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Incubation Program.
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Research Process
Before opening the report, we think it is important to introduce our r esearch process.
Knowing the principles of the process helps readers understand how we formed our
conclusions and enables greater reasoning transparency. It will also clarify the structure of
the report.
Our research process incorporates elements that are well established in some fields but
uncommon in others. This is partly because of the unique goals of our research (i.e. finding
new areas for impactful charities to be launched) and partly because we incorporate lessons
and methodologies from other fields of research, primarily global health and medical
science. Below is a quick overview of some of the key elements.
Iterative depth: We research the same ideas in multiple rounds of iterative depth. Our goal is
to narrow down our option space from a very large number of ideas (often several hundred
at the start) to a more workable number for deeper reports. This means we do a quick
20-minute prioritization, a longer 2
 -hour prioritization, and finally an 80-hour
prioritization. Each level of depth looks at fewer ideas than the previous round.
Systematic: T
 he goal of our research is to compare ideas for a possible charity to found. To
keep comparisons between different ideas consistent our methodology is uniform across all
the different ideas. This results in reports that consider similar factors and questions in a
similar way across different interventions, allowing them to be more easily compared. This
is commonly used in other charity evaluations and e
 ncouraged in other fields.
Cluster approach: C
 omparing different intervention ideas is complex. We are not confident
that a single methodology could narrow down the field, in part due to e
 pistemic modesty. To
increase the robustness of our conclusions, we prefer instead to look at ideas using multiple
independent methodologies and see which ideas perform well on a number of them (more
information here). These methodologies include a cost-effective analysis, expert views,
informed consideration, and using a w
 eighted factor model. We explain the merits and
disadvantages of each method, as well as how we apply it, in the linked documents. Each
methodology is commonly used in most fields of research but they are rarely combined into
a single conclusion.
Decision relevant: Our research is highly specialized and focused. We only research topics
that are directly related to the endline choice of what charity to found. Sometimes
cross-cutting research is needed to allow comparison between different ideas, but all our
research aims to be directly useful to getting new charities started. This level of focus on
targeted practical outcomes is rare in the research world, but is necessary to our goal of
generating more charity ideas with minimal time spent on non-charity idea related
concepts.
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Improving shrimp welfare
Subsidizing farmers in Vietnam to improve water oxygenation is the approach we
have modeled to improve shrimp welfare. However, we will also consider alternative
interventions, countries, and approaches in the implementation report, and the
entrepreneurs should be open-minded to pursuing any combination of these
alternatives, or pivoting to them if our best guess doesn’t work out. Ultimately, t he
endline goal of this intervention is to improve the welfare of whiteleg shrimp
(Litopenaeus vannamei). We have done as much desk research as we can, but we are
less certain that we have chosen the best intervention to improve shrimp welfare
than we would be in other cause areas with higher levels of evidence, or than we
would be if we could have visited a few farms in the most promising countries. We
are most certain that we want to see an organization working on shrimp welfare,
but less certain about what intervention this organization should work on, what
approach they should take, and where this work should be done. The table below
summarizes this.
Component

Certainty
level

Notes

Whiteleg
shrimp

Very high

This is the component of the intervention that we are most
certain about: we would like to see an organization working for
shrimp.

Dissolved
oxygen

Medium-high

We have modeled this intervention in our 80h report as we think
that this is a good bet at an intervention that will improve shrimp
welfare.

Eyestalk
ablation

Medium

This intervention seems a promising alternative to dissolved
oxygen that we have not researched this year.

Vietnam

Medium-high

Working in Vietnam looks very promising when subsidizing
aeration to improve dissolved oxygen levels. Even if not working
on dissolved oxygen, Vietnam would be a good bet due to its high
production of shrimp, but it might not be the most promising
location for all intervention ideas.

Asia

High

Five out of seven of the top shrimp producing countries are in
Asia, so it seems very likely that work on shrimp welfare will be
done in Asia.

Subsidization

Medium

Subsidization has a direct path to impact, but it is less explored in
the animal movement and has lower expected cost-effectiveness
than other approaches. Subsidization looks promising in the
short-term for improving dissolved oxygen as it has more
potential for control than other approaches. However, another
approach might be more promising in the longer term for
dissolved oxygen or another intervention.
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Training

Medium-low

This approach involves training farmers to appropriately aerate
ponds to levels optimal for welfare, rather than subsidizing the
cost of aeration. This seems less promising than subsidization.

Corporate
campaign

Medium

A corporate campaign looks more promising for eyestalk ablation
than for dissolved oxygen (due to the lack of control over stocking
density increases for DO). A corporate campaign against the use
of eyestalk ablation could be a good “foot-in-the-door” for
shrimp welfare.

Governmental
campaign

Medium-low

The main issue with government campaigns is the potential lack
of enforcement and the lack of control over stocking density
increases for DO.

Description of the intervention
The intervention explored in this report involves working with farmers to improve
dissolved oxygen levels on their farms to levels that are optimal for shrimp welfare.
Dissolved oxygen (DO) is simply the amount of oxygen dissolved in the water [ 1]. It
is the most important aspect of water quality as non-optimal levels can cause high
levels of stress to the shrimp who struggle to breathe, and can also result in lower
survival [ 2]. We have modeled this intervention as training farmers on how to
properly manage dissolved oxygen and subsidizing the cost of aeration (i.e. mostly
the electricity costs of running aerators, as most farmers already have aeration
equipment on their farms [ 3]). Other approaches will be explored in the
implementation report.
Whiteleg shrimp (Litopenaeus vannamei) looks to be the most promising shrimp
species for this intervention to focus on given the scale at which it is farmed [ 4].
Vietnam seems to be the best choice for the country of implementation as current
dissolved oxygen levels on farms are likely below optimum due to farmer’s poor
technical controlling capability caused by rising temperatures. Farmers struggle as
dissolved oxygen is especially difficult to manage during the hot weather and
resulting salinity increases in earthen ponds. We believe that farmers would be
willing to work with a new charity to improve the water quality standards on their
farms as they are looking for assistance to strengthen their climate change
resilience [ 3]. Managing dissolved oxygen is a part of this.
When thinking about starting this organization it is important to remember that
this intervention still looks promising given some stocking density increases. We
have modeled a stocking density increase that is 25% of the maximum possible
increase given improved aeration. The intervention still looks promising under this
assumption. We think that 25% is a reasonable assumption given that the potential
reasons for not increasing stocking density to the maximum are quite compelling,
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but the intervention is quite sensitive to this parameter. Therefore it is important
for the entrepreneurs that start this charity to keep this potential stocking density
increase in mind. They may have to pivot away from this intervention if the stocking
density increase is higher than we have modeled.
One potential intervention that should be considered if it is necessary to pivot away
from water quality is preventing the use of e
 yestalk ablation to improve the fertility
of shrimp.
Note: We are aware that Rethink Priorities is also researching shrimp and prawns. If
they conclude that other interventions look as promising as (or more so than) water
quality, we will further research their potential and either pivot to them or combine
these interventions with a water quality ask.

Summary conclusion
Taking all of the information from the four methodologies into consideration, this
intervention seems very promising. It scored well under all criteria, and it scored
better relative to all other interventions we have considered this year in all areas.
The table below offers a step-by-step summary of our research process for this
intervention and the main takeaways from each stage. Color-coding reflects how
well the intervention performed at each stage. The idea sort, idea prioritization,
supporting reports, and related reports involve background research prior to this
report that will not be considered in the final decision on the promise of this
intervention.

Report type
Idea sort

Summary results

Deeper
reading

During the idea sort, this idea showed promise: it was in the top 22 of

Full report

395 total ideas, scoring well in all areas.

Process

Idea

After two hours of researching improving dissolved oxygen levels of

Full report

prioritization

shrimp farms using the weighted factor model methodology, it was

Process

one of our highest priorities for more in-depth research as it was
among the top eight ideas.
Prior view

This 80-hour report begins with a prior view, which summarizes the

(section 1.)

lead researcher’s expectations before starting in-depth research. At
this stage, we thought this intervention would be very promising if

Process
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we could find a country with high production where crustaceans are
farmed in systems where water quality is currently poor and easy to
affect.
Informed

Informed consideration occurs at two stages of our research process:

consideration

the start and the end. Two sections in the report reflect this

(section 2.)

chronology. At this first stage, we explore what factors are likely to

Process

drastically affect the intervention (crucial considerations). We: i)
considered which crustacean this intervention should focus on,
finding shrimp to be most promising; ii) researched the production
systems used in shrimp farming in the top five shrimp producing
countries; iii) conducted a comparative analysis of the effects of
different water quality parameters on shrimp welfare; iv) considered
which of the top five shrimp producing countries this intervention
should be implemented in; and v) evaluated the impact that
COVID-19 will have on this intervention. Overall from this
perspective, the intervention looked promising, mostly from an
update on the most common production system used for shrimp
farming.
Expert view

After examining crucial considerations, we discussed the

(section 3.)

intervention with experts including ministry representatives,

Process

academics, and advocates. Broadly ~71% of experts thought working
with farmers to improve dissolved oxygen levels on their farms
looked promising and were interested in a charity being started in
this field. Those who were concerned about this intervention were
worried about whether this intervention could be net-negative as it
may allow for increased stocking densities, and were uncertain about
India as the country of implementation. As a result, Vietnam was
chosen as the country of implementation.
Weighted

The next stage of our research involves a weighted factor model. We

factor model

score the intervention based on preset criteria and weightings, and

(section 4.)

generate a causal chain. In this case, improving dissolved oxygen
levels performed well, with an overall weighted score of 33/50. The
score can be broken down as follows, with the weighting of each
criterion in parentheses: 6/10 for strength of the idea (2), 7/10 for
limiting factors (1.5), 7/10 for execution difficulty (1), and 7/10 for
externalities (0.5).

