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Male: Good morning, everyone.  Welcome back to the Ag Sector Council seminar 

series after our break in August.  My name is Zachary Baquet.  I’m the 

knowledge management specialist for the Bureau for Food Security, and I’d like 

to welcome you again to the seminar series, our first for September here.  A few 

points.  Please turn your cell phone off or on vibrate so that we don’t interrupt 

the presentations.  Please hold questions until the end of the presentations.  

That way, we can allow both our online audience and welcome those of you 

who are joining us from around the world who are online will be able to join in 

the conversation as well. 

 

 Unless you have a microphone, they’re not able to hear your questions.  So 

please hold them until the end.  Before we get started, I just wanted to take a 

moment to say this program is supported by the Bureau for Food Security, and 

with our implementing partners, the Knowledge Driven Microenterprise 

Development Project assisting in bringing you this presentation.  So just some 

quick notes.  On some of the resources that we actually have recently added to 

Agrilinks.  So this presentation as well as other presentations will be – you can 

find them on http://www.Agrilinks.org, and we did – we supported a workshop 

this summer in June for the agricultural biotechnology support project, ABSP2, 

which is held by Cornell where they talked about their findings over the past – is 

it ten years?  Five years –  

 

 Ten years of research on biotechnology in supporting those activities around the 

globe.  And so you can hear a number of the presentations, see the screen cast, 

Power Points if you go and check that out on Agrilinks.  Also, we just sent out 

our latest e-update for Agrilinks, which highlights some of our blog entries.  One 

of the most recent ones, I’d like to note, is the ADM Institute for Prevention of 

Post Harvest Loss.  We did a video note interview with Steven Sanka from there, 

and talking about post harvest loss, and actually, one of our past Ag Sector 

Council presenters, Curtis Weller, actually did that interview. 

  

 It’s very nice.  Just about I think it’s 14 minutes, a very good overview of what 

the ADM Institute is trying to accomplish.  Also wanted to highlight an upcoming 

webinar by our partners at Facet Project.  It’s the Kilimo Salama Financial Safety 

Net for African Farmers.  And so if you go to Agrilinks, you’ll find out information 

about that and can actually join that conversation, too.  It’s on October 2nd.  

Also, the next upcoming Ag Sector Council roughly one month from today is 
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October 31st.  The MEAS Project, so Modernizing Extension and Advisory 

Services.  That’s with the University of Illinois. 

 

 This is going to be Brent Simpson is going to be talking about impact of climate 

change in extension and advisory services, so please join us for that one, too.  

And with that, I’m going to pass it over to Harry Ray, our aquaculture specialist 

here at USAID’s Bureau for Food Security.  Here you go, Harry.   

 

Male: I don’t think I need this either, but I’ll hold onto it.  Good morning.  This session 

today kind of is an out spur of one that we did earlier in the summer on 

fisheries, and there were a lot of questions that came during that session about 

aquaculture, so we decided to put together a session on aquaculture for this 

month.  Basically, what we’re going to do is we’re going to try to make the case 

that aquaculture is an adaptable, flexible, food security alternative, that it is 

sustainable or we’re getting there, and we’re going to present a lot of data.  

Richard Granger from FAO is going to be responsible for most of the data.  

Randy will talk about sort of sustainability issues, and I’m going to talk more 

generally about what aquaculture is and some of the products and so forth. 

 

 But what I’d like to do first is two things.  One is ask you a question, and for 

those of you who are online, you can raise your hands if you want.  Nobody is 

going to see you, but you’ll feel like you’re participating anyway.  Has anybody 

eaten a seafood product say in the last week or two weeks?  That’s pretty good.  

That’s impressive, actually.  Do you know where it came from?  Was it cultured, 

or was it captured?  Anybody know?  What was it?  Where did it come from?  

What country?   

 

 Anybody else?  You had Chilean salmon.  I’m sure that was cultured.  Anybody 

else?  Some very odd thing.  Steven.  Was it cultured or captured?  The reason 

that I ask that is here in the US, fisheries products are supposed to be labeled 

whether it’s wild caught, cultured, and the country of origin as well.  I think 

some of the other point of this is to stress that a lot of the products that we now 

eat, seafood products, are coming from developing countries.  So it is a 

significant industry throughout the world.  Africa is a little bit behind the other 

parts of the world, but it’s coming up.  The other thing I wanted to do as part of 
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an introduction is some definitions so we’re all on the same page because 

Richard will probably use these. 

 

 Randy certainly will, and I know that I will, but the first one is just fish.  Hey, 

David Reside, how are you?  Fish is usually – it’s mainly when we’re talking 

about fish, actual fish, but we also lump other things in particularly when we’re 

talking statistics, and we’ll say fish to include fish and crustaceans and mollusks 

and so forth.  So it kind of gets lumped together.  Fisheries is also sort of a 

general term that we use, and we lump aquaculture in, fisheries, and so forth 

into that.  And it’s really sort of more of the value chain of fish products.  The 

other two definitions, these actually came from the – and they’re commonly 

used, but they were the ones that were used at the fishery seminar in July, and 

it really makes the difference between capture fisheries and aquaculture and 

the difference being that one is equivalent to hunting.   

