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Editorial 

Crosland on growth 
Anthony Crosland's Fabian tract, A 
social democratic Britain, is a unique 
pot pourri of the inaccurate, the exag
gerated, and the mistaken. 

Mr Crosland is a great believer in 
growth. Without it, he argues, social 
and environmental quality are unattain
able, since they can be bought only 
through a reallocation of resources, 
which in turn requires increased public 
expenditure and higher taxation. Ap
parently these are out of the question, 
because they would involve "an absol
ute decline in the real incomes of the 
better off half of the population (which 
incidentally includes large numbers of 
working class voters); and this they will 
frustrate". 

One would not bother to dismember 
such a feeble argument, were it not for 
the fear that Mr Crosland might one 
day return to watch over the environ
ment. There are many good, reasons 
why growth will not lead us to the good 
life, most quite simple. I hope he can 
manage these four: 

1. Social quality does not depend on 
the accumulation of material goods. No 
member of a !Kung Bushman camp 
ever wants for food, all meat is shared, 
and all old people are respected and 
well-cared for. Their economy is in 
equilibrium—indeed they have no 
money. It is naive to expect people with 
a bit more cash to be any the more will
ing to part with it. I t is no coincidence 
that England's period of greatest 
growth, the Industrial Revolution, was 
also its period of greatest public squalor. 
Nor that in the US today, with a much 
higher standard of living, old people are 
worse off than ever before. A Senate 
special committee has reported (Guar
dian, 18.1.71) that a quarter of 
Americans over 65 live in poverty, and 
the number is increasing by some 
200,000 a year. Their medical bills 
alone went up 42.2 per cent in two 
years. 

2. Social and environmental reform 
require a more honest and humane dis
tribution of public money, not more 
taxation. Mr Crosland implies that cur
rent expenditure is not only sensible 
but immutable, when manifestly it is 
neither. The Concorde research and de
velopment programme has already cost 
the country £220 million and will cost 
us at least another £185 million, pro
vided it isn't revised upwards again. We 
could reclaim all of Britain's derelict 
land in only 10 years for £190 million 
(12,000 acres at £19 million a year), but 
the Government prefers to spend £260 
million a year on persuading industry 
to go to those development areas where 
the dereliction is concentrated. 

3. An annual growth rate of 2.2 per 
cent means that the demand for goods 
and services (and hence on resources) 
will have doubled by the year 2003. 
There are insufficient raw materials to 
meet this demand for more than a 
couple of generations at the outside, let 
alone that of the rest of Europe, Japan, 
and North America. Mr Crosland casti
gates those of us who oppose growth as 
"indifferent to the needs of ordinary 
people". Fundamentally, he says, we 
want to kick the ladder down behind 
us. Selfish environmentalists, of course, 
were the chief proponents of London's 
Westway, dismissing the fuss about the 
suffering residents of Acklam Road as 
a sentimental and modish concern for 
social and environmental quality. Work
ing class people, we said, don't need 
that sort of thing. Such a slight is not 
only demonstrably untrue, it is also 
brazenly hypocritical—since self-con
fessedly Mr Crosland will stomach 
equality as long as it doesn't mean less 
for Labour voters. 

If he raised his humanitarian gaze 
beyond the confines of his constituency, 
he would see that we maintain our pre
sent standard of living at the expense 
of that of the undeveloped world, and 
if we genuinely wish for greater equality 

of wealth then we must expect and pro
mote a diminution of our own. 

4. The cost of pollution control 
grows with production. Mr Crosland's 
contention that "the greater part of the 
environmental problem stems not from 
present or future growth, but from past 
growth... it is a problem of existing 
slum housing, polluted rivers, derelict 
land and belching factories", shows 
that he is either mischievous or incap
able. We continue to make land derelict 
much more quickly than we reclaim i t : 
the official figure for the net increase in 
dereliction between 1965 and 1968 is 
13,870 acres. Cleaning up existing mess 
costs very little compared with preven
tion of further pollution. To give an 
extreme example: if RTB's steelworks 
stopped production today, the grossly 
polluted River Ebbw would flush itself 
clean in no time. It is even possible that 
storm floods could remove the 4 inches 
of tar and iron hydroxide on its b e d -
but a few bulldozers could do the job 
quickly enough. However, to prevent 
pollution, RTB are installing a £1 mil
lion treatment plant. As with public, so 
with industrial expenditure—it is a 
question of how we distribute our costs. 
The Beaver Committee estimated that 
air pollution costs the country £350 mil
lion a year. Surely industry should spend 
more than £32 million a year on con
trolling it? It does not need to grow 
to pay a greater proportion, nor will 
growth help it to do so. 

