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Aim of the talk
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“To show the intensification of aquaculture can bring 
substantial economic benefits, but also demands 
greater understanding and management of the system 
to help reduce the risk of catastrophic losses. A focus on 
knowledge management within a business 
encompasses the task of risk management and 
encourages a culture for proactive learning and 
innovation among staff, which should in turn 
substantially benefit the Company’s “bottom line” and 
growth potential”



Know-why: 
Sustainable intensification – policy 
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“The most effective approach to meet the 
increasing demand for fish is to promote the 

sustainable intensification of aquaculture (SIA) 
to achieve blue growth through increasing the 
productivity and efficiency of aquaculture 

production while reducing the consumption of 
resources and negative environmental and 
social impacts through improved governance, 

management practices and adoption of 
innovative technologies.”

http://www.fao.org/3/a-i5362e.pdf



SIA defined*

Aquaculture production systems or technologies or 
management practices that contribute to at least one 
of the followings:  

• Improved production and resource use efficiency, namely
land, water, feed, and energy;

• Improved environmental benefits;
• Strengthened economic viability and farmers’ resilience;
• Improved social acceptance and equality and do not

compromise the rest.
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*FAO. 2016. Sustainable intensification of aquaculture in the Asia-Pacific region. Documentation
of successful practices. Miao, W. and Lal, K.K. (Ed.), Bangkok, Thailand



Intensification – financial drivers

For business with a 
primary focus on the 
“bottom line” simple 
financial modelling will 
usually show increased 
profits from a farm if 
production intensity is 
increased – e.g. through 
higher stocking 
densities. 

Turnover is higher and 
fixed costs and 
depreciation per unit of 
production is reduced.
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e.g. Shrimp farming - Vietnam

Survey in Vietnam 
showed higher 
mean stock 
densities provided 
greater financial 
returns per ha
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Engle, C. R., McNevin, A., Racine, P., Boyd, C. E., Paungkaew, D., Viriyatum, R., Tinh, H. Q. and Minh, H. N. (2017), Economics of Sustainable Intensification 
of Aquaculture: Evidence from Shrimp Farms in Vietnam and Thailand. J World Aquacult Soc, 48: 227–239. doi:10.1111/jwas.12423

Low 
(<2t/ha)

Medium 
(2-5 t/ha)

High 
(5-10 t/ha)

Very High 
(>10 t/ha)

P monodon 12 23 58 59

L. vannamei 26 31 66 73

Mean stock 
densities (PL/m2) 
for farms grouped 
on output per ha



Shrimp farming - Vietnam

Unit cost of 
production was lower 
for more intensive 
systems – although 
most gains between 
low and medium 
intensity 

A = P. monodon 
B = L. Vannamei

7

Engle, C. R., McNevin, A., Racine, P., Boyd, C. E., Paungkaew, D., Viriyatum, R., Tinh, H. Q. and Minh, H. N. (2017), Economics of Sustainable Intensification 
of Aquaculture: Evidence from Shrimp Farms in Vietnam and Thailand. J World Aquacult Soc, 48: 227–239. doi:10.1111/jwas.12423



Changing input patterns with 
intensification

Source: J F Muir/FAO
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PRODUCTION LEVEL kg/ha/year 100 500 1000 2000 5000 10000     

 Capital inputs:              
LAND, ha t-1        
POND WALLS, m t-1    
   (1ha ponds)  
   (3ha ponds)      
POND GATES (2ary/3ary) no t-1      
   (1ha ponds)
   (3ha ponds)       
PUMP CAPACITY, kWt-1        
AERATOR CAPACITY, kWt-1      

13

2400
1400

10
3.3
0
0

2.7

480
280

2
0.7
0
0

1.5

240
120

1
0.3
0
0

0.9

120
70

1
0.3
1.2
0.1

0.5

48
28

0.4
0.1
1.2
0.4

0.3

24
14

0.2
0.07
1.5
0.8

Operating inputs:         
FEED t t-1

WATER EXCHANGE     
   % per day   
   m3hr-1t-1    
PUMPING ENERGY, kWht-1      
AERATION ENERGY    
      kWhday-1ha-1 
      kWht-1