Process
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Cost-effective

In our cost-effective analysis, we quantify welfare in terms of dollar

Supplement

ness analysis

cost. Our findings suggest that improving levels of dissolved oxygen

A

(section 5.)

on shrimp farms is a cost-effective way to reduce suffering, even

Process

when accounting for a potential increase in stocking density. We
expect to be able to affect more welfare points when subsidizing
aeration as it seems likely that the probability of success will be
higher. With subsidization, we expect this intervention to affect 87.8
welfare points per dollar (considering co-founder and funding
counterfactuals).
Informed

The second part of our informed consideration closes the report. This

consideration

internal contemplation allows researchers to reflect on the data and

(section 6.)

evidence gathered throughout the process. In this writeup, the lead

Process

researcher and director of research summarize key conclusions and
offer overall thoughts on working with farmers to improve dissolved
oxygen as an intervention.
Supporting

Three supporting reports are relevant for this intervention. Our

Supplement

reports

weighted animal welfare indexes on big and small crustaceans

B

(Supplement B) suggest that these are likely priority animals. The

Why focus

“Why focus on animals?” report details why we think animal

on animals?

advocacy is a high-impact area on which to focus.
Related

The 2019 report “Improving Environmental Conditions”, which

reports

found improving management of dissolved oxygen levels for fish to
be promising, is the reason we considered this similar intervention
for crustaceans.

2019 report
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1 Prior view
This brief section summarizes our team’s thoughts on this intervention before
starting in-depth research.
This intervention is very promising in the abstract, but we are concerned about how
promising it is in reality.
This intervention could be promising if we can find a good country to implement in
(i.e., one with high production where crustaceans are farmed in systems where
water quality is currently poor and can be easily affected). We are concerned that
this might be difficult to find, though, as during the two-hour shallow research
phase, it seemed as if most crustacean farming is performed in sea cages.
At this stage of the research, our subjective likelihood of recommendation was:

This probability estimate assumes that:
●

Two animal advocacy ideas (from the 2020 research round) will be
recommended at the end of the research process, so being recommended is
equivalent to being in the top two ideas.

●

With no prior information, each idea is equally likely to be recommended.
Because we plan to consider 7 ideas in total, this means the prior probability
is 2/7 * 100 = 29%.

●

Because this intervention came out very promising in the previous stage of
the research, we have updated the likelihood of recommendation to 70%.

●

The 95% confidence interval represents how sure we are that there is a 70%
chance this idea will be in the top two ideas. At this stage we had not done
very much research in this area, though there are some strong indications
that this is a good idea, such as how good of an intervention this is for farmed
finfish.
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1.1 Informed consideration
The impact of this intervention would rely on whether or not crustaceans are
farmed in systems where water quality can be affected (i.e., not in systems such as
sea cages) in the top producing countries.

1.2 Expert view
We expect experts to be positive about this intervention as it tackles chronic
suffering, which experts tend to favor over interventions which tackle acute
suffering. Experts may be more supportive of this intervention if it is directed at big
crustaceans (crabs, lobsters, and crayfish) rather than small crustaceans (shrimps
and prawns), as we are more certain that big crustaceans are morally significant.

1.3 Weighted factor model
The strength of the idea will be capped by the evidence base for the effect of water
quality parameters on crustacean welfare, which is less strong than the evidence
base for the effect of water quality parameters on finfish. Additionally, the right
level for crustacean welfare of several key water quality parameters is not fully
understood.

1.4 Cost-effectiveness
This intervention stands to be very cost-effective, as a similar intervention –
improving water quality for farmed fish – is very cost-effective [ 5].
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2 Informed consideration:
Crucial considerations
After the prior view, we began the research process by identifying crucial
considerations for this intervention. In this early phase, we considered:
●

which species of crustacean to work on;

●

what production systems these priority crustaceans are farmed in;

●

which water quality parameter to work on;

●

which of the top five producing countries has the worst water quality levels
currently;

●

how the COVID-19 pandemic will affect the promise of this intervention.

2.1 Which species of crustacean should we work on?
The groups of crustaceans we considered working on for this intervention were
lobsters, crayfish, crabs, shrimp, and prawns. The decision of which group to
prioritize was a trade-off between the higher probability of sentience and likely
worse lives of the big crustaceans (lobsters, crayfish, and crabs) and the higher
quantity of production of the small crustaceans (shrimp and prawns).
To make this decision we tried to model the total lifetime w
 elfare points we could
stand to affect when working with any of these groups. This measurement allows us
to compare conditions for various animals so we can most effectively allocate
resources. The calculation included the number of individuals farmed globally, the
probability of sentience, and the welfare point score of these groups (categorized by
“big” and “small” crustaceans). Even when accounting for a lower probability of
sentience and a better quality of life, shrimp seems to be the most promising group
to work on given the huge scale at which they are farmed. The total lifetime welfare
points we could stand to affect by group, in descending order, are as follows [6]:
1. Shrimp* - 1.2 trillion welfare points
2. Crayfish - 270 billion welfare points
3. Prawns* - 220 billion welfare points
4. Crabs - 56 billion welfare points
5. Lobster - 470 million welfare points
With shrimp as the chosen crustacean, the species to prioritize is an easy choice. In
2017, whiteleg shrimp (Litopenaeus vannamei) made up ~59.9% of global shrimp
aquaculture production [ 4] and ~95.4% of shrimp aquaculture production in the top
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five shrimp producing countries (China, India, Indonesia, Vietnam, and Ecuador)
[7]. Therefore, this intervention will target whiteleg shrimp.
* Note that shrimp and prawn are sometimes used interchangeably. We categorize “shrimp” as
any species with “shrimp” in their name on f ishcount.org and “prawn” as any species with
“prawn” in their name on f ishcount.org.

2.2 What production system is most commonly used to
farm whiteleg shrimp?
We limit our scope for this consideration to the top five shrimp producing countries:
China, India, Indonesia, Vietnam, and Ecuador. We use the following definitions of
extensive, semi-intensive, intensive, and super-intensive from the FAO [8]:
●

Extensive: 4–10 PL/m²

●

Semi-intensive: 10–30 PL/m²

●

Intensive: 60–300 PL/m²

●

Super-intensive: 300–450 PL/m²

Country
China

Production type of whiteleg shrimp
Intensive [ 9]

Production system
Mostly earthen ponds,
though liners made of
plastic or concrete may be
used in intensive systems
[9]

India

Semi-intensive and intensive [10]

Pond-based brackish water
farms [ 11]

Indonesia

Semi-intensive and intensive [12]

Concrete or
polyethylene-lined ponds
[13]

Vietnam

Intensive and super-intensive [ 14]

Intensive production can be
found in earthen ponds and
super-intensive production
can be found in indoor
ponds located in
greenhouses [14]

Ecuador

Extensive and semi-intensive [15], and

(Coastal?) Ponds [ 15]
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there is some evidence that there is
also intensive production [16].

2.3 Which water quality parameter should we work on?
Unlike for finfish, there does not seem to be any comparative literature that
considers what water quality parameter is most important for shrimp welfare.
Instead we can only find studies considering the effects of dissolved oxygen on
shrimp welfare, claiming that dissolved oxygen is the most important parameter for
welfare; and studies considering the effects of salinity on shrimp welfare, claiming
that salinity is the most important parameter for welfare. Therefore, we had to
conduct our own comparative analysis. To do this we considered the effects of
different water quality parameters on various indicators of welfare. The water
quality parameters considered were dissolved oxygen, temperature, ammonia, pH,
and salinity. The welfare indicators considered were cortisol, mortality rate, growth
rate, disease rate, feed conversion ratio (FCR), and swim speed* [ 17]. It is important
to note that we struggled to find many studies evaluating the effects of these water
quality parameters on indicators that producers do not care about (e.g. cortisol
levels). A summary of the estimated effect on each welfare indicator for all water
quality parameters considered can be found in the table below.
Welfare indicator
Parameter

Cortisol levels

Mortality rate

Growth rate

Disease rate

Feed
conversion
ratio (FCR)

Swim speed

Dissolved
oxygen

N/A

~14.8%
decrease in
mortality given
a 1 mg/L
increase in DO

Final weight
increases by
~2.2g given a 1
mg/L increase
in DO

N/A

FCR improves
by 0.28:1 given
a 1 mg/L
increase in DO

N/A

Temperature

N/A

Increasing
temperature
between 20-25
°C decreases
mortality by
~3.12% given a 1
°C increase in
temperature.
Past this,
mortality
increases by
~7.9% per °C

Growth rate
increased by
~0.24 given a 1
°C increase in
temperature

N/A

Small and
medium shrimp
do not seem to
be affected, but
large shrimp
have their most
efficient FCR at
23 °C, and
temperatures
higher and
lower than this
worsens FCR

Ucrit
increased as
temperature
increased
from 17 to 29
°C

Ammonia

N/A

Increasing the
ammonia
concentration
between 13-19
mg/L increases

Shrimp weight
and length were
lowest under
ammonia
concentrations

There were no
significant
differences in
various
immune

N/A

N/A
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mortality by
~9.8% given a 1
mg/L increase
in ammonia

of 13 and 19
mg/L.
Maximum
growth was
observed at 0
and 6 mg/L

parameters in
the range of
0.01 to 21.60
mg/L

pH

N/A

Outside of the
5-9 pH range, a
change in the
pH level of 1 pH
increases
mortality by
~98.5%. Inside
of the 5-9 pH
range, a change
in the pH level
of 1 pH
increases
mortality by
~3.7%

The final weight
remained fairly
stable within
the 5-9 pH
range, but the
growth rate
increases as the
pH increases
within this
range

N/A

Within the 5-8
pH range, the
FCR improves
by ~0.62:1 as
pH increases by
1

N/A

Salinity

N/A

One study found
a not
statistically
significant
mortality effect
from different
salinities.
However, other
studies found
that morality
increases by
~0.9% with a
1% salinity
increase

One study found
a not
statistically
significant
growth effect
from different
salinities.
However,
another study
found that
growth rates
increase by
~0.6% as
salinity
increased from
4% to 32%

N/A

One study
found a not
statistically
significant FCR
effect from
different
salinities

N/A

From this analysis it seems that dissolved oxygen is most important for shrimp
welfare as it has the most significant effects on the welfare parameters we have
considered, though temperature seems like a close second. We have chosen to model
managing dissolved oxygen for this report, but our implementation report will
further explore whether we should recommend pairing this with another water
quality parameter (e.g. temperature), or working on water quality more generally,
not dissolved oxygen specifically, or working on another shrimp welfare ask. We are
keeping this open as an option for two main reasons: 1) we are aware that all water
quality parameters interact with one another, which could mean that working on
dissolved oxygen in isolation is not the best approach; and 2) dissolved oxygen
might currently look to be the most promising parameter to work on as it is the
most studied, rather than because it is objectively the best. We will keep these
limitations in mind, consider them further in the implementation report, and make
the charity entrepreneurs aware of these issues such that they can pivot if new
evidence moves away from a focus on dissolved oxygen in isolation.