No, Mr Crosland, growth benefits 
only the few. Nobody can repeal the 
law of diminishing returns and already 
we are spending more and more on 
less and less, because there are too many 
of us and our standard of living is too 
high. If your working class constituents 
want lower housing densities, better 
schools and hospitals, and greater 
mobility, then you should press for a 
policy of population control. That, and 
a good deal more courage and honesty 
in Government. 
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Fertilisers and sewage 
In Britain many millions of gallons of 
sewage-laden water flow into the sea 
daily from rivers and coastal habita
tions. This water is often already rich 
in dissolved minerals such as nitrates 
and phosphates from fertilisers applied 
to the land and from breakdown of 
domestic waste in sewage treatment 
works. Under normal conditions plant 
productivity in the sea is limited by the 
quantities of nitrates and phosphates 
naturally occurring there. Presented 
with unlimited supplies of these chemi
cals in the sea, minute plants (phyto-
plankton) often proliferate rapidly pro
ducing a phytoplankton bloom. In open 
waters this rarely presents a problem to 
the herbivorous animals which feed on 
the phytoplankton, and indeed, an in
creased yield of fish may result. How
ever, in estuaries and other areas where 
water exchange with the open ocean is 
limited, overproduction of phytoplank
ton is often damaging. In extreme cases 
the phytoplankton may become so 
thick that the gills of fish and filter feed
ing mechanisms of other animals, such 
as shellfish, become clogged. The waste 
products produced by blooms can be 
extremely poisonous to other marine 
life. For instance, blooms of certain 
phytoplanktonic single-celled organisms 
known as dinoflagellates produce a par
ticularly virulent type of nerve toxin 
which can kill or incapacitate thousands 
of larval and adult fish, and other 
animals. Beds of filter-feeding shellfish 
(oysters, clams, mussels, cockles) can 
be rendered unsaleable as a result of 
build up of these toxins within their 
bodies. Indeed many human deaths have 
resulted from eating shellfish polluted 
in this way. The increasingly regular 
occurrence of poisonous algal blooms is 
giving rise to some concern in certain 
parts of the world, including the Scan
dinavian and North European countries. 

Organic matter piped or dumped into 
the sea produces similar signs of over 
production as marine bacteria break it 
down and minerals are released. Signi
ficant contributions to the quantity of 
organic material present on the sea bot
tom can result from a rain of dead 
phytoplankton produced in quantity as 
a result of high levels of dissolved nut
rients. The decomposition of organic 
matter uses up oxygen and in many 
sheltered areas where excessive organic 
material is present deoxygenation occurs 
near the bottom, and in some cases 

throughout the water column. This re
sults in death or decrease in viability of 
animals that are unable to move away 
from the area. The fauna thus tends to 
become impoverished with only a few 
of the most tolerant species remaining. 
An influx of non-toxic organic waste 
can cause serious deterioration of cer
tain fish, shellfish, and prawn feeding 
and nursery grounds in several ways: 

1 The oxygen levels are so reduced 
that adults cannot stay in the area, 

2 The adults are able to spawn but 
there is too little oxygen for 
hatching of the eggs and develop
ment of the larvae. 

3 The organisms on which the 
animals feed have been eliminated 
or seriously reduced in numbers. 

4 The profuse growth of bacteria 
in these polluted waters is in
jurious to the hatching of eggs and 
survival of larvae. 

5 The turbidity of the water is 
increased to such a degree that it 
influences development and sur
vival of pelagic eggs and larvae. 

Al l of these influences have been proved 
to operate in laboratory and field ex
periments. The Oslofjord is one site 
amongst many where growing evidence 
reveals that as a result of conditions 
caused primarily by sewage discharge 
the stocks of commercial marine 
animals are steadily declining. 

The discharge of organic matter and 
effluent rich in minerals into the sea has 
many long-term disadvantages. These 
effluents could seemingly more profit
ably be returned to the land from which 
they came (Ecologist, 1 (5)). 

Rubbish 
Some organic products are very resis
tant to breakdown by bacteria and the 
current use of plastics and other durable 
materials presents a difficulty of dis
posal as landfill areas become scarce, 
which has been "solved" in some cases 
by dumping in nearshore waters. 
Reports have been made of such debris 
obliterating the habitats of many 
organisms, leading to the impoverish
ment of local flora and fauna. Even the 
deepest trenches of the ocean now fre
quently yield products of our civilisa
tion. The unrestricted dumping of re
fuse from ocean-going vessels has led 
to the strandlines of even the remotest 

shores being cluttered with beer cans 
and plastic containers. The age of the 
non-returnable container is upon us!! 
The production of disposable containers 
cannot go on ad infinitum as the sources 
of material for construction are finite. 
I t is surely better to make a greater 
effort now in seeking methods of re
cycling our rubbish than to wait until 
the cupboard is bare. 

Pulp mill liquors 
Industry, because of the demonstrable 
harm already done by its waste pro
ducts on land and in fresh water, tends 
now to expel much of its liquid waste 
into the sea, but here also the effects 
on marine life are being noticed. Sul
phite liquors from pulp mills have been 
seen to interfere with the assimilation 
processes of phytoplanktonic organisms 
which are the first essential link in the 
food chain of most marine life. 
Although in low concentrations liquors 
do not kill animals outright, feeding and 
growth of oysters can be interrupted, 
larval development and behaviour of 
herring affected, and many species of 
fish suffer respiratory difficulties. 