0

1 
40
0

0
0

0

3
24
0

0
0

0.3

8
32
0

0
0

1

15
30
2500

0
0

2

20
16
2500

20
1440

2.2

30
12
2200

100
3600



Implications of intensification

The importance of good systems understanding and management including 
the reliable and timely supply of inputs, increases with degrees of 
intensification
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Risk

Contagious viral and 
bacterial diseases 

Parasites and fungus  

Power or mechanical 
failure 

Predators? 

Business risks

Power

Amount and 
reliability e.g. for: 

Water pumping 

Aeration/
oxygenation 

Other water 
treatment

Seed and feed

Reliable seed supply 

Nutritionally 
complete and 
sufficient diets 

Feed management 
to minimise waste 

Management

Knowledge 

Organisation 

Scheduling 

Waste removal/
treatment



Know when
Is intensification possible/sensible?

Add Text Here
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Example: Pond-based production in 
the Nile Delta Region

Data from two surveys:

2005 – mean 6.3 t/ha/yr (range 2.3 – 12.6 t/ha/yr) 
2015 – mean ~7.5 t/ha/yr (range 4.7 – 16.6 t/ha/yr)

Farm sizes range from 3 to 27 ha (average 10.7 ha)
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Husbandry implications for intensification

http://sfaas.auburn.edu/wp-content/uploads/sites/11/2016/09/Chapter5_Water-
Quality-and-General-Pond-Management.pdf
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Critical issues for intensification

• Low winter water 
temperatures

• Quality (and price) of 
available feeds

• Reliability of power supplies 
(limits reliance on aeration)

• Implications for shared 
water quality 

• Increased disease risk?
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http://www.intrafish.com/aquaculture/1230829/new-virus-could-be-cause-of-egyptian-tilapia-deaths



Example: Vietnam – hatchery bottleneck

http://www.phnompenhpost.com/national/fish-
business-booms-farmers-desperate-fry-fill-their-ponds
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This story is from 2008 when 
the pangasius catfish sector 
was expanding rapidly.  
Things have changed 
substantially since. 

Intensification only possible 
when the required inputs 
and corresponding market 
demand is in place



Contrasting strategies further south

Existing pond farms in 
Kenya urged to 
intensify production 
by extending the 
culture season using 
greenhouse ponds 
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http://kenyanewsagency.go.ke/en/kiambu-farmers-urged-to-embrace-greenhouse-fish-farming/



Meanwhile in South Africa

Farmers encouraged to forget 
expensive Recirculated Aquaculture 
Systems and invest in simpler less 
intensive pond systems – 
Availability of land and water not a 
major constraint

16

https://www.farmersweekly.co.za/animals/aquaculture/sas-
potential-pond-farming-bonanza/



Cage farms in Singapore – Intensification is a sector issue 
when environmental services are shared

https://www.ava.gov.sg/files/avavision/Issue1_2015/
fishy-business-aiding-farmers-during-fish.html
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http://www.bbc.co.uk/news/world-asia-31724554

Cage farms in Singapore are quite intensive.  Major losses 
have occurred in recent years due to algal blooms and de-
oxygenation of the water. Nutrient enrichment is a likely 
factor – in part from the farms? Industry cooperation – or 
more likely regulation – becomes essential



Singapore strategy – promoting RAS 

In contrast to the example 
from South Africa, 
environmental limits 
combined with space 
constraints encourage a 
strategy of intensification in 
Singapore using Recirculated 
Systems, which also have 
benefits of greater biosecurity
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https://www.ava.gov.sg/files/avavision/Issue1_2015/
fishy-business-better-farming-indoors.html



Know-when appraisal

• Economic model  - different 
answers in different locations or for 
different species and systems  

