The companies involved in the actual transportation of orders of fish from the 
providers to the customers are most concerned with the logistics of transporting the fish and their 
holding containers. These include the weight, shape, and fragility of the containers, due to their 
liability in the situation where any damage is incurred. [8], [11] 

Veterinarians 

Less fish with Ich will need to be treated by professional vets in the case where the fish’s 
conditions are too severe for the owner or pet shop to treat. [1] 
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7. Requirements Graphic 
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8. Requirements Framework 

The major need for the opportunity is to reduce the stress experienced by fish during 
transportation to decrease the likelihood of Ich flare-ups. The following goals, ordered by highest to 
lowest priority as informed by stakeholder and team values, denote the qualities of the ideal design. 

Requirement Evaluation 
Criteria 

Metric Justification 

Goal 1: The device shall not damage or harm the fish 

Objectives 

i) Water Quality: Ensure the water quality is set and maintained according to the needs of the fish. This 
includes temperature regulation, water hardness, salinity, pH, ammonia and oxygen levels.  

ii) Chemical Dosage: Shall ensure that the fish are not surrounded by or in direct contact with lethal doses 
of chemicals.  

1.1: Shall maintain a 
water temperature 
range between 72 to 
82oF for at least 6 
hours. 

The more time the 
temperature range 
can be maintained, 
the better. 

Conduct the package 
insulation test as 
detailed within ISO 
22982-2:2021 [14] 

Based on information from the 
Beastiary Pet Shop (Appendix A), 
72-82oF is the optimal temperature 
for most tropical freshwater fish. 

Most fish are transported from local 
shops throughout Ontario and 
Montreal, which can be 
approximated to a 6-hour drive, 
serving as a basis.  

1.2: Shall maintain 
water hardness ranges 
between 5 to 20 
degrees of General 
Hardness (dGH) for at 
least 6 hours 

The more time the 
water hardness 
and quality can be 
maintained, the 
better.  

Measured using water 
strips or EDTA 
chelating agents, 
noted by Government 
of Canada [15] 

Based on information about ideal 
water hardness for fish specifically 
at the Beastiary Pet Shop (results in 
Appendix B), and the Government 
of Canada on proper water testing 
procedures. 

1.3: Shall maintain pH 
levels between 6.5 
and 7.8 for at least 6 
hours, measured 

The more 
consistent the pH 
range is from start 
to end of 

Measured using a pH 
meter or pH strips. It 
should follow the 
same testing 

Based on information about the 
ideal pH range for fish at the pet 
shop (results in Appendix C), 
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using a pH meter.  transportation, the 
better.  

procedures for a 
recreational 
swimming pool, 
outlined in [16] 

fact-checked from [17] 

Swimming pools require a healthy 
pH between 7.4 to 7.8 at all 
times[16], which overlaps with the 
pH levels needed for freshwater 
fish, making it a reference point.  

1.4: Ammonia levels 
shall not exceed 
0.5ppm 

The lower the 
ammonia levels the 
better; ideally, 
ammonia levels 
should be near 
0ppm 

Measured using 
Ammonia Test Strips, 
the procedure 
highlighted from [18] 

As stated by [10], while fish are 
fasted before transportation, they 
often release ‘white stringy fish 
poop’ which like all organic waste 
in fish releases ammonia as it tries 
to decompose. [19] Additionally, 
there are types of ammonia; ionized 
(non-toxic) and un-ionized (toxic). 
As pH increases, ammonia 
becomes un-ionized, harming fish.  

1.5: In the use of 
common chemical 
doses or anesthesia, 
the dose shall be less 
than 50 mg/L 

The smaller the 
dose the better. 

Natural sources 
are preferred over 
chemical sources 
for the health and 
stress of the fish. 
[20] 

Measuring proper 
administration of 
TMS (the most 
common anesthesia 
for fish), consult the 
Canada Department 
of Oceans and 
Fisheries 
Animal-User Training 
Template [21] 

From [20], anesthesia in fish causes 
prolonged stress as it alters various 
hormone levels. If the water used to 
prepare is not the same source as 
the tank itself, it can create a 
temperature shock for the fish, 
stressing and potentially killing the 
fish. 