 

 The other one is equivalent to livestock raising, so agriculture is agriculture.  

That’s the bottom line there, I think.  I think now with that, I think maybe we’ll 

move to Richard, and he can sort of give us the state of play in terms of 

fisheries, products, aquaculture and looking at projections of what aquaculture 

has to provide in the future.  Richard.   

. 

Male: Thanks.  I stand here?  Hello everybody.  My intention is to give you – is to sort 

of set the context of global fish production, and then to give a picture of how 

important aquaculture is in that whole fish supply system.  It is based mainly on 

our latest flagship publication called The State of World Fisheries in Aquaculture.  

That’s an FAO publication which is produced every two years, and the last issue 

was released in July last at our meeting of the committee of fisheries, which is a 

global forum for discussing policy in relation to fisheries and aquaculture 

worldwide.   

 

 So yeah.  It’s working.  So we start off with the – giving some indications of the 

importance of fisheries and aquaculture to food security and poverty alleviation.  

So in a world where we have 900 million people still suffering from chronic 

hunger and severe malnutrition, fisheries and aquaculture play an important 

role in food and nutrition security as well as poverty alleviation, and my 
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presentation will give an overview of this role with a particular highlight on 

aquaculture and its potential for feeding in the future. 

 

 In October last year, the world’s seven billionth baby was born, and it’s 

estimated that by 2050, the world’s population will reach 9.1 billion, mostly in 

developing countries.  Seventy percent of the world’s population will be urban 

compared to just 50 percent today.  Total demand for food and feed will soar, 

requiring a substantial increase in global food production by 70 percent.  That’s 

to 2050.   

 

 So what does this mean for fisheries and aquaculture meeting the rising 

demand for seafood?  First, a look at the overall key role in fisheries and 

aquaculture.  Globally, fish is the primary source of animal protein for 17 

percent of the world’s population.  And nearly a quarter of these people are in 

low-income food deficit countries.  Apart from its much-needed protein, fish 

contains omega 3 oils and micronutrients, all extremely vital for human brain 

and health development, especially in children and pregnant women. 

 

 Over the last 25 years, there has been a dramatic growth in international trade 

in value terms, which reached $109 billion in 2010, and despite the global 

economic crisis, preliminary estimates for 2011 point to a record-breaking $125 

billion, reflecting both higher fish prices and stronger demand.  Fish has become 

amongst the most highly traded food commodities, with nearly 40 percent of all 

production now exported.   

 

 This has particularly benefitted developing countries, which now account for 

over 50 percent of world fish exports destined for human consumption.  And 

over the last ten years, China has become the world’s largest fish exporter, with 

a staggering $13.3 billion in export value representing 12 percent of world 

exports in fish and fishery products.  The sector contributes to livelihood 

security, providing jobs for an estimated 55 million people. 

 

 Many are women, and most are in small-scale communities.  All in all, about 12 

percent of the world’s population depends directly or indirectly on fisheries and 

agriculture.  That’s more than one in ten people on the earth.  That of course 
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includes not just those working in the primary production sector but in 

secondary sectors, such as processing, trade, marketing, support services, and 

their dependent family members.   

 

 As production from capture fisheries has remained virtually constant since the 

1990s, further growth will have to come from aquaculture.  And a snapshot 

from the sector shows that aquaculture continues to be the fastest growing 

food sector.  Over the last three decades, it has expanded by almost 12 times at 

an average annual rate of about 8.8 percent, although that growth rate is 

slowing.   

 

 2010 production at a record high of nearly 60 million tons was worth nearly 

$120 billion and is set to keep rising.  The Asia Pacific region accounted for 89 

percent of production, where China overwhelmingly dominates the sector, 

accounting for 60 percent of total production.  In a recently published OECD 

FAO outlook, we project that in 2021, world global production will reach 172 

million tons. 

 

 And this growth will almost entirely be driven by aquaculture, which will 

increase by 33 percent as opposed to possibly three percent for capture 

fisheries.  This means 79 million tons will come from aquaculture, making up 46 

percent of global fishery production.  And so according to these projections, 

here we are in 2012, but beyond that are projections from this FAO OECD 

model.  2018 is expected to be a turning point when farm fish will surpass 

captured fish for human consumption for the first time.   

 

 And its share is projected at 52 percent in 2021.  But there are challenges and 

risks.  The global community is facing multiple challenges from the current 

economic crisis to ecosystem degradation to manmade conflicts to the 

population expansion.  And while aquaculture is poised as a solution, we must 

also be aware of the risks and challenges involved.  There are opportunities for 

improving the long-term sustainability of fisheries and aquaculture worldwide, 

and consequently, prospects for increased food and livelihood security. 