• Factoring in changing risks with 
intensification 

• Environmental interactions – 
Dependency on environmental 
services and concepts of “carrying 
capacity” 

• Knowledge dependency… 
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https://www.researchgate.net/publication/
222516023_Aqua_Farm_Simulation_and_decision_support_for_aquaculture_facility_d
esign_and_management_planning



Know how

https://pixabay.com/en/data-information-know-circle-learn-229113/
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Intensive production needs intensive management

Intensification can lead to less resilient systems – 
e.g. major losses experienced due to rapid
changes in water quality or outbreak of disease
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https://www.undercurrentnews.com/2015/04/07/tilapia-2015-blog-
global-tilapia-industry-discussion-kicks-off-malaysia-conference/



Know-how needs for intensive aquaculture

Successful intensification requires greater knowledge 
across a wide range of traditional disciplines
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Controlling 
reproduction

Nutrition 
and feeding

Successful intensification requires greater knowledge 

reproduction
Control 

water quality

Successful intensification requires greater knowledge 
across a wide range of traditional disciplines

reproduction
Domesticate 

the stock

Optimise 
production

Controlling Controlling Controlling 

Prevent or 
treat diseases

Nutrition 
and feedingand feedingand feedingand feeding

Control 
quality



Know-how 

The knowledge needed to achieve your objectives: 
Knowledge needed to solve problems

Involves: 
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"Discovering knowledge 
"Creating knowledge 
"Understanding knowledge 
"Documenting knowledge 
"Protecting knowledge 
" Sharing knowledge  
"Applying knowledge 



Types of knowledge

To explore the nature 
of know-how further 
it is useful to consider 
different types of 
knowledge
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Confidentia
l 

knowledge

Explicit 
knowledge

Implicit knowledge

Tacit knowledge

Embedded knowledge

Yet to be discovered knowledge



Discovering & creating knowledge 
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This is Research

Secondary research – finding out from others 
Primary research – new knowledge from 
observations or experiments

Can be: 
In-house 
Collaborative 
Contracted out



Collaborative research

Many opportunities to engage with 
research organisations e.g. through: 

Masters student projects 
PhD research projects 
Partner in major research projects 
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Use research labs to answer your questions

Example – EU funded 
AQUAEXCEL2020 
project funds access to 
39 research 
infrastructures in 
Europe.
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www.AQUAEXCEL2020.eu



National or Regional Collaboration Platforms

Example – Scottish Aquaculture 
Innovation Centre is funded by the 
Scottish Government to use 
government and private funding 
to commission research that 
addresses the priorities of industry 
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Starting with farm data 

Many farms record data of different types but then fail to really 
investigate it and extract useful knowledge from it. 
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Know-how 

30

Know-how 

30

Computerized monitoring and 
control systems make it easy to 
generate and analyze farm data
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Enhances understanding and 
ability to optimize system 
operation and plan for disasters

e.g. real-time analysis of water quality and 
power consumption
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Feed and husbandry activities can be 
recorded via a mobile device and 
accessed immediately through cloud 
technology

Mobile apps and automated data acquisition and analysis 
makes knowledge generation on farm readily available

http://www.aquanetix.co.uk



Building a company knowledge base

http://www.aquacare.com/
products/internet-based-
monitoring-control/
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http://www2.advantech.com.tw/ia/newsletter/AutomationLink/August2012/EN/appstory01.html

products/internet-based-
monitoring-control/



Documenting and using the generated knowledge 

Recorded data might include: 

• Feed records 
• Sample weights 
• Mortalities + health 

observations 
• Treatment records 
• Environmental data 
• Weather data 
• Personnel activity records 
• Equipment maintenance 

records 
• Harvest and sales records
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These can be analysed and 
used with other sources to 
develop know-how: 

Standard operating 
procedures  

Risk assessments and disaster 
action plans 



Standard Operating Procedures

https://store.extension.iastate.edu/Product/14264
https://store.extension.iastate.edu/Product/14272
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https://store.extension.iastate.edu/Product/14264

Standard Operating Procedures 
can be developed from 
numerous sources including legal 
requirements, voluntary 
standards and own company 
best practice.  

