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Introduction:  The challenge of 
the rise in brain disorders

The brain is 60 percent fat which 
specifically requires Omega-3 
docosahexaenoic acid (DHA) for growth, 
and function (Crawford and Sinclair, 
1972).  In the 1970s, “bad fats” were 
already considered to cause arterial and 
heart disease and were responsible for 
the rise in cardio-vascular death from 
a rarity to becoming the No. 1 killer in 
that one century. I recognized that if bad 
fats caused arterial disease in the heart, 
it was also likely to affect the arteries in 
the brain. More importantly “bad fats” 
would be expected to adversely affect the 
brain itself. Consequently, I published the 
prediction that unless the food system 

changed to serve the arteries and brain, 
then a rise in brain disorders would be 
the next (Crawford and Crawford, 1972). 
Graham Rose reviewing the book for the 
Sunday Times, wrote that unless there was 
a response then we would become a “race 
of Morons”!   

Unfortunately, in the 1970s and even the 
1980s, there was little or no interest other 
than hostility shown in the idea that there 
were special essential fats required for the 
brain and hence important to maternal 
and infant nutrition. The evidence that 
there was a major fallacy in the paradigm 
of human nutrition food policy was not 
welcomed by those who held to the 
paradigm that protein was of paramount 
importance: many still do.  The problem 
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Figure 1. Synthesis of Arachidonic (AA) and Docosahexaenoic (DHA) from Linoleic and a-linolenic
                    Acids, the same enzyme systems are used for both,  resulting in competition.
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of the fish catch reaching a plateau was 
seen of little importance as protein could 
be obtained from other sources.  The value 
of fish and seafood is not protein but the 
cluster of brain-specific lipids and trace 
elements.

This fallacy is amply illustrated by the 
illustration of the rhinoceros. This animal 
reaches a one ton body weight four years 
after birth.  The rhinoceros obtains all the 
protein it needs for this prodigious rate 
of body growth from the simplest food 
resource, namely grass. What it does not 
do is to obtain the essential fats needed 
for brain growth. It can only build a tiny 
brain weighing no more than 350 g. Clearly 
different principles are involved in brain 
growth compared to body growth. The 
priority of the body may well be protein 
but that of the brain is brain-specific fat.

Docosahexaenoic acid (DHA) 
in the brain

Of special relevance to the brain fats, DHA 
is found in high concentration in signalling 
systems where it has a specific functional 
role. Neural cells have a particularly high 
membrane content of DHA. In different 
mammalian species, brain size varies but 
the DHA content does not (Crawford, et al., 
1976; Crawford, et al., 1993) suggesting a 
high degree of evolutionary conservation. 
DHA is rapidly and selectively incorporated 
in neural membranes and is concentrated 
at synaptic signalling sites (Sinclair and 
Crawford, 1972; Suzuki, et al., 1997). It is the 
most unsaturated of cell membrane fatty 
acids (Jump, 2002). DHA is synthesized 
from a-linolenic acid which occurs as a 
by product of photosynthesis and thus 
in green foods. However, the process 
is strongly rate limited (Sinclair, 1975; 
Sprecher, 1993; Sprecher, et al., 1999). 
 
The desaturase reactions are rate limiting, 
being the slowest in the sequence of chain 
elongation and the insertion of double 
bonds into the molecules.  Hence, if you 
examine the fatty acid composition of 
tissues other than the brain, you will see 
for example, quantities of linoleic acid 

present with arachidonic acid (ArA). If 
the conversions were fast, all the linoleic 
acid would be converted to arachidonate.  
Moreover this high proportion of linoleic 
acid in for example human red cells or 
plasma lecithins or in plasma cholesterol 
esters or even triglycerides is in evidence 
despite the fact that the 18 carbon fatty 
acids are oxidized at a rapid rate some four 
times faster than the long chain derivatives 
(Leyton, et al., 1987).  This rate limitation 
means that there is an order of magnitude 
advantage to the provision of preformed 
DHA in the diet as opposed to its synthesis 
from a-linolenic acid for incorporation 
into the developing rat brain (Sinclair and 
Crawford, 1972). The human metabolic 
process is slower than in rats so one can 
expect a lower value of a-linolenic acid as 
a precursor of DHA for the human brain. 
Conversely, provision of preformed ArA or 
especially DHA would be advantageous 
(Brenna, et al.,  2009). 

An additional factor in the utilization of 
DHA for the brain, arteries and heart is 
that other fatty acids will compete with 
utilization. Last century, the rise in saturated, 
and trans isomer fats derived from animal 
intensification and technology, was a 
major concern. However, the rise in soya oil 
production has led to a greater than 1,000-
fold increase in linoleic acid. Linoleic acid 
being an ω6 fatty acid competes with the 
ω3 and is thought to be one of the causes of 
the rise in mental ill health (Blasbalg, et al., 
2011). 