 

 But these call for responsible resource conservation and effective management 

of the sector.  Dependence on capture fisheries for aqua feeds has been a 
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controversial issue for many years.  Although the aquaculture sector remains 

the largest user of fishmeal in the world, fishmeal use in aqua feeds has 

gradually fallen since 2005 and is predicted to continue falling.  It is predicted 

that even with the increasing aquaculture production, the use of fishmeal for 

aqua feeds will decrease further to 3.63 million tons by 2015.  That’s about 

seven percent of the total aqua feeds for that year to 3.49 million tons by 2020.  

That’s about five percent.   

 

 And the reasons for this include decreased supplies of industrially caught fish as 

a result of tighter quotas, additional controls on unregulated fishing, and 

increased use of more cost effective dietary fishmeal replacers, and very 

importantly, more efficient and effective use of fishmeal and oil in feeding 

regimes for aquaculture.   

 

 Dependency on terrestrial animal and plant ingredients in aqua feeds is 

increasing.  And a second important point to note is that the portion of capture 

fisheries used to produce fish meal will be about 17 percent by 2021, and that 

represents a decline of six percent compared to the current situation.  Owing to 

the growth of demand for fish for human consumption, but also and 

importantly better use of fish awful and fish waste.  And so you can see in this 

graph, the increasing proportion of fishmeal, which is derived from fish residues.   

 

 In 2021, fishmeal production should be about 15 percent higher compared with 

the 2000 to 2011 average, but almost 80 percent of the increase will derive 

from improved use of fish waste, cuttings, and trimmings.  Growing income and 

urbanization will entail an increasing consumption of fish in fillets or prepared 

and preserved forms, producing more residue to be used in fishmeal 

manufacturing.  Fishmeal produced from fish waste should represent 43 percent 

in world fishmeal production by 2021.   

 

 And so some concluding points, which we have optimistically called solutions, 

these are the necessary solutions for these demands to be met effectively.  The 

message to me is that aquaculture can fill the food and nutrition security gap, 

but it must do so following the principles of the ecosystem approach to 

aquaculture.  There is a growing need to improve international cooperation to 
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improve global aquaculture management to develop and adopt and implement 

appropriate policy measures and technology.   

 

 There are opportunities for improving the long-term sustainability of 

aquaculture worldwide, and consequently, prospects for increased food and 

livelihood security.  But these call for responsible resource conservation and 

management of the sector.  Thank you very much. 

 

Male: I guess I need to bring this with me.  Can I just set this in my pocket?  Okay.  I 

hope you noticed on many of Richard’s slides, he had different pictures of 

products as well as production systems, and I’m going to sort of build on that a 

little bit.  And there’s the – those definitions that I gave before.  I want to bring 

your attention to this last line of this one, that not all aquaculture is the same.  

So a lot of the issues that Richard mentioned that face aquaculture and 

aquaculture development apply to not all aquaculture systems so that you’ll 

have feed issues with some, you won’t have any feed issues with others because 

the broad array of species and systems that are used.   

 

 And that’s really sort of the gist of my presentation.  How is aquaculture 

adaptable and flexible?  The first one is location.  It can really be done anywhere 

if there’s water.  Now granted, you’re going to have to do something to 

manipulate the environment to hold that water perhaps, but it can be done, and 

that includes in freshwater, brackish water, and full scale marine.  There are 

even systems now that people are envisioning anyway of floating satellite 

controlled systems in the open ocean that will just float around, and eventually, 

they’ll track it down and harvest the fish that are in there. 

  

 So location, and the other thing to notice on that, you don’t really need to have 

water all year round because there are some species that you can grow a good 

crop within a few months.  There are even some fish species that will hibernate 

over time.  So they may still be in the bottom of your pond the next year, even 

though they’ve been stuck in the mud for the off-season.  Scale, most people 

don’t recognize that aquariums, your home aquarium, is actually a form of 

aquaculture.  If any of you raised guppies as kids, you were involved probably in 

the whole range of phases of aquaculture and raising those guppies.   
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 And of course, it goes all the way up to large-scale commercial farms, things that 

are hundreds and hundreds or thousands of hectors at a time.  Sometimes 

dealing with a single species.  Aquariums are actually a very interesting 

aquaculture thing, and that it’s usually a polyculture system, meaning multiple 

species that may actually feed in different tropic levels.  Purposes.  Well, this is 

kind of an interesting one.  It’s everything from food to jewelry to leather goods 

to put and take fisheries, like sport fisheries instead of the trout fishery in this 

country has been for years based on producing fish in the hatchery, growing 

them up to a reasonable size, releasing them, and then fishermen go and catch 

them. 