CE Research Report: Animal Welfare  - S
 hrimp Welfare, 2020

Page 16

*Note: In some cases active swimming is a sign of stress [18], so we must carefully analyze any
studies considering swim speed as a welfare indicator.

2.4 Which country should we work in?
To make this decision, we considered existing water quality standards in the top five
shrimp producing countries and how far these standards are from optimal. This is
summarized in the table below for adult individuals.
Indonesia

Vietnam

[19]

[20]

N/A

3-6*

≥3.5

N/A

N/A

N/A

N/A

18-33

N/A

N/A

N/A

N/A

<0.3

N/A

Parameter

Optimal

China

India

DO (mg/L)

4-9

N/A

Temperature (ºC)

20-32

Ammonia (mg/L)

<0.03-1

Ecuador

7-9
fluctuating
pH

6-9

N/A

N/A

N/A

not more

N/A

than 0.5 in
a day
Salinity (ppt)

0-35

N/A

N/A

N/A

N/A

N/A

* Note: It does not seem like this is an actual enforceable standard of dissolved oxygen, but on the
aquaculture agency’s website it states “the dissolved oxygen requirement for optimal shrimp farming ranges
from 3-6 ppm”. However, we found a study which suggests that the mean dissolved oxygen levels on
intensive farms in Indonesia is 4.84 mg/L [21]. It could very well be that many shrimp farmers are aware of
this 3-6 mg/L recommendation and as such that dissolved oxygen is optimal on these farms.

As shown in the table above, it seems as if most of the top five shrimp producing
countries do not have enforceable water quality standards. We did find effluent
water quality standards for all countries other than China and Indonesia, but these
standards will likely not accurately represent water quality during production as
wastewater is often treated before being discarded.
These findings may suggest that non-optimal dissolved oxygen is more of an issue
in countries where we could not find existing water quality standards, or at least
that dissolved oxygen is less of a neglected issue in those countries where we did
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find water quality standards. However, we remain uncertain as to which country
seems best to work in, other than noting that India seems most promising to do
animal advocacy work generally [22]. We will use experts to try and answer this
question later in the process.

2.5 How will the COVID-19 pandemic affect the promise
of this intervention?
Note: The considerations outlined below are not exclusive to this specific
intervention and are likely to affect any intervention that places greater standards
on shrimp production.
It is likely that the COVID-19 pandemic has negatively affected the promise of this
intervention. It seems as if shrimp farmers will be less willing to make welfare
improvements as they try to get back on their feet after being one of the hardest-hit
sectors of the coronavirus outbreak [23]. Demand for shrimp has been volatile since
the pandemic began, and the economic slowdown caused by the pandemic is likely
to have affected “those [animal products] more commonly consumed outside (like
fishes in some countries) and economically valuable crustaceans (i.e., lobsters,
crabs, and shrimps).” [24] However, we expect that these effects are likely
temporary.
In Vietnam, there is mixed messaging as to whether the pandemic has positively or
negatively affected the shrimp sector. Some Vietnamese news sources have
suggested that the pandemic could be a good thing as many markets have reduced
shrimp imports from China, stating that this could be an opportunity for
Vietnamese shrimp exports to grow in these markets [ 25]. Other sources have
suggested that the pandemic has “resulted in multiple companies in China halting
their purchases of Vietnamese products” which has “forced” Vietnamese products
to seek new destinations [26], which does not look as positive as Vietnamese news
sources are suggesting.
It is also important to note that it could initially be difficult for charity
entrepreneurs to get onto farms to work with farmers with lockdown and social
distancing rules in place. Again, we expect this to only be temporary and therefore
will not have a relevant long-lasting effect.
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3 Expert view
This section summarizes conversations between the lead researcher and a range of
experts, including advocates, academics, and industry representatives.
Overall, the seven experts held mostly positive views about the promise of working
with farmers to improve dissolved oxygen levels: ~71% had a positive view and
~29% a negative view. The concerns of these critics were the potential for increased
stocking density as a result of better dissolved oxygen management making this
intervention net-negative for shrimp welfare, and that Indian farmers would likely
be unwilling to work with a new charity to improve the water quality standards on
their farms.
The main update from this methodology is that Vietnam looks to be the most
promising country for implementation. We went into these expert interviews
without a real sense of which of the top five producing countries would be best to
work in. After speaking with Zuridah Merican, we narrowed down from this top five
to India and Vietnam, as Zuridah said that water quality is more of a constraint for
shrimp farmers in these countries than in China, Indonesia, and Ecuador. Following
this, we spoke with an agricultural scientist from India and a contact from the
Ministry of Agriculture and Rural Development from Vietnam. Our conversation
with an agricultural scientist in India updated us away from working in this country
as it seems water quality is already well managed, and farmers may be unwilling to
work with a new charity. This left Vietnam as our best option. We were also updated
further towards working in Vietnam after our conversation with our contact from
the Ministry of Agriculture and Rural Development. They reported that dissolved
oxygen levels are often below optimum on farms and that farmers would be willing
to work with a new charity to improve dissolved oxygen levels as this will help them
overcome an issue caused by climate change, which lowers oxygen levels through
increasing temperatures.

Phil Brooke
Profile: Phil works as Research Manager for Compassion in World Farming. He was
contacted to get the opinion of an animal advocate on the promise of improving
dissolved oxygen levels for farmed shrimp.
Summary: Phil mentioned that although providing aeration equipment might
temporarily help the shrimp in the farm, it may also allow farmers to keep the
shrimp at higher stocking densities to the overall detriment of their welfare.
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Because of this, Phil thought that encouraging the purchase of humane stunning
equipment would be more promising.
More information can be found in the c onversation summary.

Olivier Decamp
Profile: Olivier is an academic who has written many papers on the effects of
various water quality parameters on shrimp welfare. He is also a segment director at
INVE Aquaculture, which develops technology and products to aid the aquaculture
industry. He was contacted after reading his paper “Effect of salinity on natural
community and production of Litopenaeus vannamei (Boone) within experimental
zero-water exchange culture systems” to get his opinion on water quality as an
intervention. We also wanted to ask whether effluent water quality is representative
of water quality throughout production (as for some of our countries of interest we
could find effluent water quality standards but not general water quality standards).
Summary: Olivier thinks that farmers know they need to maintain dissolved oxygen
at an acceptable level as this message has been given to them by government
agencies, consultants, opinion leaders, and private companies. For those farmers
that are not managing dissolved oxygen, a new charity may need to help them
analyze these parameters and advise them on ways to cost-efficiently maintain the
required levels of dissolved oxygen. It is also important to note that farmers might
not currently have aeration equipment as energy cost and/or access is a critical
barrier in most countries.* Olivier also noted that effluent water quality standards
are not representative of water quality during production as wastewater should be
treated before being released.
More information can be found in the c onversation summary.
* Note: This does not appear to be the case in Vietnam, our likely country of implementation, as
most farmers already have aeration equipment [3].

Zuridah Merican
Profile: Zuridah is editor and publisher of a prominent aquaculture magazine, AQUA
CULTURE Asia Pacific. Olivier Decamp connected us with Zuridah as someone who
would be able to answer questions about the promise of working on water quality in
Asia specifically.
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Summary: Zuridah suggested working in Vietnam or India as water quality is an
important constraint for shrimp farmers in these countries, more so than in China,
Indonesia, and Ecuador. She stated that farms that do not have optimal levels of
water quality likely have problems because of poor knowledge or the costs of
maintaining optimal water quality levels.*
More information can be found in the c onversation summary.
* Note: Here Zuridah was commenting on shrimp aquaculture in Asia in general. In Vietnam, it
seems that dissolved oxygen is reducing below optimum due to farmer’s poor technical controlling
capability [3].

An anonymous agricultural scientist from India
Profile: This agricultural scientist did not want to be named or their conversation
summary shared. They were contacted to learn about shrimp farming in India. We
were particularly interested in current conditions on farms.
Our team’s major updates after this conversation: Dissolved oxygen levels in India
appear to be optimal for welfare, so this intervention may not be necessary. It also
seems as if farmers would be unwilling to work with a new charity, as the
aquaculture sector in India is self-reliant and self-sustaining.

An anonymous contact at the Ministry of Agriculture and Rural
Development
Profile: A warm introduction was made to a contact at the Ministry of Agriculture
and Rural Development as we wanted to learn about shrimp farming in Vietnam. We
were particularly interested in current conditions on farms.
Summary: Dissolved oxygen often ranges from 2 to 4mg/L, but dissolved oxygen is
becoming increasingly hard to manage due to climate change which, for example,
decreases the levels of dissolved oxygen by increasing the temperature of the water.
Farmers in the Mekong Delta region would be especially interested in working with
an NGO that can help them strengthen their climate change resilience. Managing
dissolved oxygen is a part of this.
More information can be found in the c onversation summary.
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Claude Boyd
Profile: Claude is a professor at the International Center for Aquaculture and
Aquatic Environments who has been involved in many studies concerning water
quality and welfare. He was contacted to learn more about the interaction between
aeration and stocking densities.
Summary: Claude stated that stocking densities will increase by 400-500 kg/ha for
every 1 hp/ha of aeration. At a harvest weight of 18g per shrimp, this increase in
yield would require an additional 22,222-27,778 PL/ha or 2.2-2.8 PL/m2
(independent of current survival rates on farms).
More information can be found in the c onversation summary.