Some of the evidence — base 
for selective advantage from a 
coastal habitat

The land-food chain is poor in preformed 
DHA which as can be seen from Figure 
1 is the most limited in it biosynthesis. 
It is restricted to the eating of very small 
mammals, birds and bird and reptile eggs. 
The marine food web by contrast is very rich 
in DHA. Its origin is photosynthetic unlike 
the Omega-6 fatty acids which dominate 
plant energy storage for reproduction in 
the seed oils on land. The history of early 
hominids on land would have represented 
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a relative deficiency state compared 
to the coastal habitat where hominids 
would have had access to both land and 
aquatic resources. This habitat would have 
provided a significant advantage over 
hominids reliant on inland produce. 

Experimental evidence on the requirement 
for the Omega-3 fatty acids for the 
brain supports this view of evolution. 
It starts with deficiency studies in 
rodents demonstrating loss of learning 
ability (Lamptey and Walker, 1978), 
encepalomalacia in chickens (Budowski, et 
al., 1987), visual loss, hair loss, skin lesions 
and behavioural pathology in primates 
(Fiennes, et al., 1973; Neuringer, et al., 1986) 
and visual and cognitive trials in human 
infants (Birch, et al., 2000; Carlson and 
Werkman, 1996; Martinez and Vazquez, 
1998; Birch, et al., 2010). Suzuki, et al., 
(1997) demonstrated the selective uptake 
by the synapse for DHA a key to neural 
transmission and the establishment of 
neuronal pathways and hence learning. It 
has been suggested that this process of 
uptake during activity would re-inforce the 
synapse and is a potential explanation for 
the establishment of neuronal pathways 
and hence the learning process through 
repetition (Crawford, et al., 2008). This 
idea is consistent with the fact that a key 
characteristic of ω3 deficiency is reduced 
learning capacity.

Dr. Joseph Hibbeln’s work at the NIH 
USA is now pointing to the link between 
major depression and low fish and 
seafood consumption (Hibbeln, 1998) and 
importantly, adverse behaviours and a low 
consumption of fish and seafood during 
pregnancy with a study on the follow 
up of children to eight years of age from 
over 14,000 pregnancies. These studies 
demonstrate a clear link between seafood 
and fish consumption by the mother 
during the pregnancy on verbal IQ and 
social behaviour (Hibbeln, et al., 2007).

In the human species, most brain cells 
divide pre-natally and the studies in 
pre-term infants have all been positive.  
Hence it was unsurprising that a systematic 

review on term infants described 
conflicting results on cognition (Simmer, 
2000).  However, in collaboration with 
the Hebrew University of Jerusalem, we 
described competition existing between 
w6/w3 fatty acids and showed that their 
balance is critical for brain development 
and structural integrity (Budowski and 
Crawford, 1985).  Unfortunately, the 
Simmer review did not take into account 
the differences in dose level of the different 
fatty acids, or amounts of competing 
fatty acids such as linoleic acid in the 
different formula, nor the biochemical 
form of delivery.  More recently, Uauy and 
Dangour (2009) have presented a critical 
and comprehensive review of the evidence 
for the essentiality of DHA for brain 
development in the human infant with 
Brenna and Lapillonne (2009) discussing 
the requirements in pregnancy (FAO-WHO, 
2010). 

History is an important part of our 
knowledge base which helps inform 
the present and the future. Concepts 
of evolution claim to tell us about the 
history before the written record. The 
most celebrated concept of evolution 
is that of Charles Darwin who identified 
how small advantages repeated over 
many generations could lead to the 
survival of the fittest.  However, he also 
wrote in each of his additions that there 
were two forces in evolution, natural 
selection and conditions of existence. Of 
the two, he writes the latter is the most 
powerful.  However, this latter aspect of his 
philosophy has been sidelined. None the 
less both the selective advantage of the 
marine food chain in providing elements 
missing on land for neurogenesis together 
with the conditions of existence at a 
shoreline habitat is now obvious from the 
science. 

The function of DHA is becoming clearer 
today with evidence it is involved in 
neuronal migration and neurogenesis 
(Yavin, et al., 2009; Brand, et al., 2010), 
vision (Benolken, et al., 1973; Neuringer, et 
al., 1986),  electrical signalling (Crawford, 
et al., 2008) and as a precursor for 
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neuroprotectin D1,  a powerful antioxidant 
(Niemoller, et al., 2009). It has also been 
shown that DHA acts as a ligand for nuclear 
receptors and stimulates the expression 
of over 107 genes associated with energy 
use and brain development (Kitajka, et al., 
2002; 2004; Barcelo Coblijn, et al., 2003a; 
2003b). These studies have indicated that 
DHA is essential to brain development 
and function. They add an important new 
dimension to the evolution of the brain 
in the sense that it would not only be an 
advantage in the classical Darwinian sense 
but also act as a biochemical driver of 
brain evolution. Hence natural selection 
would have operated side by side with the 
environmental stimulus of the marine food 
web forcing brain development. 