 

 That’s a form of aquaculture as well.  Some people call in Chesapeake Bay, we 

produce a lot of soft shell crabs, and some people refer to the process that 

people will take the crabs at a certain level and then get them to shed, and they 

call that aquaculture.  I’m not so sure that I would agree with that, but it is 

lobbed into that.  Again, purposes, aquariums, stock enhancement.  There’s 

some evidence of using hatchery fish to – particularly in lakes and rivers, I think, 

to reinvigorate the natural populations to help improve the captured fishery 

production. 

 

 There’s also industrial uses.  Seaweed for cosmetic products.  Oysters, pearl 

oysters for jewelry.  An interesting product that I’ve seen recently in Thailand is 

they’re taking skins from tilapia and turning them into wallets and bags and that 

kind of stuff.  It’s kind of an odd texture.  I have one of those.  I meant to bring it 

in today, but it’s kind of unusual.   

 

 The products.  I should have said species here, I guess, but estimates are 

changing always, and there’s always an increase in the number of species that 

are actually cultured.  And that – some people say that at 500 there that I’ve 

mentioned is actually very conservative number, that it could be way above 

that.  And as I said earlier, the products and so forth, we’re talking fish, we’re 

talking shellfish, we’re talking seaweed, amphibians, reptiles, aquatic plants, et 

cetera. 

 

 So sometimes, those all get – going back to this fish definition that I talked 

about, sometimes people lob all of those into the same lump of calling it fish, 
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even though the plants.  Methods.  This is where it really – you then have to get 

the appropriate method for where you’re trying to grow your fish, and it’s a 

whole wide range of those, and I’ll show some of those, too.   

 

 Just some – that doesn’t look so great on that wall, but those are tilapia both in 

a bucket and in a net.  Tilapia is probably the most widely cultured species.  This 

is the now tilapia, particularly.  It’s native to Africa, but has been introduced 

almost worldwide over the last, what, would you say 50 years, Randy, or so?  In 

China and India – the Indian subcontinent, carp culture is big.  That’s, I think, is a 

grass carp in the upper picture there.  In the lower picture is an Indian carp.  On 

the left, those are macro brachial, and it’s a freshwater prawn.   

 

 These are often grown in – well, in Bangladesh, for example, they’re growing 

these in polyculture with other species, and the macro brachium, the freshwater 

prawn, is the commercial product that’s sold on the market, and the other fish 

that are growing simultaneously are eaten locally.  Clarias and various other 

walking catfishes, these are – they’re worldwide different species of genuses, 

actually.   

 

 The advantage of these is that they’re actually – can breathe air so that you 

raise these in very low oxygen situations.  So – and you do have to do something 

to keep them in your pond because they’ll walk away.  These are snakehead, 

and yes, these are related to the snakehead that’s infamous now in the 

Chesapeake Basin.  This is actually in Cambodia, I believe.  Not such a great 

picture there.  And there’s also pearl oysters, culture pearls there, and alligators 

are raised in various places, crocodiles, for both the meat and for the leather. 

 

 Systems.  This is where it really gets complicated and diverse, I guess.  In terms 

of physical facilities, we’re talking about everything from a small pond the size 

of one-third or one-quarter of this room to huge ponds, earthen usually, but 

they can be depending on your soil types, of course, this is the adaptability, you 

may have to line those ponds with something, whether it be concrete or plastic 

to keep the water in, floating pens.   
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 This is the way most of the salmon that you eat now that’s farmed salmon are 

being grown in pens, floating cages.  Some of these – again, I’ve talked about 

aquariums.  Raceways are – a lot of your real coldwater species are raised in 

raceways, trout and salmon and so forth.  One of the interesting things is these 

closed re-circulating systems now, they’re really high tech that have bio filters 

and so forth so that you re-circulate that water and keep growing your fish that 

way.   

 

 There’s been a lot of work on those, but there’s been very few examples where 

they’ve really been cost effective.  The price of the product ends up being so 

high that it’s not really affordable for most people.  Management approaches, 

monoculture or polyculture.  This is the same thing with the face of agriculture a 

lot of times when you grow the same crop year after year after year versus inter 

cropping or alternating crops.  Monoculture is a single species, obviously.  

Polyculture is multiple.  Probably the most interesting polyculture system is 

what’s done in China where they use maybe up to ten different species in a 

pond that feed on different niches.  So you basically are feeding one species, 

and the waste from that species generates natural productivity in the pond, and 

others feed on that. 

 

 You have probably a species in there that feeds on insects, on aquatic plants, 

and that kind of stuff.  Integrated agriculture and aquaculture systems, this is 

really where it’s probably the most efficient for small producers trying to 

integrate those different parts of their farm, whether it be livestock manure, 

fertilizing ponds, pond water, fertilizing small gardens.  I know the World Fish 

Center has promoted this for a long time.  Peace Corps at different times has 

promoted this as well. 