Heavy metals 
Many types of industrial waste contain 
heavy metals in solution. These metals 
are normally present in minute quan
tities in unpolluted seawater where their 
concentration has been reasonably con
stant for millions of years. Marine 
organisms therefore have not evolved 
mechanisms to protect themselves from 
large fluctuations in metal concentra
tion. Thus most organisms are unable 
to prevent the concentration of metals 
within their body tissues passively rising 
to a level which, even if not lethal, may 
affect their body chemistry. In fact, 
some filter-feeding animals, especially 
those with calcareous shells, will 
actively concentrate metals to a level 
many thousands of times higher 
( X 200,000) than that in the surround
ing seawater. 

Copper and zinc The growth of the 
large brown seaweeds of inshore waters 
is adversely affected by an excess of 
copper and zinc in the water, and when 
a quantity of copper sulphate was 
dumped in Dutch coastal waters the 
mortality of mussels in beds several 
miles away was alarming. 

Experiments on other shellfish more 
resistant to heavy metal poisoning have 
shown that sub-lethal amounts of cop-
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per and zinc lead to regressive changes 
in the gut diverticula and damage to 
the stomach wall. Predatory animals 
which do not normally accumulate 
metals may as a result of their feeding 
behaviour attain a sufficient quantity of 
these metals to kill them. For example, 
an inshore demersal fish feeding on the 
ragworm may die as a result of the 
worm's ability to concentrate copper in 
its tissues; Copper and zinc discharged 
from estuaries may prevent Atlantic 
Salmon reaching their spawning 
grounds, for it has been discovered that 
they will avoid waters containing these 
pollutants even at very low concen
trations. 

Mercury and Silver The industrial 
uses of mercury compounds are numer
ous; they are used as fungicidal seed 
dressings, in paper making, and as cata
lysts in the manufacture of PVC. 
Numerous cases of sterility of seed-eat
ing birds and predators, including man, 
have been traced to the habit of seed 
dressing with mercury compounds. This 
practice is also a hazard to coastal 
marine life which is exposed to mercury 
as a result of fresh-water run off. A 
recent research report that a very low 
concentration (1 part per billion) of fun
gicidal mercury is sufficient to cause a 
50 per cent drop in photosynthetic 
activity of a phytoplanktonic test 
organism is particularly alarming, for 
such concentrations are frequently 
found at the mouths of rivers draining 
agricultural land and near industrial out
falls. I t is possible that inshore phyto-
plankton (and consequently those 

animals that feed on it) are being 
seriously affected. 

The concentration of mercury and 
silver found around certain industrial 
outfalls is also sufficient to cause abnor
mal or inhibited development of eggs 
and larvae of certain barnacles and sea 
urchins. Other marine organisms, how
ever may accumulate metals without 
any readily apparent harm being done 
to them. Some shellfish and fish have 
such a high concentration of mercury 
within their tissues that people are ad
vised not to eat them for fear of being 
poisoned. From 1953 to 1960 almost 
one hundred people were killed after 
eating fish and shellfish taken from 
Minamata Bay in Japan. The cause of 
their death was a lethal amount of mer
cury in the bodies of the marine life 
derived from the mercury-laden effluent 
of a plastics factory. 

The danger of mercury in the marine 
environment has now been recognised 
by many governments, but how many 
other metals may be accumulating un
detected in the bodies of sea life? 

From the few examples cited it can 
be seen that the directly poisonous 
action of heavy metals is not the only 
consideration, for there is evidence that 
long-term accumulation and concentra
tion of metals by marine organisms can 
lead, if not always to their own death, 
to death of others that eat them. Clearly 
discharge of heavy metals into coastal 
waters should be actively discouraged. 

Pesticides and PCBs 
Pesticides are deliberately applied in the 
terrestrial environment in order to con

trol insect pests, weeds, fungi etc. They 
reach the sea not only as a result of 
land drainage, but also from the atmos
phere. Indeed, it has been concluded 
by some American workers that the 
observed distribution of the chlorinated 
hydrocarbon pesticide DDT and its re
sidues off the coast of California can 
only be explained by assuming distribu
tion through the atmosphere. Corro
boratory evidence for atmospheric dis
tribution comes from the fact that 
organochlorine residues can be detec
ted in ice and in the fatty tissues of 
penguins and seals from the Antarctic 
where pesticides to the best of our know
ledge have never been applied. 

Polychlorinated biphenyls (PCBs), 
unlike pesticides, reach the environment 
by accident. They are used in the manu
facture of paints and varnishes, as soft
eners in plastics, and for improving elec
trical insulation in cables. Many high 
temperature lubrication oils now con
tain PCBs. PCBs reach the ocean in 
liquid waste from industrial and domes
tic sources, from decomposing rubbish 
dumped at sea, and from the atmos
phere polluted by smoke from industry, 
motor vehicles and rubbish dumps. 