The advantage of preformed DHA in the 
diet to brain development would have 
been its contribution to the nourishment 
of the mother, the embryo, fetus and 
infant brain development being enhanced 
generation after generation. DHA is 
poorly available from the land food chain 
but is abundant in the marine food web. 
Hence the likelihood is that the evolution 
of H. sapiens was coastal with access to 
aquatic recourses rich in DHA and trace 
elements similarly required such as iodine 
and selenium (Crawford, et al., 1999; 
Broadhurst, el al., 2002). There would 
be a significant survival gain associated 
with enhanced brain development and 
cognition associated with a rich source of 
DHA. With extinction of several thousand 
species over the last century and our 
closest relatives, the great apes, on the 
brink of extinction, there can be no doubt 
about which species is surviving today.  

My interpretation of the evidence is that it 
would have been impossible for a hominid 
to evolve into H. sapiens as an inland 
hunter and gatherer. Some argue that 
hominids could have obtained their DHA 
from the brains and marrow of animals 
they killed.  It is clear that they have never 
hunted and tried to extract the brains 
from the large herbivores which would 
have been the food source. Even with 
modern bone saws, it is a formidable task. 

Unless you have dry ice or some form 
of refrigeration, the brain would rapidly 
deteriorate. Indeed there would only be 
about 300-400g brain beside some several 
kilograms of protein-rich meat. Moreover, 
it is not so much as the men but the 
pregnant women and young girls who 
most need the DHA and trace elements to 
ensure the continued epigenetic, upward 
pressure on cognitive development of the 
embryo, fetus and new born. Regardless 
of whether or not the men were successful 
in their killing, the women could walk 
along the shoreline gathering seafood in 
abundance, even when heavily pregnant or 
breast feeding, with little or no effort and 
doubtless accompanied by their children. 
As for obtaining the DHA from bone 
marrow, well there is precious little there.

The significance of iodine and 
trace elements

But this is not all. The land-based food 
chain is also poor in iodine and trace 
elements. There are 2 billion people at 
risk of iodine deficiency, which is well 
established to be the commonest cause of 
mental retardation in children. In 1990-
1993, I was invited by Dr. Darwin Karyadi 
to help the Department of Health of the 
Indonesian Government with the World 
Health Organization (WHO) to solve the 
problems of anaemia in pregnancy and 
iodine deficiency disease. They had 1 
million severely mentally retarded children 
and 800,000 cretins, the severe form of 
iodine deficiency in the mother causing 
facial distortions as a consequence of 
the restriction of brain development 
before birth.  Some 60 percent of the 
school children had goitre (goiter) — a 
sign of iodine deficiency. However, these 
school children were all inland. There 
was no goitre in the fishing villages! At 
a conference on Nutrition and the Brain, 
hosted by Dr. Gopalan of the Indian 
Nutrition Foundation in New Dehli, I was 
to learn that an almost identical situation 
applied in Kerala, India.  

Although iodized salt was in use, the 
high humidity and cooking methods 
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tended to volatilize the iodine. I therefore 
recommended the development of 
kelp forests. Indonesia had solved the 
problem of malnutrition and infection 
with a remarkably worthwhile Posyandu 
organization across the country which 
cared for pregnant and lactating women 
and mothers with young children, 
providing for vaccinations, nutrition 
advice, the monitoring of infant growth 
and strong community support for the 
mothers and children. Protein-calorie 
malnutrition, vitamin A deficiency were no 
longer a problem: however, both iodine 
deficiency and anaemia in pregnancy was. 
They are now developing kelp farming in 
waters around Bali. The kelp is very rich in 
iodine and other trace elements as well as 
providing some Omega-3 fatty acids. 

 It is a common fact that for millions of 
years, it has been raining on the land and 
the elements have been washed from the 
land into the sea. In previous history, this 
meant that the coastal resources were 
extremely rich and would have provided 
evolving humans with a wealth of brain 
foods. So when people talk about the 
importance of fish oils, it is clear that 
seafood have a much greater significance 
in the provision of these trace elements 
as well. This fact represents a problem of 
genetic engineering of plants to make 
DHA. The loss of trace elements from soils 
in recent millennia has been exacerbated 

by intensive agriculture (Thomas, 2007). 
Besides, there is no need for genetic 
engineering of plants as marine algae can 
make DHA and also contain trace elements.
 