 

 So you can have systems that are livestock in fish, rice and fish.  This is very 

popular in Asia where you – and I’ll show you some pictures of this where you 

can – part of the rice patty to a pond, and the fish are grown in that, and they 

also feed in amongst the rice.  And there’s some evidence of that being a very 

effective integrated pest management approach to try to deal with insects and 

pests and rice.   
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 Horticulture fish systems.  One of the – and I don’t have the picture of this.  I 

couldn’t find it, find a good one, but aquaponics, and if you’ve heard of 

hydroponics, well, this is hydroponics, but with fish added.  So you’re getting 

that extra product in there, and these are usually closed, recirculating the 

systems as well.  The most spectacular one of those that I ever saw was actually 

at Epcot Center in Orlando that in the earth exhibit, they actually have if you’re 

able to go in the back, you can see where they’re growing the fish in conjunction 

with tomatoes that are sort of hanging there on a conveyer belt coming around, 

and the water from the pond is being circulated to water the tomatoes.  It’s 

quite amazing, actually. 

 

 Let’s go onto some photos.  Small ponds.  These are both in Mali.  You can sort 

of see in the upper photo, the erosion that’s there on the pond bank, well that’s 

because the soils really are not all that great for holding water for one thing.  

The system on the – the lower one is kind of an interesting one.  It’s a little bar 

and restaurant that’s there on the middle of the pond, so it’s kind of a – it’s not 

just a fish production system.  It’s a whole restaurant kind of setup. 

 

 There’s a lot of these, actually, in the US.  There’s fish out places for catfish 

places in the south where you can go and cast out your line, pull in whatever 

you get.  They’ll cut it up and cook it for you, and nice hush puppies and so 

forth.  The other photo is from Kenya, and this is a number of different farmers 

that are involved here, but they’ve clustered their ponds for conservation of 

water, for one thing, to share resources.  That kind of stuff.  But those are fairly 

small ponds.   

 

 Come on.  There’s also these hoppas.  They’re nets, or they could be made with 

bamboo that are floating in larger bodies of water, and the fish are raised in 

that.  It makes it easy to harvest.  It also gives you the option to grow one 

species, or if you had all those hoppas, this is basically a hatchery, I think, but if 

you had all those hoppas, you could theoretically have a different fish in each of 

those hoppas, and then harvest one at a time or whatever.  You could also just – 

if they’re all the same, you could harvest as well. 

 

 This is also a way to protect smaller species from more carnivorous larger 

species.  If you had a small fish that’s locally consumed and so forth in those 
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hoppas or not in the hoppas but in the pond with snakeheads, you probably 

would have nothing but snakeheads at the end of the season.  But this allows 

you to protect that other species. 

 

 This is actually a goldfish farm.  Again, these are tanks inside a greenhouse.  So 

I’m trying to sort of show different systems as well.  These are concrete tanks, I 

believe.  They’re also in the nets and so forth.  Come on.  You saw some of these 

in some of Richard’s photos.  These are floating cages either in a river or in a 

lake.  I think this one actually is snakehead again in Cambodia.  Tanks in Lake 

Volta I believe that lower photo is from.  So you’ve got round tanks.  The 

advantage of that is water sort of circulates around the round tank and aerates 

the water at the same time.   

 

 Now this would be a nice place to work out in the sun on the beach with these 

tanks.  These are for snook in Mexico and another set of sort of all attached 

concrete tanks.  And these are all sort of done for different reasons.  I mean in 

this particular case, it’s because the soil itself is not all that conducive to holding 

water.  So you have to adapt it in some way.  Integrated agriculture systems.  

This is hard to see, I think.  There’s a pointer over here.  Right? 

 

 But the water from these pigsties actually go down this canal, and then this is an 

empty pond at the time, but the waters then is flushed – the manure is flushed, 

and it goes into the pond, and fertilizes the pond.  The other ones are 

combinations of – this is actually ducks here.  Hard to see.  And then the other 

one is a combination of ducks and plants grown right along the pond bank.   

 

 So the integrated systems.  And these, I think, are all from – the pig one is from 

Africa somewhere, and the other two are from Asia.  Now this is the rich fish 

culture stuff.  Some approaches really – they seem – the one on the upper right, 

they’re actually saving through a rice patty that’s actually been harvested 

already for the rice, and they’re catching whatever fish are in there.  And the 

other two are examples of digging up part of the rice patty so it’s deeper, and 

the fish will go in there as their – where they would grow to a market size.  A lot 

of times, this is done in the fishery used in local consumption.  They’re not 

marketed at all. 