1.6: Dissolved oxygen 
levels of the water 
must be at least 5 
mg/L throughout 6 
hours. 

The longer the 
oxygen levels are 
maintained the 
better 

Measured using The 
Winkler Method. It 
should follow the 
procedure from [22]  

The FAO on live fish transport 
recommends at least 5 mg/L of 
dissolved oxygen to prevent it from 
becoming a stress factor. [23][24] 
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Goal 2: The device shall reduce stress levels in fish 

Objectives:  

i) Replication of Natural Habitat: to reduce stress, the fish shall feel they are in their natural habitat. This 
includes lighting, turbidity, water flow and reducing sloshing during road transportation.  

ii) Monitoring the Behaviours of the Fish: the fish should maintain consistent behaviour from when they 
are in their fish tanks.   

2.1: Turbidity (unless 
from a natural source) 
shall not exceed 25 
Nephelometric 
Turbidity Units (NTU) 
[25]  

The less the better. 
Ideally should be 
near zero.  

Measured using a 
turbidity meter and as 
detailed by the United 
States Protection 
Agency [26]. Units 
are in NTU.  

Turbidity is the clarity and 
cleanliness of a liquid. It indicates 
how much matter is in the water, 
preventing light from travelling 
through. High turbidity is a sign of 
poor and dirty water conditions, 
which are harmful and stress fish 
out.  

2.2: The velocity of 
the water (sloshing) 
must not exceed 1.0 
m/s.  

The less sloshing 
of water 
surrounding the 
fish the better, 
while not 
completely 
restricting the flow 
of water 

Using any of the 
methods detailed by 
the FAO from [27] 

Under strong water flows and 
currents, fish get stressed and often 
caught, damaging the tissue. 
However, no water flow within the 
water the fish is swimming in also 
damages the well-being of the fish. 
[28] 

2.3: The fish’s 
surrounding light 
environment must be 
around 5500 light 
Kelvin.  

The closer the light 
Kelvin range is to 
this requirement 
(providing a cooler 
temperature), the 
better.  

Measured using the 
Kelvin colour 
temperature scale or 
Kelvin colour meter. 
[29] 

Fish prefer natural daylight and 
environments that mimic their 
natural surroundings. Natural 
sunlight at noon provides 5500 
Kelvin of light and is said to be 
ideal for fish [30] 

2.4: The fish’s 
swimming speed, 
primary location of 
swimming (swimming 

The more 
consistent the 
records are, the 
better 

Tracked and 
measured using 
tri-axial accelerator 
biologgers, with 

When many of the fish become 
stressed and tend to hide near the 
corners of the tanks (Appendix E), 
their swimming speeds and 
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near the corners of the 
device or the center), 
rest times and burst 
periods must remain 
consistent with 
behaviours in their 
fish tanks 

procedures detailed in 
the Marine Ecology 
Progress Series [31] 

respiration change. These fish may 
require more rest or may have less 
endurance when swimming, and it 
is important to note how their 
behaviour changes from when they 
are in the fish tank to a 
transportation device. 

2.5: Testing must be 
authorized or 
supervised by an 
individual 
knowledgeable in 
animal care and fish 
health.  

 Any testing must 
abide by the 
conditions detailed 
within ISO 
10993-2:2022 [32]. 

Any animal testing must be 
conducted with due diligence and 
observance of animal ethics. Efforts 
should be taken to avoid animal 
testing that may be replaced by 
secondary research and to reduce 
any stress the fish may experience. 
Professional and knowledgeable 
animal care can lower the 
likelihood of shock and damage 
faced by the fish.  

Goal 3: The device shall host a maximum amount of fish for an adequate volume 

Objectives 

i) Adequate Volume: Should ensure fish has the necessary volume of water to move around and not be 
stressed. 

ii) Least Volume Most Fish: Assuming the fish has enough volume, maximize the amount of fish in the 
container.  