The Uniqueness of 
Docosahexaenoic acid

Since the evolution of the cephalopods 
and possibly as far back as before the 
Cambrian explosion in the dynoflagelates 
with their eye spot, DHA is found as the 
principle structural component of the 
visual system, synapse and neurones.  It 
is present at greater than 50 percent 
of the photoreceptor membrane lipids 
which includes di-docosahexaenoic 
acid molecular species of the 
phosphoglycerides in the cephalopods, 
fish, amphibia, reptiles, birds, mammals 
and ourselves. This richness of DHA in the 
photoreceptor is shared with the synapse 
and neurones.
	
There are two molecules which differ 
from DHA by only two hydrogen atoms 
(the Omega 6 and 3 docosapentaenoic 
acids DPA,  see Figure 2), one of these is 
a precursor for DHA. Yet neither was used 
throughout this 500–600 million year 
period of evolution.  Biology thus seems 
highly sensitive to the slight difference of 
the one double bond between DHA and 
the DPA molecules. The presence of DHA’s 
full complement of six double bonds is for 

Figure 2.  The Uniqueness of DHA. A million-year track record in 
                     neural signalling structure and function. 
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some reason an important priority in neural 
membranes and from the evolutionary 
record would seem to have been conserved 
in this capacity for 500 million years or 
more.  This to me is the most compelling 
evidence for the absolute essentiality for 
DHA in the brain. It is a far superior order 
than any randomized clinical trial which 
cannot hope to test the significance of 
500 million years of conservation which 
was tested by natural selection and 
genomic change over the whole stretch of 
vertebrate, animal evolution. This evidence 
combined with the experimental evidence, 
especially in gene instruction, adds to the 
case for a coastal origin of hominid cerebral 
expansion.

Is DHA the ultimate in 
liquidity for cell membranes

The significance of DHA to brain function 
is now recognized. However, there is 
still debate on its mechanism of action 
which is largely considered to be its high 
degree of liquidity.  We have speculated 
that its unique, six methylene interrupted 
cis-double bond sequence (all-cis-docosa-
4,7,10,13,16,19-hexaenoic acid, C22:6ω3) 
may be responsible for its mechanism of 
action and its extreme conservation in 
neural tissues (Bloom, et al., 1999). 

The conventional view that DHA is 
“needed” for liquidity is teleological and 
Lamarkian.  More scientifically, Bloom, et 
al., (1999) discarded the idea of liquidity as 
an explanation for its striking conservation 
in neural systems for over 500 million years 
of evolution. The difference in liquidity 
between the ω3-docosapentaenoic acid 
(all-cis-docosa-7,10,13,16,19-pentaenoic 
acid C22:5ω3, ω3DPA) with only one double 
bond different) and DHA is marginal. Yet 
the ω3DPA being en route to DHA, is more 
readily synthesized, less difficult to obtain 
from the food chain and less vulnerable to 
oxidative damage,  yet it has not replaced 
DHA in the visual and neural systems in the 
teleosts, elasmobranches, cephalopods, 
fish, amphibia, reptiles, birds or mammals.  
The ω6 DPA, which also differs from DHA 
again by the absence of one double bond 

(between carbons 19-20) does not replace 
DHA except under extreme, artificial 
deficiency conditions in the laboratory 
and infant feeding with formula deficient 
of omega 3 fatty acids. Even so, the 
replacement is only partial and function is 
depressed. Infants fed without DHA in the 
formula effectively lost visual acuity to the 
equivalent of failing 1.5 lines on the eye 
chart (Birch, et al., 2010).

Nature’s preference for DHA in the brain 
is strikingly demonstrated in large, 
vegetarian land mammals, in which DPA 
is the dominant ω3 metabolite found in 
non-neural tissues and thus abundantly 
available (Crawford, et al., 1969).  Yet neural 
membranes even in these mammals still 
conserved the DHA-rich composition. 
During the evolution of the land mammals, 
this retention of composition in land 
mammals was associated with economy in 
brain size. There was a logarithmic decline 
in relative brain size as they evolved larger, 
protein-rich,bodies based on food structure 
with only the precursors, linoleic and 
α-linolenic acids found in plants (Crawford, 
et al., 1993). 

The slow rate of desaturation of the fatty 
acids especially in the insertion of the 
last double bond (Figure 1) explains 
the difficulty of accumulating DHA from 
land food.  In the marine food chain, the 
photosynthetic systems produce a profile 
of the simpler Omega-3 fatty acids with 
some producing DHA itself.  The animals 
which browse these substrates are eaten 
by small sea animals which are then eaten 
by bigger animals which themselves get 
eaten. At each step the DHA proportion 
is stepped up but that of the 18 and 20 
carbon chain lengths diminished.  This 
principle of bio-magnification is the same 
as we reported on biomagnifications in 
human fetal development: the placental, 
figuratively speaking, eats the maternal 
blood, the fetus then eats the placental 
product which is deposited in the liver 
and then eaten by the developing brain 
(Crawford, et al., 1976, see Figure 3).  A 
study of the human placenta indicated 
that the process was Nature’s  preferential 
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selection for the DHA and not its 
synthesis from precursor. There is very 
little precursor in the fetal circulation and 
beyond: biosynthetic conversion would be 
academic (Crawford, 2000).