Andrew Ray
Profile: Andrew is an Associate Professor at the Kentucky State University
Aquaculture Research Center. He was contacted to get his opinion on water quality
as an intervention.
Summary: Andrew stated that water quality is the most important factor for shrimp
welfare, both in the abstract and in practice on shrimp farms (i.e. water quality is a
big concern for shrimp farmers).
More information can be found in the c onversation summary.
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4 Weighted factor model
In this stage of research, we scored this intervention based on preset criteria and
weightings. We also generated a causal chain.
Overall, the weighted factor model suggests that improving dissolved oxygen is
likely to be one of the top interventions we have considered as it performs well
across all criteria of the weighted factor model.
This graphic shows the score of the intervention in each area:

4.1 Strength of the idea
Score: 6/10
The evidence base for the effects of ‘non-optimal’ dissolved oxygen levels on
shrimp welfare (where optimal is defined as 4 to 9mg/L, the level we believe to be
best for whiteleg shrimp welfare) is similar in quality and quantity to the evidence
base for the effects of other water quality parameters [ 17]. The evidence base was
more consistent for dissolved oxygen than for other parameters, however. Of the
studies that we could find on evaluating dissolved oxygen, all suggested that
whiteleg shrimp are sensitive to ‘non-optimal’ dissolved oxygen levels. The
evidence base is more mixed for other parameters. With respect to salinity, for
instance, we found four studies suggesting that whiteleg shrimp are sensitive to low
levels of salinity, but also found evidence suggesting no significant differences in
mortality rates, feed conversion ratio (FCR), or growth rates at different salinities.
We were able to find studies exploring the effects of differing levels of dissolved
oxygen on mortality rates, FCR, and growth rates of farmed whiteleg shrimp.
However, we were unable to find studies exploring the effects of differing levels of
dissolved oxygen on welfare indicators that farmers would have less interest in,
such as cortisol levels, disease rate*, and swim speed. We would like to see more
research on these indicators to increase our confidence in improving dissolved
oxygen levels as an intervention to improve shrimp welfare.

Page 22

CE Research Report: Animal Welfare  - S
 hrimp Welfare, 2020

This intervention is likely to be cost-effective (discussed further in the following
section, C
 ost-effectiveness analysis). We expect improving dissolved oxygen levels
to affect a large number of welfare points (12 to 22 welfare points per year [27]), and
due to the large number of individual shrimp that can be found on any given farm in
Vietnam - we have estimated that there are approximately ~1.5M shrimp per farm
[28].
* Note: we do not know to what extent farmers care about disease rates in themselves, but
certainly farmers care about disease rate insofar as it affects production (e.g. disease outbreaks
have been a major problem in shrimp aquaculture, especially in Asia [29]).

4.2 Limiting factors
Score: 7/10
Talent, counterfactual replaceability, and the size of the problem are unlikely to be
limiting factors in the short or long term.
We are currently unsure whether this intervention would be easy or difficult to
fundraise for. OpenPhil and the EA animal welfare fund have previously given
funding to crustacean interventions. OpenPhil gave the Humane Slaughter
Association funding to “support research to improve the welfare of farmed...
decapod crustaceans (crabs, lobsters)” [30], and the EA animal welfare fund gave
Crustacean Compassion funding to extend the legal protections of the UK Animal
Welfare Act to decapod crustaceans like crabs and lobsters [31]. Although this could
be taken as a positive update for funding availability, these grants have been
focused solely on “big” crustaceans, or both “big” and “small” crustaceans, not
just “small” crustaceans. We cannot be sure that funders would be willing to fund a
charity focused on shrimp as they are generally considered less morally significant
than bigger crustaceans like lobsters. It is important to note, however, that very few
organizations currently work on shrimp welfare.
We should not take this lack of funding as a very serious update, as it could be the
case that these interventions would be well funded if they existed. This seems to be
the case given a recent request for proposals from the EA animal welfare fund. The
request aims to solicit applications that its fund managers feel particularly excited
about, listing areas and subareas of particular interest to the fund managers. One of
these areas is “Efforts that aim to improve the welfare of neglected farmed animals
such as fish, or invertebrates, especially shrimp and prawns” [32].
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The biggest limiting factors we expect this intervention to face are logistical
bottlenecks and the barriers of (likely) Western co-founders working in a
non-native country. The main logistical bottleneck is that it is a long and difficult
process to register a nonprofit organization in Vietnam. This could slow down or
inhibit the charity’s progress [ 33], especially if farmers are less willing to work with
the entrepreneurs without registration. The main barrier that arises when running
an organization in Vietnam with non-native co-founders is that English proficiency
is low in the country [ 34]. We expect that to make significant progress here the
entrepreneurs will need accessibility to Vietnamese, which will likely come from a
local hire. Other barriers including the potential lack of cultural knowledge can also
be overcome by making a local hire early on.

4.3 Execution difficulty
Score: 7/10
The nonprofit registration process in Vietnam could be a barrier that prevents the
intervention from starting well.
The main challenge that this organization could face in running well is a low uptake
of the intervention from farmers. We think it likely that farmers would be more
interested in working with a new charity if the charity offered to subsidize the costs
of aeration. These subsidization costs seem reasonable, so the charity should have
little difficulty fundraising enough money to cover this. We have also recommended
this intervention be started in Vietnam as it seems as if Vietnamese farmers would
be open to working with NGOs on welfare improvements [3].
The feedback loops should be fairly quick in most cases. Metrics of success are easy
to measure: for example, mortality rates and cortisol levels are informative even if
taken only once (although dissolved oxygen should be controlled daily, and
measured at least twice daily). It is also important to remember that mortality rates
and cortisol can fluctuate due to factors other than the oxygen level, so these
measures might not be perfect.

4.4 Externalities
Score: 7/10
Skills and lessons gained through this intervention would be transferable to
outreach and cooperation in other industry-type interventions. Although the
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nonprofit field for shrimp welfare is currently non-existent, it seems it would be
relatively easy to establish. Also, as this intervention will likely be implemented in
Vietnam it could positively contribute to building the animal advocacy movement in
an important neglected country.
One of the most important indirect effects for this intervention is that since
improved dissolved oxygen levels decrease mortality, farmers need to stock fewer
shrimp in their ponds at the beginning of production to get the desired tonnage of
shrimp at the end of production. Therefore, this intervention could spare shrimp
lives. However, better dissolved oxygen management in intensive systems could
also facilitate even more intensive farming. If water is reliably oxygenated, you can
keep the shrimp at higher stocking densities to the overall detriment of their
welfare. We have estimated that there will be a 100% likelihood that farmers will
increase stocking densities by 25% of the maximum possible given improved
aeration as a result of this intervention. It might intuitively seem as if increasing
stocking densities by the maximum possible would be the obvious choice for
farmers as it could increase profitability. However, there are some good reasons
farmers might not choose to increase stocking density:
●

More feed will be necessary. At a typical feed conversion ratio of 1.5, an
additional 600-750 kg feed/ha/crop would be necessary for 400-500 kg/ha
more shrimp [35]. On top of this, feed is expensive in Vietnam, where the feed
price is 10-15% higher compared to other countries [36].

●

The costs of other inputs, maintenance, and labor may also rise. Since most
farms are owned by families rather than corporations, farmers might not be
able to make this kind of investment [ 37].

●

Fears of disease rate increasing, which becomes more of a problem as
stocking densities increase [38].

●

Stocking density also influences the size of the shrimp at harvest. That is, in
more crowded farms, shrimp typically grow smaller [39]. So when adjusting
stocking density farmers will have to consider the shrimp sizes required by
the market.

●

Difficulty managing dissolved oxygen levels is only one of the many
challenges farmers have to deal with. Better dissolved oxygen management
thus does not mean that farmers can just increase stocking densities as
increased stocking densities could exacerbate other existing issues. Find out
more about the other issues faced by Vietnamese farmers in this conversation
summary.

Although this intervention still appears to be cost-effective when modeling possible
stocking density increases, it is also worth it for the entrepreneurs to consider
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making subsidization conditional on a maximum stocking density increase. For
example, the charity would only subsidize aeration if stocking density is not
increased, or the level of subsidization could depend on the stocking density
increase. We will consider this point further in the implementation report, and will
likely recommend the entrepreneurs keep this as an option to consider once they
have more experience on farms, and with whether farmers hope to increase
stocking density. Another option that the entrepreneurs should keep in mind and be
prepared to do if need be is pivot away from this intervention (or shut down the
organization entirely) if it turns out that farmers are increasing their stocking
densities by too much.

4.5 Causal chain
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5 Cost-effectiveness analysis (CEA)
This section summarizes our CEA, which weighs the likely cost of this intervention
against the likely good accomplished. To quantify impact for animal welfare
interventions, we use a system of welfare points (adjusted for probability of
sentience and expected lifespan). Our cost-effectiveness analyses quantify the
number of such welfare points we expect to affect per dollar spent.
This CEA models the impact of improving dissolved oxygen levels for farmed
whiteleg shrimp in Vietnam. This approach is not necessarily recommended as a
path forward for entrepreneurs, but was chosen to provide a rough sense of the
cost-effectiveness of working on shrimp welfare. Entrepreneurs may pivot based on
their own research: for example, they may instead work to prevent eyestalk
ablation, another potentially promising intervention for shrimp welfare.
Detailed discussion of the CEA is laid out in Supplement A.