3.1: Shall not exceed 
the maximum loading 
density (g/L) to the 
corresponding fish 
length for 12-hour 
transport. Specific 
information is found 
in Appendix D. 

To maximize the 
productivity of fish 
transport, the 
closer the loading 
density of the fish 
is to its maximum 
the better, without 
exceeding it. 

Using the expected 
total mass of fish and 
water volume for the 
container, calculate to 
see if it exceeds the 
loading density. 

Based on information from a 
journal article by the University of 
Arizona on ornamental fish 
transportation. Due to information 
listing 1 or 12 hrs for the length of 
transport and varying species 
requirements, to be on the safer 
end, the loading density would be 
for 12 hours. [33] 
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Goal 4: Design shall be safe for human users and the fish 

Objectives 

i) Electronic Components: Any electronic components incorporated into the design must abide by 
established aquarium safety standards to mitigate the risk of harm to the stakeholders. 

4.1: Any electronic 
element incorporated 
into the design must 
abide by the safety 
measures detailed 
within UL1018. [34]] 

 As tested by the 
procedures detailed 
within UL 1018. [34] 

Electronic components of the 
design must abide by preexisting 
standards for aquarium elements, to 
mitigate the risk of electrocution. 

Goal 5: The design shall be able to withstand jostling and forces expected of transportation 

Objectives 

i) Typical Transportation: Should be able to withstand typical forces and jostling intrinsic to 
transportation by truck without damage to the design and its functionality. 

5.1: Must not 
demonstrate any 
damage after 
undergoing emulation 
of forces and 
movement typical of 
transportation 

 Conduct the drop test, 
leakproofness test, 
stacking test, and tear 
test and observe 
potential damage as 
detailed within ISO 
16495:2022 [35]. 

Conduct the rolling 
test as detailed within 
ISO 2876:1985 [36]. 

Furthermore, higher durability 
ensures a design may be reused, 
improving the sustainability of a 
design. 

Testing methods used for containers 
intended to hold dangerous 
materials (ISO 16495:2022) are 
suggested here as they ensure a 
high standard for avoiding leaks. 

Leakage during the transportation 
process may lead to the suffocation, 
injury, or death of the fish. 

Goal 6: The design must have minimal impact on the environment 

Objectives 

i) Dematerialization: should reduce the amount of materials being used in the manufacturing process  
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ii) Disassembly (if applicable): should be capable of disassembly into its parts following manufacturing 
and towards end-of-life 

iii) Carbon Footprint: examining the ecological footprint of differing materials in the design to choose a 
material that ensures that the lowest footprint produced 

6.1: Volume must not 
exceed 2 gallons 
(0.00757082 m3) to 
transport at maximum 
1.5-3 kg fish to save 
materials 

The volume of 
materials utilized 
in creating the 
design must be 
minimized 

The lower the 
volume of 
materials used the 
better 

Measure the volume 
of the material used 
on the basis of shape, 
in m3 

The SPSD criteria with regard to 
optimizing environmental impact  
[61] outlines this recommendation 
in the “Raw Materials Stage” of the 
product design process. Average 
containers of 2 gallons can be used 
to hold 1.5-3 kg of fish for up to 12 
hours [33], [37], so it has been used 
as a benchmark for the maximum 
possible volume used. 

6.2: Shall have a 
minimum 
eDiM/assembly time 
ratio of 0.70, with the 
eDiM measured in 
seconds 

The higher the 
ratio of 
(eDiM/assembly 
time) the better 

The time (s) taken to 
complete the tasks 
outlined in [38] for 
assembly, and then 
again for disassembly, 
known as the eDiM 
(ease of disassembly 
metric) of a newly 
produced product to 
avoid erosion factors 
[39].  

ratio = 
eDiM/assembly time 

ISO/TR 14062:2002 [40] highlights 
how facilitating disassembly is key 
in being able to reuse product parts 
to minimize waste and encourage 
recycling, as well as extend product 
life. SPSD criteria also highlight 
“recovery of components for 
reuse”, the disassembly ratio 
calculated to determine whether the 
product can be efficiently 
disassembled. eDiM is a standard 
tool to compare the disassembly of 
different designs; however, a 
baseline can be established based 
on average assembly vs. 
disassembly times of products used 
currently in fish transport [39]. 