Conservation of brain 
chemistry in land and marine 
mammals 

The comparative evidence shows 
that while the fats may vary in the cell 
membranes from species to species 
depending diet and genes, brain chemistry 

is highly conserved. The brain is built 
to a tight specification according to 
the availability of the essential fats.

Certain mammals left the land to 
radiate into the marine habitat 
starting about 50 million years ago. 
With unlimited access to the DHA 
food web, the marine mammals 
retained a far better brain body 
weight harmony. The dolphin for 
example has 1.8 kg brain which 
compares to little more than 350 g 
in a zebra which has a similar body 
weight.
 
This loss of brain capacity is 

universal in large land mammals.  

The migration from land to sea occurred 
over approximately a 50-million year period 
with wave after wave of land mammals 
occupying the land-water interface and 
becoming increasingly committed to a 
marine habitat.  There must have been a very 
strong mental force for them to become so 
irrevocably committed to a marine habitat.  
One can only guess that the brain specific 
nutrients of the marine system was that 
driving force.

Figure 4. Essential fatty acid content of the inner membrane lipids in liver and brains of 42 species. 
Note variability in the liver and the uniformity on the brain. It is not the chemistry of the brain that 
differs between species it is the extent to which it evolved.

Brain Essential Fatty Acid 
CompositionEthanolamine Phosphoglycerides

Source: Crawford M, Casperd N. Sinclair AJ (1976) The long chain 
metabolites of linoleic and linolenic acids in liver and brain in herbivores 
and carnivores. Comp. Biochem. Physiol. 54B: 395‑401.

Liver Essential Fatty Acid 
CompositionEthanolamine Phosphoglycerides

Source: Crawford M, Casperd N. Sinclair AJ (1976) The long chain metabolites 
of linoleic and linolenic acids in liver and brain in herbivores and carnivores. 
Comp. Biochem. Physiol. 54B: 395‑401.

Figure 3. Biomagnification of DHA: Mid term data 
(Crawford et al Lancet 1976).
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It is difficult to imagine there was a sudden 
genetic change that one day led to that 
excursion from land to sea. The evidence 
of vestigial legs in a dolphin embryo 
and the presence of all the anatomically 
identical arm bones and the bones of 
the hand and fingers in the flipper of the 
dolphin strongly argue the case of gradual 
epigenetic changes leading to the total 
commitment to the marine habitat (Figure 
5 and 6).  They evidently still have the 
genes for arms, hands and legs. Just as 
the economy expressed in land mammals 
with the shrinking brain in response to the 
poor availability of DHA so similarly, the 

epigenetic response to a high phosphorus/
low calcium diet might have led to 
economy with calcium and shrinking long 
bones with the hand becoming covered 
in skin to make the paddle. The seafood 
and DHA-rich diet would have favoured 
intelligence, greater sensory perception 
and happiness acting to drive these land 
mammals into the sea.  

A human example of the 
transition from land to sea

The El Molo whom we visited in the 1960s, 
lived on the shores of Lake Turkana, often 

Figure 5. Zebra and Dolphin livers: A comparison of the evolution of the brain on 
land and in the sea in relation to the availability of DHA in the food web. 

Figure 6. The arms and hands of the Dolphin.
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referred to as the Jade Sea.  They relied 
on food and fish from the lake as Mount 
Loiengalani had created a lava desert down 
to the lakeshore.  Their fishing methods 
meant that they only caught largish fish 
and in consequence had little calcium in 
their high phosphorous diet.  Their shin 
bones were bent and they complained 
of pain in their legs (Figure 7) which was 
relieved when they waded in water to 
catch the fish. Quite plausibly, they were on 
their way to becoming freshwater dolphins!  
This evidence is important as it sheds light 
on the transitional epigenetic changes that 
might have participated in driving land 
mammals into the sea, wave after wave, 
over a 50-million year period.
 
The last translocation in the migration 
of mammals from land to sea took place 
with the Dolphins. They finally cut ties to 
the land about 7 million years ago. This 
timeframe coincides with the separation 
from the great apes of the line that came 
down to humans.  This gene separation 
meant that the pre-human ape was 
separate, i.e., distant from the other apes. 
The forest fringes and savannah edges 
would leave the pre-humans with the 
possibility of intermingling and breeding.  

A likely scenario is that exploration of rivers 
down stream would have eventually led 

them to an estuary where they would have 
seen the seabirds opening oysters, mussels 
and eating other aquatic life. They would 
have been led by the seabirds to empty 
beaches, rocky outcrops and pools, laden 
with food, indeed the richest food resource 
on the planet: the Dolphins had gone! 

