
Professor Michael A Crawford 
PhD, FRSB, FRCPath, 
Imperial  College, London, UK-
michael.crawford@imperial.ac.uk

Fisherman –Santorini 1,600 
BC



THE BRAIN  EVOLVED IN THE SEA 500-600 m.y.a.
 It is 60% fat which requires marine fats –  especially 
omega 3 DOCOSAHEAXENOIC ACID (DHA).

Dino flagellates have an eye spot and likely represent 
early single celled systems. They are rich in DHA  
including di-DHA lipids as in our eyes today. 

600 m.y.a there was  no ozone layer. DHA  absorbs 
light in the UV. The intense UV  would have energized 
DHA’s π-electrons in its array of 6 special, double 
bonds. With electron escape, the electrical impulses 
would have set the stage for the evolution of  the 
nervous and then the central nervous system.  

Marine chemistry used in the evolution of the brain in 
fish, cephalopods, amphibia, reptiles, birds, mammals
has been highly conserved in throughout the 500 m.y.

DHA in 
PHOTORECEPTOR 



THE SHRINKING BRAIN.  
Crawford and Marsh 2023 (Amazon)

CRANIAL CAPACITY CCs:  The decline may have started 
with the introduction of land-based agriculture.

CHIMPANZEE  340 cc. (our genome differs only by 1.5%) 
WILD FOODS FROM LAND AND SEA PROVIDED THE 
EPIGENETIC DRIVING FORCE FOR BUILDING LARGER 
AND LARGER BRAINS.

HERTO 160,000 – 200,000  y.a. 1,450 cc.
Cro-Magnon – 28,000 to 32,000 y.a. 1,500-1,700 cc.
2023 H. SAPIENS – 1,336 cc.

UK FISH LANDGINGS 
1950  1 MILLION TONS.
2019  600,000 TONS  POPULATION HAD INCREASED 
BY A THIRD. PER CAPITA REDUCTION  40%
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DOES IT MATTER?



BRAIN ESSENTIAL FATTY ACID COMPOSITION
ETHANOLAMINE PHOSPHOGLYCERIDES

0

2

4

6

8

10

12

14

16

18

20

N-6
N-3

   18:2   20:3  20:4  22:4    18:3    20:5    22:5    22:6

% Fatty Acids

Crawford & Sinclair (1972) “Nutritional influences in the evolution of 
the mammalian brain” Ciba Foundation Symposium (1971), Ed K Elliot  
& J Knight, 267-292

THERE IS AN ABUNDANCE OF ROBUST EVIDENCE 
SINCE THE 1970s THAT INADEQUATE DIETARY DHA 
RESULTS IN BEHAVIOURAL PATHOLOGY, AND 
REDUCED VISUAL, LEARNING AND COGNITIVE 
ABILITIES.
Sinclair AJ. Docosahexaenoic acid and the brain- what is 
its role? Asia Pac J Clin Nutr. 2019;28(4):675-688. doi: 
10.6133/apjcn.201912_28(4).0002. PMID: 31826363.



ALSPAC: Child thinks before acting (8 y ) and 
Omega-3 intake as sea food by mother in pregnancy (32 w)

Hibbeln j et al Lancet 2007
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Presenter Notes
Presentation Notes
Avon Longitudinal Study of Parents and Children (ALSPAC)  is the largest and longest of its kind. Over 14,000 mothers pregnancy studied and the children followed up to school age. At 8 years of age the amount of sea food and fish consumed by the mother during the pregnancy was directly related to intelligence, verbal IQ of the children. The children of mothers who ate one or less than one sea food or fish meal in the week were three times more likely to have serious behavioural problems.Maternal seafood consumption in pregnancy and neurodevelopmental outcomes in childhood(ALSPAC study): Hibbeln et al Lancet 2007; 369: 578–85



World capture & aquaculture production.
Aquaculture of carnivorous fish depends on the wild 
catch a limited resource.  Now land animal products 

(chickens, vegetable oils) are being used.

Grimur Valdimarsson  FAO

Presenter Notes
Presentation Notes
The left part of this picture certainly fuelled the hopes that were commonly held that ocean fisheries represented a limitless bounty of food.  For decades capture fisheries put more and more fish on the global food table every year and the sector felt pretty proud of itself. At one point the Fisheries and Aquaculture Department of the Food and Agriculture Organization had 60 research vessels all around the world to help countries to develop their fisheries. But, as evidenced by this graph, in the late 80s capture fisheries hit the roof and entered the stagnation phase we are now in. For the last 20 years landings have been around 82-84 million tonnes for marine fisheries and 10 million tonnes for freshwater capture fisheries.  Yet, the combined world production of capture fisheries and aquaculture continues to rise due to double digit annual growth in aquaculture and in particular aquaculture in China. Total fish production amounted to about 144 million tonnes in 2006. Aquaculture now provides 50 million tonnes, comprising 44% of all fish for human consumption. 
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Sea Bed Kelp Farming –Bali, Indonesia. The kelp farmers are 
making more money than inland farmers: they are also providing iodine 

and DHA..