6.3: Must not exceed 
5.5 kg of CO2 emitted 
per kg of material 
used in production, 

The lower the 
quantity of 
kgCO2e/kg for a 
material produced 

Take all major 
materials 
(constituting >10% of 
production) and 

The SPSD criteria highlight 
ecological footprint as an effective 
evaluation of sustainability in the 
choosing of materials for 
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measured in 
kgCO2e/kg. 

the better. determine the mass of 
each separately in kg. 
Convert mass to 
kgCO2e using [41] or 
a similar database 
depending on the 
material. 

production. Since tanks and 
containers used in transport 
incorporate plastic, glass or acrylic 
PMMA, the corresponding 
emissions of 1.58 kgCO2e/kg [42], 
1.44 kgCO2e/kg [43] and 5.5 
kgCO2e/kg can be taken into 
consideration to determine a limit 
[44]. 

Goal 7: The design must facilitate an accessible and pleasant user experience 

Objectives 

i) Forces Required for Use: The device should be accessible for the widest range of people and physical 
capabilities 

ii) Learning Curve: The time it takes for the user to first set up the design such that it is ready for transport 
should be minimized 

iii) Set-up and Take-down Time: The time it takes for the user to set up and take down the design after 
initially learning its operation should be minimized 

7.1: The use, 
transport, repair, and 
set-up of the design 
must not require 
forces or weight 
exceeding the force 
capable of the lowest 
fifth percentile as 
detailed for various 
motions within 
ISO/TR 22411. [45] 

The less force 
required to operate, 
and lift the design 
the better 

As measured by the 
use of spring scales to 
test the force required 
to complete motions 
necessary to set-up, 
use, or take down the 
device. 

Increasing the accessibility of the 
design increases the usability as 
defined within ISO 9241-11.  [46] 
Furthermore, it increases the 
design’s “suitability for the widest 
range of use” as defined as an 
integral element of accessibility 
within ISO 9241-20. [47] 

7.2 The less time spent 
to learn how to use 
the design for the 
first time the 
better[46] 

As measured by 
timing an individual’s 
first time learning 
how to use the device 
from first being 

ISO 9241-11 highlights the intuitive 
design of a device to facilitate 
quick and easy learning of the 
device’s set-up, operation, and 
take-down improving the design’s 
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introduced to the 
design to successful 
set-up and 
preparation for 
transportation. 

usability and concomitant user 
experience. [46] 

7.3 The less time 
required for set-up 
and taking down 
the device the 
better 

As measured by 
timing how long it 
takes an individual to 
set up the device to be 
prepared for 
transportation. 

ISO 9241-11 notes the importance 
of the time spent completing a task 
in improving a user’s perception of 
the design’s efficiency, improving 
usability and associated user 
experience. [46] 
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9. Reference Designs 

There are many pre-existing ways of transporting fish while maintaining water quality or 
reducing stress, but they all have weaknesses and do not satisfy our requirements, providing us with the 
viable opportunity to improve pre-existing solutions. 

9.1 Dark-Insulated Shipping and Double Plastic Bagging 

 
Figure 4: The plastic bags The Beastiary receives fish in. 