The danger of both chlorinated 
hydrocarbon pesticides and PCBs is that 
they are extremely stable and persist for 
long periods of time without biodegrad-
ing into a harmless form. Some organo-
chlorines have been in use for 30 years 
or more so that if only minute quanti
ties have been reaching the sea during 
this period they have had time to build 
up in the water and sediments. In addi
tion many invertebrates have the ability 

Beach strandline in the age of the non-returnable container. 



to concentrate them many thousands 
of times and store them in their fatty 
tissues in much the same way as metals 
are concentrated and stored. 

Many planktonic species of animal 
and plant as well as fish and benthonic 
invertebrates are extraordinarily sensi
tive to organochlorine pesticides, especi
ally in the earlier stages of their life 
history, and can be killed outright by 
residues reaching the sea by land drain
age and in effluents from manufacturing 
plants. The waste from a parathion 
manufacturing plant on the Danish 
North Sea Coast led to many dead and 
dying lobsters being cast up on local 
beaches. Other species higher up food 
chains may be poisoned by eating 
animals and plants that have accumula
ted pesticides in their tissues. Sandwich 
Terns dying in tremors and convulsions 
in the Danish Waddenzee were found to 
have been poisoned by chlorinated 
hydrocarbons passed on from herrings 
and sand eels, which in turn had been 
feeding on planktonic and benthonic 
copepod invertebrates with a high level 
of organochlorine entering their diet 
due to pesticide discharge from the 
Rhine. By the time the pesticides had 
reached the Terns they had been con
centrated many thousands of times. Due 
to the greater sensitivity to pesticides of 
some marine species as compared with 
others, the balance of certain ecosy
stems can be seriously affected, animals 
at the top of the food chain dying as a 
result of non-availability of a particular 
food source. The demise of the Califor-
nian Sardine industry has been attri
buted to such a situation. 

As disturbing as the direct kills 
attributed to pesticides are the 
numerous sub-lethal effects that have 
been reported in scientific papers. These 
include alterations in body chemistry, 
disturbance of growth and gonad forma
tion, interference with thermal acclima
tion mechanisms, lowering of resistance 
to disease, and changes in the basic 
behaviour patterns of various species. 
Of necessity much of this experimental 
work has been carried out on commer
cially important shellfish and fish but 
this does not mean that other groups of 
animals are any the less affected. 

Organophosphorous and carbamate 
pesticides which are now being used 
increasingly for pest control are much 
less stable than organochlorines and 
consequently do not accumulate 
through food chains to the same degree. 
There is thus less chance that animals 

higher up the food chains will receive 
sufficiently large doses of pesticides to 
affect their biology. 

The chemical similarity between 
PCBs and organochlorine pesticides 
suggests similar physiological effects on 
marine organisms. However, at present 
little is known of the adverse effects of 
PCBs, although in laboratory experi
ments it has been shown that these 
chemicals can effect the production of 
sex hormones in such a way that 
animals are rendered infertile. It may 
not be entirely coincidental that the fer
tility rate of guillemots at breeding sites 
on the British West coast is dropping. 
In September 1969 between 10 and 
15,000 dead sea birds, mostly guille
mots, were washed up along the west 
coast of Britain. Although it is by no 
means certain what caused their deaths, 
fatty tissues of the birds contained re
latively high amounts of PCBs. 

Marine life will be increasingly placed 
at risk if the release of chlorinated 
hydrocarbon pesticides and PCBs into 
the environment is allowed in anything 
but very small quantities. No-one will 
deny the short-term benefits that have 
been reaped by the use of DDT and its 
derivatives but we have got to consider 
the long-term consequences of their use. 
Already in a confined area like the 
Baltic marine species contain on aver
age 8-10 times more DDT than the 
same species in the North Sea. Organo
chlorine pesticides should only be used 
in an emergency and should not be 
applied as a prophylactic. 

Radioactive waste 
Radiation has long been recognised as 
a factor constituting a potential hazard 
to human populations, if not to marine 
life. Radioactive materials reach the 
sea (1) from the atmosphere (2) as a 
result of natural leaching of rocks con
taining radioactive compounds (3) from 
containers of radioactive waste dumped 
at sea (4) from outfall pipes of coastal 
nuclear installations. 

Due to concern over the wide dis
semination of radioactive dust following 
nuclear explosions in the atmosphere 
very small amounts of radioactive dust 
take place above ground. Hence only 
very small amounts of radio active dust 
in excess of the background quantities 
now reach the sea via the atmosphere. 

In certain coastal areas of the world 
high background radiation is present 
due to naturally occurring radionuc
lides in the soil. Unfortunately, there is 

as yet no published information avail
able on the effects on marine life in 
these areas, although statistical surveys 
on human populations in one of these 
regions has shown a significantly higher 
than normal rate of occurrence of 
chromosome abnormalities. 