 



Page 14 of 21 

 And then as I mentioned before, large scale systems, this one in the upper 

photo actually goes on beyond what you can see there, and the other one is just 

an example of concrete tanks, again, in a large scale concrete tank system.  I 

always like to sort of end with that.  You’ve probably all seen this.  This is 

contributed supposedly to Confucius, but I don’t if it really was him.  But 

nowadays, instead of the upper one, it’s – if you can get people to sustainably 

raise fish to live for a lifetime or eat for a lifetime.  Anyway, I think that’s all I 

have to say.  Now Randy – Richard brought up some of the sustainability issues, 

and Randy is going to address those in a little bit more detail.  

 

Male: Thanks, Harry.  Now that Harry and Richard have sort of set the scene, explained 

a little bit what aquaculture actually is and how it fits into the global food 

security puzzle, I want to probe a little bit in greater depth this question of the 

sustainability of aquaculture systems.  First, what I’ll do – I want to address a 

couple of popular issues in the subject of aquaculture sustainability, one being 

this fishmeal question, another one being relating to the destruction of 

mangroves for shrimp farms, and then conclude with some general statements 

and observations about the overall sustainability of aquaculture.   

 

 This – global fishmeal production has remained pretty much steady since about 

1960.  In between, about 30 and 50 million metric tons per year, kind of 

depending on the el Niño and other environmental aspects.  And over that 

period of time, back in the 1960s, almost all of that fishmeal was used for pigs 

and chickens.  As aquaculture began to grow and increase the value of the 

product because aquaculture is a higher value product, and the producers, 

mostly in developing countries are going to sell it to whoever will pay the most 

money for it, aquaculture has increasingly dominated the use of fishmeal.   

 

 In the last few years, we’re seeing some of the fishmeal and fish oil in particular 

transitioning into the human food value chain, which is going to increasingly 

push up prices.  Partly in response to that increase in price, the aquaculture 

industry is reducing its dependence upon fishmeal.  And you can see here that in 

these top – well, over the last decade or so, the efficiency of fishmeal use in 

aquaculture is nearly doubled.  This number should be about .36.  There was a 

mistake when it rounded off.  The top four of these, which represent about 15 

percent of global aquaculture production, use about 85 – a little over 80 percent 

of the total fishmeal that’s consumed.  So right now, salmon, about 1.4 

kilograms of fish in the form of meal going to produce 1 kilogram of salmon. 
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 That’s about eight times as productive as wild salmon in terms of the use of 

fishmeal, and I’ll show you why.  This is the trophic levels of cultured – all the 

species that are grown in aquaculture, the species groups, and the red are the 

species that are captured in the global captured fishery.  For those of you who 

are not ecologists, one is plants.  Two to 2.5 are herbivores.  2.5 to 3 are 

omnivores, they eat a mixture of meat products and/or animal products and 

plant products.  These are mid-level carnivores, and these are top carnivores.   

 

 And in the wild, the salmon is in here.  If you grow it in culture, you move it 

down to here.  Because it doesn’t eat.  This fish ate ten kilograms of wild fish to 

produce on kilogram of salmon.  Because that’s just the natural transition of 

energy and nutrient efficiency in natural ecosystems.  When you grow it in 

culture, over half of the food that it eats is plant based.  So anyway, the bottom-

line on the discussion about whether fishmeal is a sustainable product or not or 

whether aquaculture use of fishmeal is sustainable or not depends almost 

entirely on how well the fishery is managed.  If the – and there are, I think, 

compelling arguments for why we should push down the amount of forage fish 

that’s harvested and used for fishmeal.   

 

 But compared to other food production sectors and other uses, aquaculture is 

quite a fish in that respect.  Another issue that has got a lot of attention the last 

few years is the production of shrimp in mangrove areas, and many of you may 

have seen these widely circulated photographs that have been on the internet 

for a number of years.  And they purport to show how shrimp farms are 

encroaching into mangrove areas.  But if you look closely, the mangroves in this 

picture are in red and this one in green, and this is not a mangrove.  This is salt 

flats.  These are all salt flats. 

 

 And if you look very carefully – actually, you don’t have to look very carefully at 

all.  If you just look at them a bit, you can see that in fact, the shrimp farms 

didn’t grow into mangrove areas.  They grew into salt flats.  And the reason is 

because mangrove areas are terrible places to either build fishponds or try to 

manage the fishponds that have been constructed later.  They’re full of snakes, 

and they’re swampy, mucky areas, and to be fair, the people that have been 

trying to make this argument using these kind of photographs have changed the 

vocabulary they use a bit lately. 
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 And when I check back on these websites, they’ve switched from talking about 

mangroves to the mangrove ecosystems, which is fine, except that the 

argument for not using mangrove areas depends a lot not so much on 

mangroves being cute little trees with funny roots and stuff.  It’s because of the 

ecosystem services that are provided by mangroves, which include things like 

providing habitat for wildlife, nursery areas for wild caught fisheries, surges 

against storm waves, carbon sequestration. 