 

 
Figure 5: Water double bagged and taped to round the corners of the bag to avoid fish getting stuck in the 

corners.  
Source: Adapted from [48] 

 
 Double bagging the fish and placing them in a box insulated by Styrofoam or other packing 
materials is considered “standard practice” for most ornamental fish transport. [9], [13], [48], [49], [50] 
and is used by The Beastiary, as mentioned in the interview transcript in Appendix E. Pure oxygen is 
often pumped into the bag before transit, with the Calgary Aquarium Society noting that 75: 25 is the 
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ideal air-to-water ratio in plastic bags to transport fish [51]. This method, as suggested by the Southern 
Regional Aquatic Center and PBS Pet Travel, helps keep their environment warmer and darker. [50], [62] 
This design excels with maintaining lighting (requirement 2.3), oxygen levels (requirement 1.6), and 
temperature (requirement 1.1) as the styrofoam padding, acts as a good insulator for heat and keeps the 
fish in the dark. However, they are not environmentally friendly, as single-use plastic bags produce 
1.58kg of CO2e for a mass of 6g, much higher than in requirement 6.3 [52], [53], . Additionally, this 
method requires extra additives, such as buffers, to keep metrics like hardness and pH in check.  
Scientifically, this extra room results in the sloshing of water, violating requirements 2.2 and 5.1. From 
the Materials and Molecules course knowledge, polymers can easily be stretched, melted or poked, 
making this a potential hazard from requirement [5.1]. 

 

9.2 Breather Bags: 

 

Figure 6: Kordon Breathing Bag 
Source: Adapted from [54] 

 

The breather bag, such as the one by Kordon products, (Figure 6) is micro-porous, allowing for 
the transfer of gas molecules through the plastic walls of the bag. Therefore, outside oxygen can dissolve 
into the water once the bag as the fish consumes it, while the excreted CO2 can escape. Furthermore, the 
bags are thick, reducing the likelihood of being punctured and leaking [55]. It addresses requirement [2.2] 
as Kordon Products claims that the bag can be entirely rotated without disturbing the fish. However, for 
optimal breathability in the breathing bags, they need to be packaged inside of cardboard boxes or 
Polystyrene. Their breathability also needs higher temperatures, which may not always be possible 
depending on surrounding temperatures. Furthermore, each bag needs to be separated from another for the 
gas exchange to occur, requiring extra space, and violating requirements [3.1].  The bags also fail to carry 
larger fish with higher oxygen demands [55]. These bags are made from polyethylene, rubber and 
polyester, where materials like polyester can generate 14.2kg of CO2e for 1kg of polyester, failing [6.3]. 
Moreover, it is noted that breather bags typically have a higher mortality rate than typical plastic bags as 
fish are generally more anxious without air physically in the bag, violating Goals 1 and 2 [9]. 
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9.3 Stressguard: 

 

 

Figure 7: Stressguard by Seacheam used in fish transport to reduce stress and promote healing [56] 
Source: Adapted from [56] 

 

The Stressguard by Seacheam (Figure 7) is a slime coat protection, binding to exposed proteins 
on the fish’s skin, giving it a gel-like protective coating. It acts as a barrier against the surrounding 
environment, making it less prone to irritations such as disease and ammonia detoxification, overall 
reducing stress in the fish. This barrier also prevents infections, allowing for the healing of wounds. It 
primarily addresses requirement 2.4, and a research study on a similar product, StressCoat, found a 50% 
reduction in erratic swimming during transport on arrival of the fish [57]. Also, due to its simple use with 
addition straight into the water, it excels in requirements associated with user-friendliness, Goal 7. 
However, this design does not address water quality and will, therefore, fail associated requirements, Goal 
1, without the addition of secondary buffers or different containers. 
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9.4 Clove Oil: 

 

Figure 8: Bottle of clove oil used in fish transport to induce varying levels of anesthesia and sedation [58] 
Source: Adapted from [59] 

 

Clove oil is often used and widely recognized as a natural sedative for ornamental fish transport, 
especially as it is seen as a natural alternative to anesthetics in use. It is directly added to the water and 
helps the activity of the fish, reducing stress, oxygen demand, and metabolism (consequently ammonia 
levels). [58] A major advantage is regarding safety, since the dosage can be altered within a large range 
without harming the fish and satisfies [2.4 and 2.5] overall fish stress levels and movement. However, it 
does not ensure water quality control and without other additives, would fail all other requirements of 
Goal 1 such as temperature and pH levels. Its use is also under consideration due to potential 
environmental impacts from released tank water, as the primary ingredient,  eugenol, has been considered 
an “equivocal carcinogen” in humans [60]. Additionally, the dosage is relatively strict, requiring careful 
monitoring to prevent over or under-dosage. This makes it difficult to learn and use, making it less 
favourable under [7.2 and 7.3]. 