H. sapiens does not have a 
large brain

Of the large mammals, the Dolphin, with 
about 1.8 kg of brain at one percent of 
its body size, comes the closest to Homo 
sapiens with two percent of its body size as 
brain.  At just under two percent, H. sapiens 
has a brain body weight ratio which would 
be totally exceptional if considered as 
a land-based mammal. Interestingly, H. 
sapiens has a smaller brain body weight 
ratio than a squirrel which at nearly 2.5 
percent is greater than H. sapiens. 

The conclusion from this fact is that 
without exception, evolution on land 
from the small beginnings,  resulted in 
diminishing relative brain size, a feature 
readily explained by the lack of DHA in 
the land food web together with the 
rate limited synthesis being outstripped 
by the velocity of protein accretion and 
body growth as referred to earlier in the 
rhinoceros.  Note in Figure 5, the buffalo 

Figure 7. El Molo Fish eaters: Bent tibia (photo from Dr. Roy Shaffer).
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liver lipid is quite rich in the land plant 
precursor α-linolenic acid. There is also 
significant amounts of EPA and even the ω3 
DPA (C22:5ω3) but despite this wealth of 
precursor, it fails to synthesize much DHA. 
The contrast with the Dolphin lipids in this 
respect is striking.  

If we compare the relative size of the brain 
with small mammals and H. sapiens, it is 
clear we have not really won a big brain 
at all. What happened was that we must 
have found an ecological niche which 
enabled brain growth to keep pace with 
body growth. From the evidence base that 
ecological niche could not have been on 
land: it had to be at the water’s edge.  The 
richness in DHA and trace elements of this 
niche enabled the evolving primate to 
maintain a harmony of growth that was 
denied the large land mammals.

A role for the land-based 
lipid — arachidonic acid

Both arachidonic and DHA are needed 
for the growth and development of the 
brain and its function (see Figure 2, 
Crawford and Sinclair, 1972).   Prior to the 
collapse of the giant reptiles, flowering 
plants had been evolving. By the end 
of the Cretaceous period, the flowering 
plants and those with protected seeds 
developed in abundance. Green plants 

provided alpha-linolenic  acid. However, 
the oils stored in the protected seeds was 
and still is, largely the Omega-6 linoleic 
acid, the precursor for arachidonic acid. 
The synthesis of arachidonic acid is more 
readily achieved compared to DHA.  
Data we obtained over the years on 42 
mammalian species showed that the ratio 
of arachidonic acid and its chain elongation 
product (C22:4ω6) to DHA is between 1 
and 2 to 1. The marine mammals like the 
Dolphin, with their large brain to body 
weight ratios, are none the less lower than 
Homo. They are constrained not by DHA 
but by the paucity of arachidonic acid in 
the marine food web (Caraveo-Patin, et 
al., 2009).  Homo by contrast would have 
obtained arachidonic acid from birds, eggs 
and small mammals.

Arachidonic acid  is the precursor for 
adhesion-type prostaglandins as well 
as the prostacyclin which is important 
in vasodilation and anti-thrombus 
formation (Min and Crawford, 2004). It 
is plausible that arachidonic acid, in this 
way, contributed to the physiological 
changes which led to the egg adhering 
to the placental wall, angiogensis and the 
vascularisation of the placenta which then 
led to the evolution of the mammals.

Whatever happened, it is clear that the 
advance to placental mammals resulted in 

Figure 8.  Land-based mammals compared to H. sapiens. 
Homo sapiens does not have a big brain, large land mammals have small brains!
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a leap in relative brain capacity compared 
to the previous egg-laying systems.  
Arachidonic acid is the major fatty acid in 
the inner cell membrane of the vascular 
endothelium. Hence the availability of 
Omega-6 fatty acids in abundance after 
the emergence of the flowering plants and 
protected seeds, would have facilitated 
the development of the vascularization of 
the region of adhering egg leading to the 
vascular development that became the 
placenta.

 A littoral ecosystem would therefore have 
provided an evolving primate with access 
to both arachidonic acid and DHA and 
hence would have had the best of both 
worlds. This harmony of brain-specific fatty 
acids would have been accentuated by 
the fact that warm water fish in the rivers, 
lakes and sea are also a significant source of 
arachidonic acid (Broadhurst, et al., 1998). 
This double advantage would have been 
important to a small evolving primate, 
long before it was sufficiently large to take 
on hunting game animals as is a common 
perception.  

Sea and lacustrine food and fish would 
have been incredibly abundant and simple 
to catch. The museum in Heavenly on the 
Nevada-California border describes the 
Indians who lived around Lake Tahoe as 
never bothering to make boats as all they 
had to do was to wade into the water to 
catch the fish by hand.