Presenter Notes
Presentation Notes
 . The sea farmers are now making more money than those farming the land,  Source National Geographic, 2001



Hunting & Gathering is a Neanderthal 
technique. It has Reached its Limit. 
Marine Agriculture : Shiraishijima 
Island’s Marine Ranching Project in 

Okayama

Takehiro Tanaka 
Director of Fisheries Division, 

Department of Agriculture, Forest and Fisheries 
Okayama Prefectural Government, Japan.

Presenter Notes
Presentation Notes
I am Takehiro Tanaka. I am the director   of fishery division   at the Okayama prefecture   in Japan. My main job as a local government officer is to manage fish stock by working with local fishers. Today, I will talk about Our challenge on Ecosystem based marine resource managementA marine ranching project in OKAYAMA.In this presentationI want to argue two pointsFirst, fish resource management Should be based on eco-system approachSecond, we shall always involve local fishers To succeed in ecosystem based fish resource management So it has to be scientific and technical and also community based



Ｔｏｕｂｉ Ａｒｅａ Ｒｅｇｉｏｎａｌ Ｆｉｓｈｉｎｇ Ｇｒｏｕｎｄ   
Ｒｅｃｏｖｅｒｙ Ｐｒｏｊｅｃｔ Image Diagram

Sea grass

Juvenile nurture area
Acoustic Feeding Equipment 

Oyster Raft

Matured fish habitat

Fishing Bridge

Presenter Notes
Presentation Notes
This is the area for the new project. The area used to be full of eel grass beds but the habitat has disappeared for both human and natural causes. also The area has no rock reef and only has mud floor, So that eel grass bed is still considered the most suitable ecological element To compose the habitat Which improves the area’s total eco-system. 



Artificial Reefs

Implementing several types of 
artificial Reefs to provide habitats 

suitable for different species of fish and 
also different life stages of fish

Presenter Notes
Presentation Notes
This is for Juvenile, there are oyster shells inside to cultivate fish foods and it has very complex spatial-designThis one is for premature, we pile this up in one place and create variation of spatial features. This is for matured fish, they are also piled up near natural reefs.This is for parental fish, they are 20m high and set in the deep waterThis is for spotted grouper, which tend reside in narrow rock holes. So these reefs are designed to provide many gaps.  This is for gilthead, between those wires, thousands of them stayed to pass the winter 



LAND - GREEN PASTURE



Marine Agriculture: Pasture Development  
(Dr. Takahero Tanaka)

Eel Grass (Zostera marina)

Presenter Notes
Presentation Notes
Marine agriculture:  Now let me (Tanaka) briefly mention about our new project. This is eel grass beds which provide highly valued habitat for both juveniles and their food. Next marine ranching project primarily focuses on the recovery and development of this particular habitat.  



Working with local fishers 

We have been working with local fishers and communities to revitalize the eel grass 
habitat

Presenter Notes
Presentation Notes
We have been working with local fishers and communities to revitalize the eel grass habitat, and I am sure with their collaboration the project will not fail. 



Last century, 
science and 
food policy 
focussed on 
protein and 
body 
growth.

H. Sapiens is 
about brain 
growth not  
body 
growth.

.

Note the similar 
sizes of the 
brain case of the 
1 year old and 
his mother

Note the sizes of 
the hands. 

The brain is the 
first priority on 
H. sapiens

Body = protein
Brain = lipids.

Priority for 
food policy is 
the brain 
specific lipid.

Presenter Notes
Presentation Notes
By contrast to the rhinoceros the human infant develops 1.4Kg brain. Most of the development takes place prenatally when 70% of the total number of brain cells divide.  The importance of maternal nutrition is thus of paramount importance to thehealth and inteeligence of futrure children.



Thank you for listening  - however listening is not  enough. Action is 
required. 
We are responsible for the mental health and wellbeing of the children 
about to be born. 

I thank also all the many wonderful people with whom I have worked since the early 70s and before 
in Africa where I learnt of the supreme importance of specific nutrition for the health of the brain .
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