 

 And none of that has anything to do with salt flats.  Here is an example of even 

in places where there has been expensive use of – or where shrimp farms 

currently occupy space that used to be occupied by mangroves, a lot of that 

transition, most of that transition as not direct.  This is an example from the 

Mekong Delta in Vietnam where – which is now one of the world’s leading 

aquaculture – or shrink producing areas.  Back in 1891 when they first started 

paying any attention to it, there was over a million hectors of brackish water 

forest in Vietnam. 

 

 By 1899, the French colonial administration had noticed that already, most of 

the large trees had gone for production of charcoal, for building materials, and 

such.  And by 1911, the administration was already pushing hard to try to 

manage the deforestation rate, it had got so bad.  

 

 By 1938, less than a third of the original mangrove area was still left, and then 

came the war of independence against the French, the war against the 

Americans, and Agent Orange.  And it looks like most of the people in this room 

at least are old enough to remember Agent Orange.  It was a defoliate that was 

sprayed on the forest of Vietnam in order to uncover the material supply chains 

for the Vietnamese army.  After the war ended, there was a massive conversion 

of the rural space into particularly rice and urban infrastructure, which created a 

big salinization problem. 

 

 And also, at this period, there was a big push – well, what we call sort of rape 

and run period in the expansion of shrimp farming, which was essentially an 

unregulated period of time about 15 years when there were some big 

corporations that came in – well, they weren’t big corporations at the time, but 
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venture capitalists that would come in, build a shrimp farm operation, run it 

very intensively for three or four years, go broke because – or close it down and 

run and go to someplace else.  It was related to diseases and pollution and all 

kinds – it was a very bad period in the expansion of the shrimp industry. 

 

 That was clamped down on in the mid-90s, and it was made essentially illegal to 

build shrimp farms in this unregulated way.  Because of the salinizatiton 

problem, starting in 2000, the Vietnamese government put in place a 

facilitization program to convert a lot of this rice, which was dying because you 

can’t grow rice in salty areas, into shrimp.  And by 2008, there was over 600,000 

hectors of shrimp being grown in Vietnam. 

 

 Now let’s get the words out of the way so you can see the picture a little better.  

This, the green here, is coconuts and sugar cane.  The red is rural infrastructure, 

houses, roads, buildings, and stuff like that.  Yellow is rice.  Mangroves are this 

little green line that runs around the edge of everything.  Okay?  And 

aquaculture is these dark purple patches.  You can’t see them very well, but 

there’s a little section there, and there’s a little section there, and there’s a little 

bit here, and there’s some around there, there, up in here.  

 

 And the reason I show you this is because I think there’s a perception that the 

places where shrimp are grown were mangrove areas that have been ravaged 

by aquaculture, when in fact, what these really are is agricultural landscapes in 

which there’s a little bit of shrimp.  This picture was taken in 1998 at the height 

of the rape and run period of the aquaculture movement. 

 

 Here is another example from Tomanadu.  You can see the green here is 

agricultural land, and this is fallowed agricultural land often because of – it’s a 

little bit swampy.  And 1987, this is – these are transformed satellite images, 

land use images.  Here the mangroves are in red.  Here the mangroves are in 

greed.  Red is mud flats.  And you can see here that the aquaculture systems 

that are here in purple are all built in converted agricultural land, not 

mangroves.  In fact, in Tomanadu, .0001 percent of shrimp farms are located in 

mangrove areas.   

 



Page 18 of 21 

 I think because out of a desire to protect natural places and relying on lack of 

data and the precautionary principle, there’s been a serious exaggeration of the 

impacts that aquaculture has had globally.  And this is a – oops.  This is a recent 

one.  Last year, earlier this year in fact, some scientists produced an estimate of 

198 kilograms of greenhouse gases being produced per 100-gram shrimp 

cocktail, and they related this to the mangrove destruction, loss of 

sequestration of greenhouses gasses and sediments and things associated with 

that. 

 

 The capture of carbon, wood.  If you take that number and extrapolate it across 

the 300 million metric tons of shrimp that are produced per year, you end up 

with a figure of 3.3 billion tons of CO2 equivalent.  That is six times the total CO2 

equivalent output of the world’s entire motor vehicle fleet.  And I would posit 

that that’s a ridiculous figure.  In reality, life cycle analysis has shown that the 

carbon footprint of shrimp is about 3 to 12 kilograms of CO2 per kilogram of 

shrimp, not per 100 grams. 

 

 And if you compare that to the carbon footprint of land animal production, it’s 

in the lower range, and this includes things like the three is for things like milk 

and eggs, which have a very low carbon footprint.  Overall, about less than ten 

percent of shrimp farms globally have been built in areas that once had 

mangroves, and virtually none since 2000.   