5.1 Overview
Improving dissolved oxygen levels for farmed whiteleg shrimp may affect a total
of ~87.8 welfare points (WP) per dollar when subsidizing aeration (considering
co-founder and funding counterfactuals).
Without subsidization, this intervention looks less promising. It is less likely to
succeed and entails a greater risk that farmers increase stocking densities, which
could harm shrimp welfare in aggregate. We have nonetheless included the figures
in this section for reference.
WP without

WP with

subsidization

subsidization

With counterfactuals

-36.2

87.8

Without counterfactuals

117.8

207.3

Model

Google
Sheets

We took into account the following factors in our CEA:
●

Probability of success

●

Affecting factors

●

Direct effects

●

Indirect effects

●

Costs
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●

Counterfactuals

●

Years operating

●

Where our CEA could go wrong
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Our considerations for these issues are laid out in the sections below. Further
discussion can be found in S
 upplement A.

5.2 Probability of success
These percentages are an average of the probabilities of success given by our team
for each scenario:
Without subsidization: 20%
With subsidization: 50%
We expect it to be easier to convince farmers to work with a new charity if the costs
of aeration are subsidized.

5.3 Affecting factors
Affecting factors are the variables that could change cost-effectiveness the most.
The table below shows the impact of affecting factors in each scenario.
The r2 value used here for each factor shows how much of the variance in
cost-effectiveness is explained by variance in that factor. That is, using an example
from the table below, if the total WP loss is changed, this will change the
cost-effectiveness of the intervention by a moderate amount when subsidizing
farmers to make these welfare improvements. Factors are color-coded to reflect the
extent to which they alter cost-effectiveness, from red (does not change
cost-effectiveness) to green (significantly changes cost-effectiveness).
Total WP
2

Without
subsidization
With
subsidization

Total WP
2

Charity costs

affected (r )

loss (r )

per year (r2)

0.33

0.31

0.25

0.17

0.51

0.16
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5.4 Direct effects
Detailed figures for the following considerations (including ranges) can be found in
our Guesstimate model.
To calculate the direct effects of improving dissolved oxygen levels, we took into
account:
●

The lifespan of a shrimp on a Vietnamese farm

●

Welfare points affected when improving dissolved oxygen levels

●

Average number of shrimp per farm

●

Number of farms a charity can work with in its first year

●

Number of farms a charity can work with each additional year

Putting these all together, we estimate that we could affect 2.8 billion welfare points
when improving the dissolved oxygen levels for 640 million shrimp. All of the
welfare points gained for this intervention come from these direct effects.

5.5 Indirect effects
Detailed figures can be found in our G
 uesstimate model.
To calculate the indirect effects of improving dissolved oxygen levels, we focused
primarily on the welfare point loss from the potential increase in stocking density
that comes with better dissolved oxygen management. We took into account:
●

The probability that farmers would increase stocking density

●

Increase in stocking density as a fraction of the potential stocking density
increase

●

Welfare point score of a shrimp with optimal dissolved oxygen levels (as this
intervention could result in more shrimp being farmed)

●

Current stocking density

●

Difference between current and optimal dissolved oxygen levels

●

Horsepower needed to increase dissolved oxygen by the desired amount

●

Maximum stocking density increase due to better dissolved oxygen
management

Putting these all together, we estimate that increased stocking density could result
in a loss of ~142 million welfare points (~602K welfare points per farm worked
with).
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5.6 Costs
Detailed figures for the following components (including ranges) can be found in
our Guesstimate model. We calculated:
●

Staff costs: $104K
○

Based on: number of founders; founders’ salaries; number of other
staff; other staff’s salaries.

●

Logistics & administration costs: $13K
○

Based on: travel (international & domestic); office space; subscription
costs.

●

Subsidization costs: $165K across the whole ten years of operation
○

Based on: the cost of aeration per lb of shrimp, the weight of a shrimp,
the number of farms worked with, and the average number of shrimp
per farm.

Using these numbers, we estimate the following costs:
●

First year costs: $77K without subsidization, $79K with subsidization
○

Based on: co-founder salaries; international and in-country travel;
office costs; subscription costs; and the cost of subsidization (scenario
dependent).

●

Charity costs per year: $120K without subsidization, and an average of $280K
with subsidization
○

Based on: staff costs, logistics and administration costs, and the cost
of subsidization (scenario dependent).

5.7 Counterfactual costs
Detailed figures and ranges for counterfactual costs can be found in our
Guesstimate model. We calculated:
●

Co-founder counterfactuals: 38M WP without subsidization, 74M WP with
subsidization
○

Based on the value co-founders could contribute at other high-impact
organizations or through earning to give.

●

Funding counterfactuals: 7M WP without subsidization, 18M WP with
subsidization
○

Based on the amount of funding diverted per year from high- and
medium-impact charities, and the estimated impact of high- and
medium-impact charities.
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5.8 Years operating
We have assumed that this charity will operate for roughly ten years. Figures can be
found in our Guesstimate model.

5.9 Where our CEA could go wrong
We considered how our CEA could go wrong in each step. Some general potential
issues include:
●

Best guesses and value judgments: certain figures are estimates by Charity
Entrepreneurship staff. Another person could look at the same evidence and
come to a different conclusion. Those with different judgments should copy
our models and insert their own estimates. These best guesses and value
judgments include:
○

Probabilities of success

○

Probability that farmers will increase stocking density

○

Number of welfare points affected by improving dissolved oxygen
levels

○
●

Welfare point score of a shrimp with optimal dissolved oxygen

Other factors: with an 80-hour summary report, it is impossible to exhaust
every angle. There are likely factors that may affect the CEA in ways we
cannot predict. Equally, factors inherent to our modeling may influence the
results of the CEA.

For further discussion of our CEA, please see Supplement A.
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6 Informed consideration:
Internal contemplation
In this stage, we analyzed all the data and insights gathered through previous steps
in the research process. The most important conclusions from each are summarized
here, as are our team’s overall thoughts on improving dissolved oxygen levels for
farmed shrimp as an intervention.

6.1 Crucial considerations
Summary: O
 verall this intervention looks positive under the informed
consideration methodology. Our review found that dissolved oxygen appears to be
the most important water quality parameter for shrimp welfare. The main update at
this stage was a positive update toward the promise of this intervention, after
deeper research into shrimp specifically found that production mostly occurs in
ponds (not caged systems as we had initially thought). The main remaining
uncertainty at this stage was the country of implementation, as for most of the top
producing countries we could not find water quality standards to base this decision
on.
At the idea prioritization stage we were concerned that while improving water
quality seemed promising in the abstract, we would be unable to have a meaningful
impact on water quality in practice as we thought that most production took place
in cages. This concern was overcome after we chose shrimp as the crustacean to
focus on, as deeper research found that shrimp production occurs mostly in ponds
where water quality is easily modified. Since at the 2-hour stage we had not
narrowed down which crustacean we wanted to focus on yet, we were broadly
researching “crustacean production”. These results must have been skewed mostly
by results of lobster farming, which appears to most commonly occur in cage
systems. Crucial considerations research thus updated us positively towards the
promise of this intervention.

6.2 Expert opinions
Summary: Overall this intervention looks promising under this methodology. A
contact from the Ministry of Agriculture and Rural Development said that dissolved
oxygen is currently below optimal on Vietnamese farms, and that farmers would be
willing to work with a new charity to improve this. Our conversations with experts
led us to two big updates. We learned that Vietnam seems to be the most promising
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location for this intervention. This is based on the scale of production, current
dissolved oxygen levels on farms, and the fact that our contact in Vietnam believes
that farmers would be open to working with a new charity to improve their
dissolved oxygen levels. Although better management of dissolved oxygen may
result in increased stocking densities on farms, it seems unlikely that this will be
net-negative for shrimp welfare. As a result, working with farmers to improve water
quality to optimal levels still looks to be promising. We had few remaining
uncertainties after speaking with experts.
We initially planned to contact experts from all of the top 5 shrimp producing
countries, but we quickly narrowed our scope after hearing from Zuridah Merican.
She stated that water quality was the biggest bottleneck in shrimp farming in India
and Vietnam.
Our contact in India was an agricultural scientist. Our conversation with them
negatively updated us on the promise of working in India. It seems that water
quality levels are already optimal, and that farmers would be unwilling to work with
a new charity as the aquaculture sector in India is self-reliant and self-sustaining.
Our contact in Vietnam was from the Ministry of Agriculture and Rural
Development. Our conversation with them positively updated us on the promise of
working in Vietnam. They said that dissolved oxygen levels are commonly between
2 and 4 mg/L, which is below the optimal levels of 4 to 9 mg/L. Furthermore, they
stated that dissolved oxygen is becoming increasingly hard for farmers to manage
due to climate change. They thought that this would mean that farmers in the
Mekong Delta region would be especially interested in working with an NGO that
can help them strengthen their climate change resilience. Managing dissolved
oxygen is a part of this.
Our conversation with Phil Brooke from Compassion in World Farming was the first
time we seriously considered the potential that this intervention could be
net-negative for shrimp given possible stocking density increases. This negatively
updated us on the promise of this intervention. Whether or not stocking density
would increase, and if so whether this increase would make the intervention look
net-negative, became a crucial consideration to answer before we could confidently
recommend this intervention. We were lucky enough to get in contact with Claude
Boyd who helped us get a better sense of how aeration can affect stocking density.
This conversation helped us to answer our questions concerning whether this
intervention would be net-negative, and updated us away from this concern.
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6.3 Weighted factor model
Summary: O
 verall this intervention performed well under the weighted factor
model methodology, scoring 6 or 7 on all criteria. This is the most promising animal
advocacy intervention idea of those we have considered this year under this
methodology. The main update at this stage was a slight negative update against the
promise of this intervention due to the logistical bottleneck of a long and difficult
registration process to become a non-profit organization in Vietnam. The main
remaining uncertainties are also around this logistical bottleneck, as it is still
unclear how this will affect the intervention in practice.
The difficulty of registering as an organization in Vietnam only slightly negatively
updates us on the promise of this intervention. We still have some remaining
uncertainties as to how this will affect the intervention in practice:
●

Is it possible to work under organizations that are already registered in
Vietnam rather than having to spend the time and resources to register as a
new organization? This is possible in India, but we are currently unsure if the
same is true in Vietnam. If it is possible, registration is less of a barrier to
beginning implementation in Vietnam.