Another simple reason for the coastal 
origin lies in our teeth and the discovery 
of how to use fire which was quite late 
in human evolution.  Our teeth lack the 
skin-tearing capability of the carnivores 
and even omnivorous species such as 
baboons.  At its simplest level, to evolve a 
large brain, in addition to what has already 
been discussed requires a high energy 
input. During fetal development, the brain 
uses 70 percent of all the energy supplied 
to it from the mother for brain growth and 
after birth it is still at 60 percent.  Until fire 
and cooking became a part of the system, 
food was eaten raw.  We eat vegetables 
but these have a low energy density. 
However, seafood are still eaten raw as in 
oysters and sushi.  Seafood and fish would 
have been a simple solution to providing 
energy, micronutrient and brain specific 
lipids simultaneously. If this is doubted, just 
think of how fat a walrus or elephant seal is, 
which become enormously fat eating this 
type of food.

The sum of this evidence puts the 
evolution of H. sapiens firmly at the marine 
and lacustrine coastlines with access to 
preformed DHA from the aquatic resources. 
And freshwater to drink from the estuary.  
Support for this conclusion comes from 
incontrovertible evidence of extensive 
exploitation of the marine food chain by 
our ancestors was dated to some 180,000 
years ago. The evidence contains culturally 

Fish and habitat Fat (gy100 g meat) AA (mgy100 g meat) DHA (mgy100 g meat)

Tropics 

                     Indian Halibut  1.7 102 168

Rift Valley Lake Nyasa, Tanzania

                    Mbelele (catfish) 10.3 421 842

                    Njenu (carp) 4.9 270 363

                    Mfui (local sp.) 1.1 84 200

                    Kambale (local sp.) 1.8 99 227

Lake Turkana, Kenya

                     Tilapia species 2.3 184 343Perc

Perch 2.6 190 447

North Atlantic

                     Salmon 9.8 112 1601

Table 1. Arachidonic acid content of Rift Valley Lake fish compared to Salmon.
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significant ochres and decoration 
of tools, at a time coincident 
with the  emergence of modern 
humans (Trapani,  2008;  Klein, et 
al., 2004; Marean, 2010).  In that 
sense human evolution would 
have had the best of both worlds.

The real and present 
challenge with 
escalation of disorders 
of the brain

The paucity of the marine nutrient 
cluster on land meant that land 
based mammals lost relative brain 
capacity as they evolved larger and 
larger bodies.  
  
Sadly in western countries, fish and 
seafood, once a mainstay of the 
food system, has been lost through 
pollution of the estuaries and 
coastlines in not much more than 
one century following the industrial 
revolution. In Maryland, USA, 616,000 
tons/year of oysters were being 
harvested in the late 1880s. In 2004, it 
was only 12,000 tons.  The oyster shell is 
mainly solid calcium carbonate. In 1889, 
this meant they sank 270,000 tons of solid 
CO2 on land. In 2002, the loss of the carbon 
sink was only 7,000 tons. The difference of 
263,000 tons of CO2 not sunk is from just 
this one estuary.

In London around 1900, the bar men in the 
East-end would go down to the Thames 
and collect oysters to put on the bar for 
free for those who bought beer. Today, 
there are no oysters to gather. The Rhine, 
the Ganges, Yangtze, and Jakarta Bay to 
name but a few, have been destroyed. 
The pollution has been worldwide in its 
destruction of the ecological niche where 
the marine food chain should take off in 
earnest. The Firth of Forth where I grew 
up in Scotland enjoying fresh seafood 
gathered from the shore now has notices 
warning that seafood is not fit for human 
consumption. An estuarine destruction in 
the first half of my life time is illustrated in 
Figure 10. The Firth of Forth used to be 

renowned for its seafood.

The warm shallow waters of the coasts 
and especially the estuaries, allow 
the penetration of sunlight to foster 
photosynthetic systems of many sorts. 
In addition to the phyto-plankton which 
provide food for filter feeders and fish, the 
weeds offer the sanctuaries and feed for 
the seafood and fish. Added to this mix is 
the mineral wealth that was washed from 
the land by the rain into the rivers and 
estuaries. The tragedy of the Maryland loss 
of the massive oyster harvest will have 
been repeated worldwide with but a few 
exceptions. This loss of carbon fixation by 
the photosynthetic life of the estuaries is 
likely to be equivalent to the loss of several 
rainforests yet there is little comment on 
this matter.

Fortunately in 2009 at a meeting in Manila, 
the Ministerial Forum at the Third East 
Asian Seas Congress adopted the Manila 
Declaration entitled “Strengthening the 
Implementation of Integrated Coastal 
Management for Sustainable Development 

Figure 10. A sign posted in Firth of Fort, Scotland. 
Photo: Crawford.
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and Climate Change Adaptation in the 
Seas of East Asia Region.” Key issue No. 2 
was the agreement by all nations present 
to respond “to common threats posed 
by uncontrolled development of coastal 
areas, poverty, resource degradation and 
marine pollution from land- and sea-based 
sources”.