 

 Okay, now a few comments about this sort of general sustainability of 

aquaculture systems.  Most people, at least in this country and western Europe, 

think about – oops.  Think about sustainability in terms of the environment.  But 

for most of the world, the social and economic aspects of aquaculture are at 

least as important, and aquaculture is essentially a small-scale industry 

worldwide.  It’s – I’ll get back to some actual figures in a minute.   

 

 However, there are – and there are because of economic pressures to increase 

the intensity of aquaculture systems, farmers are pressured into pushing the 

ecological limits of these systems.  And we can see the evidence of this in 

disease outbreaks that continue to be problematic in the industry, local declines 

of water quality.  There have been examples of biodiversity loss and other 

ecosystem services.  And it’s effectively pushed up the risk for aquaculture 
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investment over recent years.  But if you compare the sustainable – the sort of 

resource use efficiency of aquaculture to other food production systems, 

particularly animal, you see that in terms of nutrient inputs, and this includes 

fishmeal, it’s far more efficient than our land animals that we produce. 

 

 Chickens fit right in there, too.  If you look at the emissions polluting, nitrifying 

nutrient emissions and turn nitrogen and phosphorous, you can see that 

aquaculture compares very favorably with other animal production systems.  

And if you look at bivalves and plants, which are actually 30 percent of global 

aquaculture production, they actually have a net positive impact on nutrient 

loading in the environment because they absorb nutrients in the form of 

phytoplankton rather than – they’re not fed.   

 

 And aquaculture is improving its track record all the time.  There are – if you 

look at this, the ones in the green are 40 to 60 year old systems.  The ones in red 

are 20 to 40 year old systems, and then the blue and purple ones, which are 

mostly down here, are the young systems.  And you can see that as the 

aquaculture industry has matured, and these – this is not all of the aquaculture.  

This is just carnivorous – some data from the University of Victoria came out a 

couple years ago.   

 

 And you can see here that as the industry matures, as the inefficient producers 

go out, as the feeding practices have become more sophisticated, the industry is 

tending in the direction – this is the sustainable box and this is the unsustainable 

box.   

 

 Well, they’re a – these normalized indicators.  It’s sort of an index that was 

created by this research team.  That’s kind of complicated.  Anyway, this is the – 

the report is called the GAPI Report.  G-A-P-I.  It’s extremely important when we 

discuss the issue of sustainability to think about the people that are actually 

doing aquaculture.  Aquaculture mostly in developing countries employs directly 

about 16 million people, and half of those are women.  And if you don’t – it’s 

just in my view – I’ve worked with wildlife conservation agencies quite a bit, and 

I don’t think that it’s possible to have a sustainable global well-managed 

ecosystem that lives in juxtaposition to huge numbers of desperately poor 

people. 
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 In order to balance the sustainability question, we have to deal with poverty 

and food security issues that confront a big percentage of the world’s 

population every day.  And as Richard highlighted, aquaculture is going to be 

expanding in order to meet those needs and to provide those jobs, and I don’t 

think that we can continue to follow exactly the same growth paradigm that has 

dominated aquaculture in the past.  Most of the low apples have already been 

picked. 

 

 Land and water are becoming increasingly scarce.  We have to think of a new 

model if we’re really going to double and triple aquaculture production going 

forward.  I’ve been working the World Bank with a number of leading ecologists 

around the world to try to imagine a system that will help us to produce the 

food, the fish we need, without completely trashing the environment.  We think 

that you – we need to move beyond farm level certification up to consideration 

of how aquaculture interacts with the whole ecosystem.  

 

 Richard mentioned the ecosystem approach to aquaculture.  That’s a 

component of this.  I think we need to be thinking about creating aquaculture 

zones where you can cite aquaculture facilities away from important ecosystem 

assets, such as coral reefs and beautiful tourist beaches and things like that.  We 

need indicators that capture exactly what we mean by sustainability.  A lot of 

the indicators that we use now are related to input use efficiency, but they’re 

measured at the farm level, and the impacts of aquaculture don’t happen at the 

farm level.  

 

 They are the result of the collective impact of all the farms together.  Globally, 

aquaculture, the certified farms represent only 1.5 percent of aquaculture.  In 

Vietnam, let me get the numbers straight so I don’t goof it up here.  In 

Bangladesh, there are 250,000 aquaculture operations, 50 percent of them are 

less than .5 hector.   

 

 In Thailand, there are 25,000 shrimp farmers and 255,000 tilapia farmers.  

Vietnam, 85 percent of the total shrimp pond surface is managed by 250,000 

small-scale farmers.  There’s no way to certify all those people in the way we’re 

approaching it now.  We have to take a more collective approach.  We have to 
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look at it at a larger scale, and to manage that, we’re going to need some new 

institutional arrangements to help the private sector communicate with the 

public sector, share information, and set up systems that can help us to manage 

properly the aquaculture industry as we move in the future.  Thank you very 

much. 

 

 

 