Overall Summary: 

Figure 9 summarizes the pros and cons of these reference designs concerning our high-level 
requirements and tests. 
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Figure 9: A table summarizing the pros (green checkmark), and cons (red X) along with factors that were 
not the purpose of the design (grey O). 

 

10. Conclusion 

Reducing Ich flare-ups as fish are transported to the Beastiary Pet Shop is significant because it 
can lead to health problems and death if not prevented or treated adequately. Additionally, Ich is 
contagious and can rapidly spread to larger fish populations. Existing reference designs do not fulfill all 
the requirements for a sustainable solution, which prompts the need to find a design that can address the 
need to lower stress in fish during transportation.  The ideal device prioritizes the health and well-being of 
the fish, as well as the safety of the people operating it. Addressing this opportunity changes the risky and 
tumultuous, but necessary process of transporting fish into a secure process for both fish and fish owners.
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Appendix A: Ideal Temperature Levels for Fish Species 

 

Each circle represents a different fish type sold at the Beastiary Pet Shop and the corresponding 
required temperature range. It is noted that the most overlap occurs at 71.5oF, which can be rounded to 
72oF because most of the collected data from the website had temperature ranges starting from 72oF. The 
corresponding maximum is at 82oF. 
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Appendix B: Ideal Water Hardness Levels for Fish Species 

 

Each circle represents a different fish type sold at the Beastiary Pet Shop and the corresponding 
required water hardness range. It is noted that the most number of overlaps occur at 5dGH which has a 
corresponding maximum water hardness value of 20dGH.  
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Appendix C: Ideal pH Levels for Fish Species 

 

Each circle represents a different fish type sold at the Beastiary Pet Shop and the corresponding 
required pH range. It is noted that the most number of overlaps occur throughout 6 and have a maximum 
near 7 8 or 8.0, making it our standard.  
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Appendix D: Loading Density of Fish 

 

Fish Size Loading Density (Pure Oxygen) g/L Loading Density (Diffused Oxygen) g/L 

¼ Inch 50 30 

1 inch 100 120 

2 inch 105 120 

3 inch 105 240 

Larger Fish 180 360 

 

From the University of Arizona for transporting fish over 12 hours for common ornamental fish 
sizes. [33] Pure oxygen is the injection of oxygen in an air-tight bag before transport, similar to reference 
design 9.1. Diffused oxygen is the exchange of oxygen during transport, similar to reference design 9.2. 
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Appendix E: Interview Transcripts 

 

Phone call with Alex - Feb 14 2025: 

Notes 

Where are fish transported from? 

Majority from just outside of Toronto, basically none from Northern Ontario because there are no 
international airports because most fish are flown in from Asia. Also source fish from MSR Imporium 
Canada in Montreal, farthest major distributor for the pet shop. 

Use air compression used to store enough oxygen for the fish to last them one to two days. 

Conversation over website’s live chat: 
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Second In-Person Meeting with Beastiary Pet Shop - Feb 10 2025  

Highlighted lines are specific to the opportunity of fish transportation 
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First In-Person Meeting with the Beastiary Pet Shop (relevant to opportunity) 

Maintenance- fish tanks, feeding, cleaning 

Animals? ~100 reptiles, several hundred fish 

Customers are the most difficult part of working; difficult to listen (10 gallon tank but put in a 5 gallon) 
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Goldfish bowl - originally 20 gallon bow 

Quarantine room for new fishes before giving to sale (percent have sickness and need to be made healthy) 

Critter carrier containers deli cups with holes and lids 

Bags to transport  

● placed in aquarium in bag to get used to water temp 

● Ick disease persistent on them, dormant until high stressed due to dirty water 

● Fish to ensure no ick (3 days to 1 week) 

Tank leakages, floor wear and tear unexpected 
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