Radioactive wastes of short half-life 
can be stored at the point of production 
until inactive, but the problems of stor
age of wastes which decay at a slow rate 
are enormous. Much radioactive waste 
is stored in heavily shielded containers 
on land, but other wastes are encased 
and dumped in selected deepwater sites 
in the ocean. Due to the high cost of 
providing adequate shielding for dum
ped containers, some do not completely 
prevent escape of radiation. I t must be 
accepted, therefore, that damage to 
marine life may occur in the region of 
these dumps. 

The continuous discharge of low level 
radioactive wastes from coastal nuclear 
plant may also be causing sub-lethal 
damage to marine life in the vicinity of 
the discharge point. For it has been 
shown experimentally that low levels 
of radiation can cause chromosomal 
damage, with subsequent growth ab
normalities, in both marine inverte
brates and vertebrates. Effects may be 
even more subtle, as there is some 
evidence to suggest that exposure of 
fish to radiation can reduce their 
ability to tolerate changes in tempera
ture and salinity. 

Marine organisms, such as algae and 
shellfish, which concentrate metals can
not discriminate between radioactive 
and non-radioactive elements. Thus the 
radiation levels in certain organisms 
may be many thousands of times higher 
than that in the surrounding seawater. 
For example, oysters gathered some 250 
miles from a nuclear source were seen 
to contain 200,000 times more radio
active zinc than the surrounding ocean. 
In theory the existing regulations relat
ing to the discharge of radioactive 
waste take into account the ability of 
many organisms to concentrate elements 
in their tissues. However, the number of 
species examined in relation to the 
number occurring in coastal waters is 
very small. 

It is certainly unwise to set any 
acceptable dose levels of radiation as 
far as marine life is concerned in view 
of the subtle nature of radiation damage 
unless they are based on long-term 
statistical experiments. 
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Every year more and more crude and 
refined oils are transported across the 
oceans and the hazard of pollution of 
the sea by oil increases. Oil reaches the 
sea in some areas of the world as a 
result of natural seepage but the vast 
majority of oil present in the oceans 
today has been introduced by man 
either by accident or deliberately. The 
public are very much aware of the 
aesthetic threat posed by occasional 
major marine disasters which instantly 
release many thousands of tons of oil 
into the environment. However, much 
of the oil entering the sea accidentally 
results from minor spillages whilst oil 
is being loaded or off-loaded, from 
leaks at marine oil well-heads, and from 
river water and untreated sewage con
taining tars, fuels and lubricants. Small 
craft when present in large numbers 
may cause significant pollution. 

By far the largest quantity of oil 
reaching the sea at the present time is 
deliberately discharged by vessels flush
ing out their oil tanks and pumping out 
contaminated ballast and bilge water. 
Happily the major oil companies of the 
world now only allow oil-contaminated 
water to be discharged into oil separa
tors at their shore installations. At pre
sent International Conventions do not 
completely prevent discharge of oil at 
sea but only limit it to specified off
shore areas. Thus oily residues can be 
found floating on the surface of the 
sea anywhere in the world, although, 
of course, they are found /more fre
quently in the shipping lanes. If, as 
seems likely, at a future date the de
liberate discharge of oil is completely 
banned anywhere at sea we can expect 
to see a drop in oil pollution. 

Oil deposited at sea may effect 
marine organisms either mechanically 
or chemically. Crude oil consists of a 
complex mixture of hydrocarbons. The 
aromatic hydrocarbons represent its 
most dangerous fraction and are very 
poisonous to all marine life. Other frac
tions, although not necessarily acutely 
toxic, often cause long-term damage by 
affecting many body processes. 

Whilst oil films remain floating at 
sea they do not present a physical 
hazard to marine life other than that 
which exists or feeds at the air/water 
interface. There is a specialised surface 
community, known as the neuston, 
which may be seriously affected 
mechanically by the oil, and the gills of 
fish feeding on the neuston also may 

become clogged by oil. Air-breathing 
marine vertebrates belonging to the 
reptiles, birds, and mammals may find 
their air passages and lungs become 
obstructed with oil, preventing gaseous 
exchange. 

Al l seabirds (diving birds in parti
cular) are very susceptible to oiling of 
the plumage which prevents them flying 
and eventually leads to their death by 
drowning or by starvation. The birds in 
their efforts to clean themselves ingest 
quantities of oil which cause enteritis 
and other damage to the digestive 
system. Toxins present in the ingested 
oil cause degenerative changes in the 
liver and kidneys of seabirds and there 
is evidence that they may lead to a re
duction in breeding success. This know
ledge combined with the fact that the 
species most usually affected by oil al
ready have a low reproductive potential 
leads one to the conclusion that several 
species of seabird may be in danger of 
extinction as a result of oil pollution. 