●

Will farmers be less willing to work with the entrepreneurs if they are not
registered as their own organization? We are uncertain on this, though our
intuition is that farmers will be unlikely to worry about this as long as we
work under another organization. If this is not possible, then this becomes
more of a worry. Perhaps the entrepreneurs can start the registration process
and farmers would be happy in the knowledge that the organization is at
least registering to become an official organization.

6.4 Cost-effectiveness analysis
Summary: T
 his intervention looks promising under this methodology, being one of
the most cost-effective that we have considered. The cost-effectiveness analysis
brought no big updates to the promise of this intervention. We decided not to model
the impact that this intervention would have on the costs of production as we
thought that the time it would take to do this well would be unjustifiable given the
20-hour time cap for this section of the research, and our assumption that the
effect on prices would likely be quite small, anyway. Also, we have modeled this
intervention using the individual farmer outreach approach as other common
approaches - corporate or governmental outreach - do not seem best for Vietnam.
The main remaining uncertainties after modeling this intervention is how likely it is
that farmers will increase stocking densities. We have currently modeled this as a
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very wide confidence interval, 30%-90% probability, and it would improve the
cost-effectiveness estimate if we had a better sense of what the true probability
would be.
There were no big updates from the cost-effectiveness analysis, though we were
surprised by how inexpensive aeration looks to be.
One indirect effect that we could have modeled in the cost-effectiveness analysis is
the effect on the costs of production for shrimp farmers, and the resulting effects on
supply and demand of shrimp. We decided not to model these effects for two
reasons. Firstly, there are a lot of interconnecting factors to consider. For example,
improving dissolved oxygen levels will improve the feed conversion ratio (FCR) but
the potential increase in stocking density will mean that an additional 600-750 kg
feed/ha/crop would be necessary. We expected that the time taken to fully
understand and accurately model all of the effects would not be worthwhile given
that we would only work with ~10 farms each year, too small a percentage of total
farms in Vietnam to impact the price of shrimp. Secondly, we believe that the
“foot-in-the-door” benefits of this intervention (or a similar one, such as working
to prevent eyestalk ablation) are more important than the effect on supply and
demand. The immense scale of shrimp farming dwarfs the ~10 farms we could work
with, but by spotlighting shrimp welfare this intervention could have important
flow-through effects. Even so, we plan to conduct future research on the costs of
production and on supply and demand.
We have modeled individual farmer outreach as the approach for this intervention.
Note that this approach was selected based on the choice of Vietnam as the country
of implementation. Farmer outreach seems to be the best approach in Vietnam as
corporate outreach and governmental outreach seem either inappropriate or slow.
Most shrimp farmers are small in scale (even those in intensive production [ 40]).
Fish Welfare Initiative notes that “Most of the production within Vietnam is from
small-scale producers. It is important to understand their incentives. For example,
they often do not sell their produce to corporations, and so are isolated from
corporate systems that are often utilized by animal protection organizations.”
Additionally, “most fish farming systems in Vietnam seem to be small-scale and for
sale at local markets.” [41] Therefore, corporate outreach seems inappropriate.
Although governmental outreach seems common in Vietnam (and has been
successfully utilized by HSI/Vietnam), it is very slow.

Page 35

CE Research Report: Animal Welfare  - S
 hrimp Welfare, 2020

6.5 Overall thoughts
This intervention looks to be the most promising of those we have researched this
year as it scores well under all criteria. It is also one of the most cost-effective
interventions considered. As the cost-effectiveness of an intervention is the criteria
that we weight most heavily, this is one of the main reasons for its
recommendation.
It is important to note that we have modeled a 100% probability that this
intervention will increase production by 25% of the maximum possible given
improved aeration. Though it still looks overall net-positive as the stocking density
increase is expected to be quite small, we could see this being a problem under
certain moral frameworks. Moreover, entrepreneurs who start this charity must
keep this potential stocking density increase in mind. They may have to pivot away
from this intervention (or shut down the organization entirely if there are no
promising alternatives*) if the stocking density increase is higher than we have
modeled. Though this might seem worrying, we could see there being potential to
decrease the likelihood of a stocking density increase. For example, the
entrepreneurs could make subsidies conditional on the promise that farmers will
not increase stocking density. It is also worth noting that the potential reasons for
not increasing stocking density are quite compelling, and could convince farmers
without the need for this conditional offer.
* Note: If improving dissolved oxygen levels proves to unavoidably increase stocking
densities to the overall detriment of shrimp welfare, another potentially promising ask is
preventing the use of eyestalk ablation to increase fertility in shrimp. We will try to
consider this intervention further, and will also be open to considering any other
interventions that Rethink Priorities find promising in their research.

Page 36

CE Research Report: Animal Welfare  - S
 hrimp Welfare, 2020

References
1. Kemker C. Dissolved Oxygen-Environmental Measurement Systems [Internet]. 2014.
Available from:
https://www.fondriest.com/environmental-measurements/parameters/water-quality/diss
olved-oxygen/
2. Dissolved oxygen dynamics « Global Aquaculture Advocate [Internet]. Global Aquaculture
Alliance. [cited 2020 Jun 18]. Available from:
https://www.aquaculturealliance.org/advocate/dissolved-oxygen-dynamics/
3. Conversation Summary: An anonymous contact at the Ministry of Agriculture and Rural
Development (13/05/20) [Internet]. Google Docs. [cited 2020 Jun 4]. Available from:
https://docs.google.com/document/d/1VLHAfQsk-Ec1JvaxFAhADWHoSTh_BGjAT7n6l2j7r
MU/edit?usp=sharing
4. Estimated numbers of individuals in global aquaculture production (FAO) of decapod
species (2017) [Internet]. [cited 2020 May 11]. Available from:
http://fishcount.org.uk/studydatascreens2/2017/numbers-of-farmed-decapods-A0-2017.p
hp?sort2/full
5. Improving Environmental Conditions CE Report.pdf [Internet]. Google Docs. [cited 2020
Feb 18]. Available from:
https://drive.google.com/file/u/2/d/1vHhpzJje2UKOu2CvvaufbLyiu8WmuJfq/view
6. Guesstimate [Internet]. [cited 2020 May 11]. Available from:
https://www.getguesstimate.com/models/15773
7. Priority country shrimp production [Internet]. Google Docs. [cited 2020 May 11]. Available
from:
https://docs.google.com/spreadsheets/d/1o6KHkD55aVZFF4X50qGQdus-Ch3cFm6v3DXQ6
m0QIbQ/edit?usp=sharing
8. FAO Fisheries & Aquaculture Penaeus vannamei [Internet]. 2006 [cited 2020 Jun 18].
Available from: http://www.fao.org/fishery/culturedspecies/Penaeus_vannamei/en
9. Microsoft Word - edited China Farmed Shrimp Report Ranking Session DRAFT. Available
from:
https://www.seafoodwatch.org/-/m/sfw/pdf/reports/s/mba_seafoodwatch_farmed_white
leg_shrimp_china_report.pdf
10. India - Shrimp - Seafood Trade Intelligence Portal [Internet]. Seafood Trade Intelligence
Portal. [cited 2020 Jun 18]. Available from:
https://seafood-tip.com/sourcing-intelligence/countries/india/shrimp/
11. Vannamei L, Monodon P. Whiteleg Shrimp, Giant Tiger Prawn. Available from:
https://www.seafoodwatch.org/-/m/sfw/pdf/reports/s/mba_seafoodwatch_farmedshrimp
_india_report.pdf
12. Indonesia - Shrimp - Seafood Trade Intelligence Portal [Internet]. Seafood Trade
Intelligence Portal. [cited 2020 Jun 18]. Available from:
https://seafood-tip.com/sourcing-intelligence/countries/indonesia/shrimp/
13. Monodon P, Vannamei L. Giant Tiger Prawn, Whiteleg Shrimp. Available from:
https://www.seafoodwatch.org/-/m/sfw/pdf/reports/s/mba_seafoodwatch_indonesia_shr
imp_report.pdf
14. Vietnam - Cultured shrimp - Seafood Trade Intelligence Portal [Internet]. Seafood Trade
Intelligence Portal. [cited 2020 May 12]. Available from:

Page 37

CE Research Report: Animal Welfare  - S
 hrimp Welfare, 2020

https://seafood-tip.com/sourcing-intelligence/countries/vietnam/shrimp/
15. Seafood Watch. Available from:
https://www.seafoodwatch.org/-/m/sfw/pdf/reports/s/mba_seafoodwatch_farmedshrimp
_ecuador_report.pdf
16. The shrimp sector in Ecuador is driven by extensive production [Internet]. Seafood Trade
Intelligence Portal. [cited 2020 Jun 18]. Available from:
https://seafood-tip.com/sourcing-intelligence/countries/ecuador/shrimp/
17. Water quality comparison [Internet]. Google Docs. [cited 2020 May 12]. Available from:
https://docs.google.com/spreadsheets/d/1oMnojolAd7Aja4Q0sse7HtZY4nSWUaz1F9hPJxIV2
cI/
18. Cook HL, Rabanal HR. Manual on pond culture of penaeid shrimp. ASEAN National
Coordinating Agency of the Philippines and FAO/UNDP, Manila South China Sea Fisheries
Development and Coordinating Programme, Manila ASEAN National Coordinating Agency of
the Philippines, Manila, Philippines [Internet]. 1978; Available from:
http://www.fao.org/3/ac006e/AC006E11.htm
19. KKP | Kementerian Kelautan dan Perikanan [Internet]. [cited 2020 May 12]. Available
from:
https://kkp.go.id/brsdm/artikel/18575-dissolved-oxygen-oksigennya-organisme-akuatik
20. Fabricus M. Circular of July 22, 2010, providing for conditions. Available from:
http://extwprlegs1.fao.org/docs/pdf/vie99782.pdf
21. Supriatna, Marsoedi, Hariati AM, Mahmudi M. Dissolved oxygen models in intensive
culture of whiteleg shrimp, Litopenaeus vannamei, in East Java, Indonesia. AACL Bioflux.
unknown; 2017;10:768–78.
22. Are China and India the most promising countries for animal advocacy? A systematic
country comparison [Internet]. CHARITY ENTREPRENEURSHIP. [cited 2020 May 12].
Available from:
https://www.charityentrepreneurship.com/blog/are-china-and-india-most-promising-co
untries-for-animal-advocacy-a-systematic-country-comparison
23. Mereghetti M. Rabobank: Farmed shrimp will be one of hardest hit sectors by
coronavirus [Internet]. Undercurrent News. [cited 2020 May 12]. Available from:
https://www.undercurrentnews.com/2020/03/30/rabobank-farmed-shrimp-will-be-oneof-hardest-hit-sectors-by-coronavirus/
24. Coronavirus and non-humans: How is the pandemic affecting animals used for human
consumption? - EA Forum [Internet]. [cited 2020 May 12]. Available from:
https://forum.effectivealtruism.org/posts/iPwJPDXNyFTyAYaHj/coronavirus-and-non-hu
mans-how-is-the-pandemic-affecting
25. Vietnam Times. Vietnam’s shrimp exports remain firm in the coronavirus pandemic
[Internet]. Vietnam Times. Vietnam Times; 2020 [cited 2020 May 12]. Available from:
https://vietnamtimes.org.vn/vietnams-shrimp-exports-remain-firm-in-the-coronavirus
-pandemic-18662.html
26. Fletcher R. How COVID-19 is impacting the global salmon and shrimp sectors [Internet].
2020 [cited 2020 May 12]. Available from:
https://thefishsite.com/articles/how-covid-19-is-impacting-the-global-salmon-and-shri
mp-sectors
27. WP change (crustacean water quality) [Internet]. Google Docs. [cited 2020 May 20].
Available from:
https://docs.google.com/spreadsheets/d/1IoCxybR9K2uBLrG52KTNzhXMUlc_dCha8ONMV

Page 38

CE Research Report: Animal Welfare  - S
 hrimp Welfare, 2020

0EyPg8/edit?usp=sharing
28. Guesstimate [Internet]. [cited 2020 May 20]. Available from:
https://www.getguesstimate.com/models/16040
29. Subasinghe R. FAO. 2017. Regional review on status and trends in aquaculture
development in Asia-Pacific – 2015, by Rohana Subasinghe. FAO Fisheries and Aquaculture
Circular No. 1135/5. Rome, Italy. FAO; 2017 [cited 2020 Jun 18].
30. Humane Slaughter Association — Fish, Crustacean, and Cephalopod Welfare [Internet].
Open Philanthropy. 2017 [cited 2020 May 21]. Available from:
https://www.openphilanthropy.org/focus/us-policy/farm-animal-welfare/humane-slaugh
ter-association-fish-welfare
31. MacAskill W. Effective altruism: introduction. Essays in Philosophy [Internet]. Pacific
University Oregon; 2017;18. Available from:
https://app.effectivealtruism.org/funds/animal-welfare/payouts/3Q5GxzKKpuXEXW0RuV4
lvz
32. Request for proposal - EA Animal Welfare Fund - EA Forum [Internet]. [cited 2020 Jun
18]. Available from:
https://forum.effectivealtruism.org/posts/ZhsARZtWEjdg35Ke3/request-for-proposal-eaanimal-welfare-fund
33. Fish Welfare in Vietnam | FWI [Internet]. FWI. [cited 2020 May 21]. Available from:
https://www.fishwelfareinitiative.org/vietnam-scoping-report
34. EF EPI 2019 – Vietnam [Internet]. [cited 2020 May 21]. Available from:
https://www.ef.co.uk/epi/regions/asia/vietnam/
35. Conversation summary: Claude Boyd (07/05/20) [Internet]. Google Docs. [cited 2020 Jun
3]. Available from:
https://docs.google.com/document/d/1i-7YXdBD8fMixgpjezUJj01TL-mEj-bi6z9nDC3a9No/
edit?usp=sharing
36. vca_study_seafood_vietnam.pdf. Available from:
https://www.cbi.eu/sites/default/files/vca_study_seafood_vietnam.pdf
37. Intensive shrimp farming - Seafood Trade Intelligence Portal [Internet]. Seafood Trade
Intelligence Portal. [cited 2020 May 21]. Available from:
https://seafood-tip.com/sourcing-intelligence/countries/vietnam/shrimp/semi-intensive/
38. Apún-Molina JP, Robles-Romo A, Alvarez-Ruiz P, Santamaria-Miranda A, Arjona O,
Racotta IS. Influence of stocking density and exposure to white spot syndrome virus in
biological performance, metabolic, immune, and bioenergetics response of whiteleg shrimp
Litopenaeus vannamei. Aquaculture. 2017;479:528–37.
39. Samadan GM, Others. Production performance of whiteleg shrimp Litopenaeus
vannamei at different stocking densities reared in sand ponds using plastic mulch.
Aquaculture, Aquarium, Conservation & Legislation. Bioflux SRL; 2018;11:1213–21.
40. Intensive shrimp farming - Seafood Trade Intelligence Portal [Internet]. Seafood Trade
Intelligence Portal. [cited 2020 Jun 4]. Available from:
https://seafood-tip.com/sourcing-intelligence/countries/vietnam/shrimp/semi-intensive/
41. Fish Welfare in Vietnam | Fish Welfare Initiative [Internet]. FWI. [cited 2020 Jun 4].
Available from: https://www.fishwelfareinitiative.org/vietnam-scoping-report
42. WP change (crustacean water quality) [Internet]. Google Docs. [cited 2020 Jun 4].
Available from:

Page 39

CE Research Report: Animal Welfare  - S
 hrimp Welfare, 2020

https://docs.google.com/spreadsheets/d/1IoCxybR9K2uBLrG52KTNzhXMUlc_dCha8ONMV
0EyPg8/edit?usp=sharing
43. Nonwachai T, Purivirojku W, Chuchird N, Limsuwan C. Effects of Dissolved Oxygen
Levels on Growth, Survival and Immune Response of Juvenile Pacific White Shrimp
Litopenaeus vannamei. Journal of Fisheries and Environment. 2011;35:1–10.
44. Water quality comparison [Internet]. Google Docs. [cited 2020 Jun 4]. Available from:
https://docs.google.com/spreadsheets/d/1oMnojolAd7Aja4Q0sse7HtZY4nSWUaz1F9hPJxIV2
cI/edit?usp=sharing
45. Mellergaard S, Nielsen E. Impact of oxygen deficiency on the disease status of common
dab Limanda limanda. Dis Aquat Organ. 1995;22:101–14.
46. Guesstimate [Internet]. [cited 2020 Jun 4]. Available from:
https://www.getguesstimate.com/models/16040
47. Fortify_Health_04-19-19_(public).pdf. Available from:
https://files.givewell.org/files/conversations/Fortify_Health_04-19-19_(public).pdf
48. Torrans L, Ott B, Bosworth B. Impact of Minimum Daily Dissolved Oxygen Concentration
on Production Performance of Hybrid Female Channel Catfish × Male Blue Catfish. N Am J
Aquac. 2015;77:485–90.
49. Guesstimate [Internet]. [cited 2020 Jun 4]. Available from:
https://www.getguesstimate.com/models/13132?token=2IgWVuwe2HhLHq8MeDHb7bKKSG
criznVNwdo7gI6H7ntKHzq3OPe73KJijJUBrqJXFu5UJlowBbXuFlwSPLngQ
50. Public CSH Budget 2017 USD [Internet]. Google Docs. [cited 2020 Jun 4]. Available from:
https://docs.google.com/spreadsheets/d/1YcMdYbpxarONoSs_PCAtiKRr2c4g9YPiXzR81owd
vBk/edit
51. Office Space in Ho Chi Minh City - Serviced Offices | Regus IN [Internet]. [cited 2020 Jun
4]. Available from: https://www.regus.co.in/offices/vietnam/ho-chi-minh-city
52. Is it better to be a wild rat or a factory farmed cow? A systematic method for comparing
animal welfare. - EA Forum [Internet]. [cited 2020 Jun 4]. Available from:
https://forum.effectivealtruism.org/posts/cimFBQbpjntoBAKCq/is-it-better-to-be-a-wild
-rat-or-a-factory-farmed-cow-a-1
53. Which animals need the most help from the animal advocacy movement? - EA Forum
[Internet]. [cited 2020 Jun 4]. Available from:
https://forum.effectivealtruism.org/posts/yht4ffRcAY7ChKSfi/which-animals-need-the-m
ost-help-from-the-animal-advocacy
54. 2017 Report on Consciousness and Moral Patienthood [Internet]. Open Philanthropy.
2018 [cited 2020 Feb 24]. Available from:
https://www.openphilanthropy.org/2017-report-consciousness-and-moral-patienthood
55. Opinion: Estimating Invertebrate Sentience - EA Forum [Internet]. [cited 2020 Feb 24].
Available from:
https://forum.effectivealtruism.org/posts/T5fSphiK6sQ6hyptX/opinion-estimating-inverte
brate-sentience
56. Ton Nu Hai A, Speelman S. Economic-environmental trade-offs in marine aquaculture:
The case of lobster farming in Vietnam. Aquaculture. 2020;516:734593.
57. 4061959x.pdf. Available from:
https://waves-vagues.dfo-mpo.gc.ca/Library/4061959x.pdf
58. SciSem2004-Proceedings.pdf. Available from:

Page 40

CE Research Report: Animal Welfare  - S
 hrimp Welfare, 2020

https://www.rspca.org.au/sites/default/files/website/The-facts/Science/Scientific-Seminar
/2004/SciSem2004-Proceedings.pdf
59. Yue S. The Welfare of Crustaceans at Slaughter. 2008 [cited 2020 Feb 24]; Available from:
https://animalstudiesrepository.org/hsus_reps_impacts_on_animals/4/
60. Poli BM, Parisi G, Scappini F, Zampacavallo G. Fish welfare and quality as affected by
pre-slaughter and slaughter management. Aquac Int. 2005;13:29–49.
61. FAO Fisheries and Aquaculture Department. Mud crab aquaculture A practical manual
[Internet]. [cited 2020 Feb 24]. Available from:
http://www.fao.org/3/ba0110e/ba0110e00.htm
62. Stentiford GD. Diseases of the European edible crab (Cancer pagurus): a review. ICES J
Mar Sci. Oxford Academic; 2008;65:1578–92.
63. Nguyen TKT. Opportunities and challenges in lobster marine aquaculture in Vietnam: the
case of Nha Trang bay [Internet]. Universitetet i Tromsø; 2012. Available from:
https://munin.uit.no/handle/10037/4756
64. Jithendran KP, Poornima M, Balasubramanian CP, Kulasekarapandian S. Diseases of mud
crabs (Scylla spp.): an overview. Indian J Fish [Internet]. Indian Journal of Fisheries; 2011
[cited 2020 Feb 24];57.
65. Lavilla-Pitogo CR. Diseases in Farmed Mud Crabs Scylla Spp: Diagnosis, Prevention, and
Control. Aquaculture Department, Southeast Asian Fisheries Development Center; 2004.
66. De Silva SS, Turchini GM. Use of wild fish and other aquatic organisms as feed in
aquaculture; a review of practices and implications in the Asia Pacific. 2009 [cited 2020 Feb
24].
67. Johnston D, Melville-Smith R, Hendriks B, Maguire GB, Phillips B. Stocking density and
shelter type for the optimal growth and survival of western rock lobster Panulirus cygnus
(George). Aquaculture. 2006;260:114–27.
68. Ray G. Invertebrate Sentience: Urgent But Understudied - Wild-Animal Suffering
Research [Internet]. Wild-Animal Suffering Research. 2018 [cited 2020 Feb 24]. Available
from: https://was-research.org/paper/invertebrate-sentience-urgent-understudied/
69. Fossat P, Bacqué-Cazenave J, De Deurwaerdère P, Delbecque J-P, Cattaert D.
Comparative behavior. Anxiety-like behavior in crayfish is controlled by serotonin. Science.
2014;344:1293–7.
70. Chang ES. Stressed-out lobsters: crustacean hyperglycemic hormone and stress proteins.
Integr Comp Biol. 2005;45:43–50.
71. Powell A, Cowing DM, Eriksson SP, Johnson ML. Stress response according to transport
protocol in Norway lobster, Nephrops norvegicus. Crustac Res. 2017;46:17–24.
72. Fotedar S, Evans L. Health management during handling and live transport of
crustaceans: a review. J Invertebr Pathol. 2011;106:143–52.
73. Au Ton Nu H, The Bui Dung, Speelman S. Analyzing the variations in cost-efficiency of
marine cage lobster aquaculture in Vietnam: A two-stage bootstrap DEA approach. Aquacult
Econ Manage [Internet]. Taylor & Francis; 2018 [cited 2020 Feb 24]; Available from:
https://www.tandfonline.com/eprint/xZgHYIaC3T7dB7kWuuKy/full
74. Vijayakumaran M, Venkatesan R, Murugan TS, Kumar TS, Jha DK, Remany MC, et al.
Farming of spiny lobsters in sea cages in India. N Z J Mar Freshwater Res. Taylor & Francis;
2009;43:623–34.

Page 41

CE Research Report: Animal Welfare  - S
 hrimp Welfare, 2020

75. What Size Lobster to Buy? Picking the Right Size Lobster [Internet].
LobsterAnywhere.com. 2015 [cited 2020 Feb 24]. Available from:
https://lobsteranywhere.com/seafood-savvy/what-size-lobster-to-buy/
76. Kravitz EA. Serotonin and aggression: insights gained from a lobster model system and
speculations on the role of amine neurons in a complex behavior. J Comp Physiol A.
2000;186:221–38.
77. Elwood RW, Barr S, Patterson L. Pain and stress in crustaceans? Appl Anim Behav Sci.
Applied Animal Behaviour Science; 2009;118:128–36.
78. Casares FM, McElroy A, Mantione K, Baggermann G, Zhu W, Stefano GB. The American
lobster, Homarus americanus, contains morphine that is coupled to nitric oxide release in its
nervous and immune tissues: Evidence for neurotransmitter and hormonal signaling. Neuro
Endocrinol Lett. 2005;26:89–97.
79. Cao L. Farming Shrimp for the Future: A Sustainability Analysis of Shrimp Farming in
China [Internet]. 2012. Available from:
https://deepblue.lib.umich.edu/handle/2027.42/91554
80. Brummett RE, Alvial A, Kibenge F, Forster J, Burgos JM, Ibarra R, et al. Reducing disease
risk in aquaculture [Internet]. The World Bank; 2014 Jun p. 1–119. Report No.: 88257.
Available from:
http://documents.worldbank.org/curated/en/110681468054563438/Reducing-disease-risk
-in-aquaculture
81. Annual report 2016 | WorldFish Publications [Internet]. [cited 2020 Feb 24]. Available
from: https://www.worldfishcenter.org/content/annual-report-2016
82. HUMANE SLAUGHTER OF CRABS AND LOBSTERS | ANIMAL WELFARE LAW UK
[Internet]. crustaceancompassion. [cited 2020 Feb 24]. Available from:
https://www.crustaceancompassion.org.uk/the-problem
83. hsafishslaughterreportfeb2018.pdf. Available from:
https://www.hsa.org.uk/downloads/hsafishslaughterreportfeb2018.pdf
84. Fletcher R. How to improve seafood welfare at slaughter [Internet]. 2020 [cited 2020 Feb
24]. Available from:
https://thefishsite.com/articles/seafood-welfare-at-slaughter-explained
85. Animals Australia. The shocking practice that shows prawn farming is as cruel as factory
farming [Internet]. 2017 [cited 2020 Feb 24]. Available from:
https://www.animalsaustralia.org/features/prawn-farming.php
86. Uawisetwathana U, Leelatanawit R, Klanchui A, Prommoon J, Klinbunga S,
Karoonuthaisiri N. Insights into eyestalk ablation mechanism to induce ovarian maturation
in the black tiger shrimp. PLoS One. 2011;6:e24427.
87. Towers L. Disease Prevention in Shrimp Farming [Internet]. 2020 [cited 2020 Feb 24].
Available from: https://thefishsite.com/articles/disease-prevention-in-shrimp-farming
88. Gereva S. An evaluation of the culture performance of two Macrobrachium species in
Vanuatu: the exotic M. rosenbergii and the indigenous M. lar. 2014 [cited 2020 Feb 24];
Available from:
https://www.researchgate.net/publication/276060771_An_evaluation_of_the_culture_p
erformance_of_two_Macrobrachium_species_in_Vanuatu_the_exotic_M_rosenbergii
_and_the_indigenous_M_lar
89. afacfeb4c892223a77b0400a3e14b. Coastal shrimp aquaculture in Thailand: key issues
for research [Internet]. ACIAR - Australian Centre for International Agricultural Research.

Page 42

CE Research Report: Animal Welfare  - S
 hrimp Welfare, 2020

2003 [cited 2020 Feb 24]. Available from: h
 ttps://www.aciar.gov.au/node/8271
90. Feeds for Artisanal Shrimp Culture in India. Their Development and Evaluation BOBP/REP/52 [Internet]. [cited 2020 Feb 24]. Available from:
http://www.fao.org/3/AD841E/AD841E00.htm
91. Mercier L, Palacios E, Campa-Córdova ÁI, Tovar-Ramírez D, Hernández-Herrera R,
Racotta IS. Metabolic and immune responses in Pacific whiteleg shrimp Litopenaeus
vannamei exposed to a repeated handling stress. Aquaculture. 2006;258:633–40.
92. Where Can Shrimp Be Found in the Ocean? [Internet]. [cited 2020 Feb 24]. Available
from:
https://animals.mom.me/where-can-shrimp-be-found-in-the-ocean-3176468.html
93. Duraiappah AK, Israngkura A, Sae-Hae S. Sustainable Shrimp Farming: Estimations of a
Survival Function. CREED; 2000.
94. Ongoing production issues in shrimp farming, part 2 « Global Aquaculture Advocate
[Internet]. Global Aquaculture Alliance. [cited 2020 Feb 24]. Available from:
https://www.aquaculturealliance.org/advocate/ongoing-production-issues-shrimp-farmin
g-part-2/
95. Araneda M, Pérez EP, Gasca-Leyva E. White shrimp Penaeus vannamei culture in
freshwater at three densities: Condition state based on length and weight. Aquaculture.
2008;283:13–8.
96. Sun S, Fu H, Gu Z, Zhu J. Effects of Stocking Density on the Individual Growth and
Differentiation of the Oriental River Prawn Macrobrachium Nipponense (De Haan, 1849)
(Caridea: Palaemonidae). J Crustacean Biol. Oxford Academic; 2016;36:769–75.
97. Tort L, Teles M. The Endocrine Response to Stress - A Comparative View. Basic and
Clinical Endocrinology Up-to-Date. 2011.
98. Waye A, Trudeau VL. Neuroendocrine disruption: more than hormones are upset. J
Toxicol Environ Health B Crit Rev. 2011;14:270–91.
99. Martínez-Antonio EM, Racotta IS, Ruvalcaba-Márquez JC, Magallón-Barajas F.
Modulation of stress response and productive performance of Litopenaeus vannamei
through diet. PeerJ. 2019;7:e6850.
100. Puri S, Faulkes Z. Do decapod crustaceans have nociceptors for extreme pH? PLoS One.
2010;5:e10244.

Page 43