SOPs are then a basis for training 
new staff and for implementing 
further monitoring and recording 
to ensure compliance. 

Experience from the airline 
industry – They work when 
rigorously applied!



Example resources for SOP development

https://www.asc-aqua.org/what-we-do/our-standards/farm-standards/the-tilapia-standard/
https://www.ava.gov.sg/files/avavision/Issue1_2015/fishy-business-good-aquaculture-practice.html
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/https://www.asc-aqua.org/what-we-do/our-standards/farm-standards/the-tilapia-standard
https://www.ava.gov.sg/files/avavision/Issue1_2015/fishy-business-good-aquaculture-practice.html



OIE Aquatic Animal Health Code & Manual
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http://www.oie.int/en/international-standard-
setting/aquatic-code/access-online/

Detailed information on best 
practices for aquatic animal 
health care



Risk assessments and disaster recovery plans
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Many resources to 
provide framework 
for assessment and 
documentation of 
risks and planned 
emergency actions 
e.g. from FAO

http://www.fao.org/docrep/011/
i0490e/i0490e00.htm
www.fao.org/3/a-i3432e.pdf

Risk assessments and disaster recovery plans

Many resources to 
provide framework 
for assessment and 



Valuing tacit knowledge
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Valuing tacit knowledge within an 
organization is very important, but 
innovation also relies on being able 
to challenge it. 

“Intuitive knowledge and know-how which is rooted in 
context, experience, practice and values. Hard to 
communicate – resides in the mind of the practitioner”

http://www.knowledge-management-
tools.net/different-types-of-
knowledge.html



Knowledge networks
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Accessing tacit 
knowledge usually 
means accessing other 
people to benefit from 
their experience. 
Knowing who’s tacit 
knowledge to involve 
in solving problems is 
all about personal and 
professional networks 
and networking

Knowledge networks

Inside and outside the organisation



Promoting active learning

Can be: 
• Formal 
• Non-formal 
• Informal
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Developing: 
• Knowledge 
• Skills 
• Attitudes and Ethos
Involving: 
• Education 
• Training 
• Personal Development



Requires engagement with
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• Developing occupational standards as 
reference for vocational training 

• Developing recognized qualifications 
and pathways 

• Promoting and rewarding staff learning  

• Partnerships between industry and 
education providers 

• Providing opportunities the inspire 
young people to enter aquaculture 



Protecting knowledge

Commercial aquaculture can be very 
competitive so knowledge that gives a company 
commercial advantage is potentially very 
valuable. 
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Easiest protection method is trade secret – confidentiality 
obligations and agreements 
Patenting can be appropriate if wider opportunities to exploit 
the knowledge and patent(s) can be defended

Excessive use of secrecy can slow down sector development as 
mistakes are repeated and lessons fail to be learned.

Commercial aquaculture can be very 
competitive so knowledge that gives a company 



Sharing knowledge

Collaborative research for 
effective health solutions 
Industry databases for 
benchmarking and 
epidemiological modeling
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Green et al, 2012. J Fish Diseases 35, 29-37

Example – tracking all live fish 
movements of salmon and 
trout in Scotland to develop 
models of fish disease 
transmission and potential 
control points



Pooling data for benchmarking & early 
warning services

Allows more 
comprehensive 
analysis of risks, 
occurrence patterns 
and potential early 
warnings

Individual farms can 
benchmark 
performance against 
averages and identify 
areas for improvement
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areas for improvement

Soares et al



Summary

• There are many drivers for aquaculture intensification
• Successful intensification is knowledge-intensive 

• Know why
• Know when
• Know how

Companies are encouraged to develop a knowledge 
management strategy considering
• Knowledge acquisition or generation
• Knowledge documentation
• Knowledge protection
• Knowledge sharing
• Knowledge implementation for innovation and efficiency
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Thank you
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