The neuston and other planktonic 
organisms are liable to be affected by 
the toxicity of soluble oil fractions dis
seminated from oil floating on the sur
face. Experimental exposure to oil of 
phytoplankton from the Black Sea, 
Mediterranean, Red Sea and Atlantic 
shows that death or retardation of cell 
division can result. The sensitivity of 
different species varies by several orders 
of magnitude. In sheltered waters where 
persistent oil pollution occurs the more 
sensitive species are probably slowly 
being excluded. 

The eggs and larvae of many pelagic 
and benthic animals spend many weeks 
in the surface layers of the sea during 
their development. The egg and larval 
stages of the commercially important 
plaice and herring, for instance, display 
high mortality and various ontogenetic 
abnormalities when exposed to small 
quantities of various oil fractions. The 
larvae of hermit crabs and prawns are 
similarly affected. Generally speaking, 
however, development stages of wholly 
planktonic species are more sensitive to 
the toxins in oils than are the develop
ment stages of animals that do not 
spend the whole of their life-cycle in the 
plankton. 

The severity of damage to marine life 
depends to some extent on the type of 
oil released into the environment. Re
fined fuel oils seem to cause consider
ably more immediate damage than 
crude oils. Thus when a spillage of diesel 

oil occurred in a restricted area as the 
result of the grounding of the Tampico 
on the western seaboard of North 
America, only four species of attached 
plants and two species of benthic 
animals survived. Similar mass mor
tality of benthic organisms has been re
ported as a result of the spillage of re
fined oil from a fuel barge which struck 
submerged rocks off West Falmouth 
USA. In contrast the Kuwait crude oil 
reaching the beaches of south-western 
England after the Torrey Canyon disas
ter appeared immediately to kill animals 
and plants only if it was so thick as to 
smother them. This does not mean, 
however, that animals surviving the in
itial onslaught of the oil survived 
unharmed, for it has been shown in 
long-term experiments that the filter 
feeding mechanisms and guts of shell
fish may become so clogged with oil that 
the animals slowly die of starvation. In 
addition water soluble substances in 
crude oils have a narcotising effect on 
the rate of ciliary beat in filter feeding 
animals such as oysters and barnacles. 
Water soluble fractions further damage 
the feeding potential of oysters by re
tarding the growth of one of its major 
plant food sources. 

In the region of certain refineries 
sufficient oil pollutants are present in 
the aquatic environment to cause taint
ing of shell fish, and many incidents 
have been reported of resistance to 
stress, and reproductive potential, being 
adversely affected by sub-lethal 
amounts of oil. 

Once oil pollutants enter the tissues 
of animals they are retained for long 
periods of time without breaking down 
and thus they become a potential 
hazard to predators. Prolonged contact 
with refined oils leads to skin cancers 
in mah and there is now evidence to 
suggest that some marine organisms are 
similarly affected. 

Many fish rely on the reception of 
chemical clues to find their prey, sexual 
partners, and areas in which to spawn. 
The presence of high boiling point satur
ated and aromatic hydrocarbons in the 
sea, even in minute concentrations, can 
block their ability to receive such 
signals. 

Furthermore, continuous low level 
pollution may cause a change in the 
ecology of a region bringing about a 
slow decline in the variety and quantity 
of marine life. It is obvious that the dan
ger to marine life from oil and its 
compounds is such that every available 
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Oil on Chesil Beach, Dorset. 

method of preventing entry of oil into 
the sea should be used. 

Oil dispersants (Detergents) 
Oil spills which foul beaches and shore 
installations, as well as slicks at sea 
which are considered a potential danger 
to the coastline, are often treated with 
oil dispersing liquids. The justification 
for deliberately dispersing oil through 
the water column instead of leaving it 
as a compact film on the water surface 
is primarily an aesthetic one, for nobody 
likes to see our coastline befouled by 
oil. One cannot fail to be upset by the 
pathetic sight of sea birds coated with 
oil washed ashore in their hundreds. The 
plight of some diving bird species is un
deniably grave and justification can be 
found for dispersing oil when it occurs 
in quantity near their feeding areas. 

Dispersal of oil into small droplets 
permits microbial action to proceed 
more rapidly than normal thus allowing 
oil to be removed from the environment 
more quickly than would otherwise be 
possible. However, in the majority of 
cases the use of dispersants is not justi
fiable since emulsification of the oil only 
distributes it more evenly through the 
environment making it virtually certain 
that every organism in the area will be 
exposed to the toxic fractions present in 
the oil. It has been found that many 
marine organisms, such as fish, which 
can normally avoid oil slicks, ingest and 
assimilate fairly large quantities of well 
dispersed hydrocarbons. 

Until just recently the only "deter
gents" available for oil dispersal were 

dissolved in low boiling point aromatic 
hydrocarbons—the most toxic fraction 
of crude oils! Unfortunately, they are 
still in general use and can result in the 
death of many marine organisms when 
being used to clear oil. At the time of 
the Torrey Canyon disaster several 
shores were so thoroughly cleaned with 
detergent that it was difficult to find a 
live marine organism on them. 