The Declaration of Manila along with the 
preceding Declaration of Muscat, Oman, 
were presented to the Climate Conference 
in Copenhagen, on 6–18 December 2009. 
However, awareness of this issue still seems 
missing in the North Western countries 
where the pollution of the estuaries is 
almost total with few exceptions in sparsely 
populated northern regions.

The significance of this 
evidence is important to the 
future of humanity 

Brain disorders now account for the highest 
cost in the burden of ill health in Europe 
with a price of €386 Billion Euros at 2004 
prices (Andlin-Sobocki, et al., 2005).  A 
question by Lord Morris at that time in the 
UK Upper House of Parliament revealed 
that no estimate had been made of the 
national cost of brain disorders in the UK.  
Subsequently, Dr. Jo Nurse, head of the 
Mental Health Division of the Department 
of Health did the assessment which was 
that the cost in 2007 had reached £77 
billion, a cost greater than heart disease 
and cancer combined. The estimate by Dr. 
Jo Nurse is now £105 billion. 

Moreover, the rise in brain disorders is 
being globalized.  It is predicted by the 
Global Forum of Health to be in the top 
three burdens of ill health worldwide by 
2020.  The first three are heart disease, 
perinatal conditions (adverse pregnancy 
outcomes) and mental ill health. All three 
have a nutritional background.

There is compelling evidence that the 
reasons for all three to be related to the loss 
of ‘sea food’ and their replacement by ‘land 
food’ (Hibbeln, et al., 2002, 2004, 2007). 
The risk of this loss and hence seafood to 

the human brain, exposes the mistake in 
food policy last century which was based 
on increasing  physical growth of plants, 
animals and humans instead of considering 
the requirements for the brain. The primary 
concern was and still is protein. Protein 
is important for body growth. However, 
the evidence clearly tells us that there 
are different principles involved in body 
growth on the one hand and brain growth 
on the other. It is vital that in this century 
the focus must be on the requirements of 
the brain. 

The fish provision is currently based on 
the Stone Age principle of hunting and 
gathering.  The total wild catch plateaued 
about 20 years ago. Aquaculture has 
advanced remarkably. However, culture 
of carnivorous fish depends on the wild 
catch which means it too will reach a limit.  
Already, signs are there in adulteration 
of the fish with vegetable oils. This 
adulteration will have two impacts. First 
it will deplete the nutritional value for 
Omega-3 fatty acids. Secondly, it runs the 
risk of introducing a BSE like problem as 
happened with cows when the nutritional 
principles of the species was abandoned 
to save costs. A further problem of using 
land-based food is that the fish and 
seafood are not just of value for their oils 
but as mentioned above, also for the trace 
elements such as iodine, selenium, zinc, 
manganese and copper, all of which are 
essential for the brain and specifically 
for the anti-oxidant enzyme defences. 
Unfortunately, the land has been washed 
over millions and millions of years. Iodine 
deficiency is a problem for inland people 
and affects 2 billion people today. The 
solution needs the agriculturalizing  of the 
oceans and enhancing the development, 
use and consumption of seafood 
worldwide. 

In conclusion,  DHA appears to have 
been conserved in neural signalling 
systems during animal evolution. The brain 
evolved in the sea 500 million years ago 
using DHA for its signalling structures.  
Despite evolution from dynoflagelates to 
ammonites, to trilobites to fish, amphibia, 
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to the reptiles, to dinosaurs, giant 
mammals. primates and humans it is still 
the major functional and only Omega-3 
component responsible for vision, all 
sensory and motor functions and cognition 
as well as participating in the control of 
blood flow and neural gene expression. Its 
availability from land systems is very poor. 
With brain disorders having overtaken 
all other burdens of ill health in Western 
countries and being globalized (Global 
Forum of Health) solutions are urgently 
needed to arrest and reveres this rise in 
brain disorders and mental ill health. In 
addition, the marine food chain is not 
just about fish oils but it is also vital for 
other nutrients including iodine and trace 

elements.  This rise in brain disorders 
threatens the very essence of what makes 
us human. That threatens the sustainability 
of our own species. It is the brain which 
makes humans different from other 
animals. This fact focuses on the need this 
century to redefine food policy so that it 
specifically serves the nutrition of the brain, 
especially during fetal and early neonatal 
development. To meet that requirement 
there is a need also to develop the marine 
food web this century and that means 
addressing estuarine and coastal pollution 
which has been killing the forests of the 
oceans. With the wild catch having reached 
its limit some 20 years ago, the solution 
has to involve the development of marine 
agriculture.
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