The sub-lethal long-term effects of 
these dispersants are less well-known 
but it has been noticed that the growth 
of many phytoplanktonic and attached 
algal species is seriously impaired. 
Among inshore species of animal, larval 
growth of clams and oysters is slowed 
and adult shell growth interrupted. Dog-
whelks that have recovered from near-
lethal doses of detergent show growth 
disturbances in the shell. 

Behavioural patterns of animals can 
be modified as a consequence of deter
gent pollution. Observations made at 
the time of the Torrey Canyon spill 
showed that dispersant-laden seawater 
caused inhibition of the normal climb
ing response in winkles and topshells, 
and led to razor shells and heart urchins 
coming to the surface of the sand in 
which they are normally buried. Such 
effects put the animals at a competitive 
disadvantage and make them more sus
ceptible to attack by predators. 

Sub-lethal doses of dispersants can 
interfere with the life cycle of shallow 
water species, preventing some animals 
from reproducing and planktonic larvae 
of others from settling. 

The obvious damage to marine life 
caused by these emulsifiers has led to 

the evolution of a new generation of 
dispersants in which the lethal aromatic 
carrier solvents have been replaced by 
far less toxic ones. Even so, long-term 
effects are still noticeable, and it is these 
that are most important in the long run. 

The use of oil dispersants, therefore, 
does nothing more than introduce an
other poison into the sea and makes the 
toxins present in crude oil more readily 
available to marine life. Unless used in 
moderation on the shore and in shel
tered coastal regions where regular oil 
spills occur they cannot help but lead to 
a reduction in the variety of marine life 
existing there. 

The reduction in variety of marine 
life existing in the heavily polluted in
shore areas of North-east England is 
already very marked. Even more worry
ing is the decline in abundance over the 
last twenty years of many characteristic 
species of phytoplankton and zooplank-
ton in the north-east Atlantic and North 
Sea; for the plankton is the grass of the 
sea on which all other life in the oceans 
is ultimately dependent. 

Perhaps it is only a sick society that 
already has the ability to recycle many 
of its waste products, but finds it more 
"economical" to throw them away. The 
onus should be placed on potential pol
luters to prove that the products they 
wish to introduce into the sea are harm
less to marine life in both the long-term 
and the short-term. In other words the 
wastes should be considered "guilty 
until proved innocent". For in the long-
term it is only an ability to remain in 
balance with the rest of life on this 
planet that will save man from disaster. 
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need 
t Venice 
disappear? 

by 
Sir Ashley Clarke 

How and why floods threaten Venice. 
A study by the Vice-Chairman of the 

'Venice in Peril' fund 

Need Venice disappear? The 
answer to this question, so 
frequently asked nowadays, 
depends on the time-scale to 
which it relates. I f we are 
thinking in terms of many 
thousands of years, even those 
most committed to the 
proposition that Venice must be 
"saved", would feel bound to 
reply yes. If, on the other hand, 
we are thinking of the immediate 
future the answer is that Venice 
is sinking and minor flooding is 
becoming more frequent and 
more severe. The city could 
disappear next week if a 
concatenation of adverse factors 
occurred in phase with each 
other. The mathematical 
probability of such an event is, 
however, one in 10,000 years. 

Although the length of these odds is re
assuring, they are being progressively 
shortened by the fact that Venice and, 
in varying degrees, the whole of the 
basin of the River Po immediately to 
the south are sinking at a pace which 
has notably accelerated over the past 
40 years. This means that gradually 
something short of the worst cataclysm 
of which this part of the world is cap
able would be sufficient to submerge 
Venice. So when we speak of "saving" 
Venice we mean in the first place seek
ing and putting to effective use methods 
of protecting the lagoon from an excep
tionally high inflow of water and 
stopping, or at least slowing down, sub
sidence of the land on which it rests. 

To get this problem into perspective 
it is only necessary to reflect that in the 
Pliocene Age (more than a million 
years ago) what we now call Italy con
sisted of not much more than the Alps 
and the Apennines. Not only Venice 
but Milan also was in the middle of the 
Adriatic Sea which reached to beyond 
Turin (see figure 1). The filling in of the 
Lombard Plain, the valley of the Po and 
the coastal areas around the Adriatic as 
it now is, occurred during the recurrent 
glacial periods of the Pleistocene age, 
when, at its extreme, the level of the 
sea had fallen by nearly 300 feet. The 
Adriatic retreated so far southward that 
the present location of Venice was 
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Figure 1 Figure 2 

farther from its northern shore than 
from the Tyrrhenian Sea. 

Interplay of forces 
The last glacial period ended less than 
10,000 years ago and the level of the 
sea, swollen by the melting of the ice, 
began to rise. Evidence has lately been 
discovered on the bed of the Adriatic, 
six miles out to sea from the present 
seaside resort of Lignano, to show that 
there was still a flourishing seaside re
sort there as recently as classical Roman 
times. As the sea steadily encroached on 
the land, another process was simul
taneously taking place which in the 
course of the 15 centuries of Venetian 
history has become increasingly signi
ficant : alluvial soil was carried down by 
the rivers and deposited at and around 
the points where the rivers join the sea. 

It is the interplay of these processes 
which has produced the jagged outline 
of the northern Adriatic and the pre
carious conditions surrounding the 
lower reaches and various mouths of 
the Po and the Adige, which debouch 
to the south of the lagoon of Venice. 
Apart from the natural tendency of 
recently deposited soil to subside, there 
are other more deep-seated factors 
causing subsidence, and the victory, so 

to speak, of the rivers over the sea is 
narrow and never definitive. 

However, maximum subsidence over 
a long period appears to have occurred 
southward from the Po towards the 
low-lying region of Comacchio, rather 
than northward towards Venice. I t is 
necessary therefore to look for other ex
planations of the present alarming rate 
of subsidence of Venice, now on an 
average, one inch in five years. Although 
the Venetian lagoon is by no means 
the only indentation in this part of the 
Adriatic coast, it is unique in the degree 
to which its present aspect and charac
teristics are the result of human inter
vention. For Venice, which began its 
history in the 5th century a d on the 
island of Torcello as a refuge from the 
hordes of Attila, became the centre of 
an empire and one of the most soph
isticated capitals of Europe. 

In the Republic of Venice the highest 
office of state under the Doge was the 
so-called Office of the Magistrate of the 
Waters (Magistratura alle Acque) and 
the weight of its authority was symbolic 
of the importance the Venetians at
tached to the control of the environ
ment in which they lived. From early 
mediaeval times they were preoccupied 
by the degree to which the preservation 

of the lagoon depended on avoiding the 
deposit of too great a quantity of silt by 
the rivers. So they decided to divert the 
rivers that flowed into the lagoon. The 
first occasion arose when the citizens 
of Padua in the 12th century started to 
make short cuts for the Brenta so as 
to avoid flooding in their city, with the 
incidental result that it carried its bur
den of water and silt more directly to 
the lagoon of Venice. The Brenta, the 
Dese, the Sile, the Zero, the Marzenego 
and the Piave, were in turn diverted. 

Lessons from Ravenna 
Some wonder whether the lack of com
pensation for subsidence, which this 
policy involved, may not be one cause 
of Venice's present plight. But have 
they considered the case of Ravenna? 
Ravenna also was—in the 7th century— 
a political centre of great importance; 
surrounded by a lagoon, dependent like 
Venice on the tides. I t was allowed to 
silt up and the Byzantine splendour of 
the city departed—save for S. Vitale and 
other basilicas. Today the land round 
Ravenna is subsiding even faster than 
Venice. 

By the 18th century the Venetians in 
turn became less adventurous, but right 
up to the fall of the Republic they took 
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The third industrial zone, showing the closing in of the area before drainage. 

The third industrial zone, already partly filled with mud and sand collected from 
the floor of the lagoon. 
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the deepest interest in defending the 
lagoon. The seaward defences are the 
narrow strips of land on which the Lido, 
Malamocco and Pellestrina stand (see 
fig. 2). By themselves they could not 
withstand the perilous seas which, at 
high tide and with a strong scirocco 
(south wind) blowing, could pour across 
them. Sea-walls of a kind were construc
ted in the 14th century and strength
ened from time to time. But the great 
sea-walls—the murazzi—which have 
subsisted to the present day were built 
during the 18th century and were com
pleted only 15 years before the city fell 
to Napoleon in 1797. 

The French authorities suppressed 
among other things the Magistratura 
alle Acque (and incidentally, the newly 
created restoration laboratories for 
works of art) before handing over the 
city to Austria. It cannot be said that 
even after the liberation of the city in 
1866 conservation was resumed in the 
purposeful tradition of the Republic. 
The price of neglect is probably higher 
in Venice than anywhere else in the 
world and the Venetians are now facing 
a bill which is far beyond their power 
to pay. The size and nature of the bill 
has been highlighted by the disaster 
which struck the city exactly 100 years 
after liberation. 

High tides in November 
Exceptionally high tides in the northern 
area of the Adriatic occur regularly at 
certain times of year, of which early 
November is one. If at the same time 
the periodical oscillatory motion of the 
Adriatic (like the water in a bath) is 
piling up water in the neighbourhood of 
Venice, if the sea-currents are running 
in that direction, if there is a violent 
scirocco blowing and there is a storm in 
the mountains causing spate conditions 
in the rivers, a formidable body of 
water is built up which is capable of 
crashing right over the present seaward 
defences. 

This explains what happened on 4th 
November 1966, when a terrible storm 
over the whole of North Italy, combin
ing with three days of violent sciroceo 
produced in the city at high tide a flood 
6 feet above the normal level of the 
lagoon. I t stayed at that height for over 
20 hours. Luckily the maximum force 
of the wind was not in phase with the 
factors governing the flow of the tide. 
Had it been so, it could have brought 
the flood up 3 or 4 feet higher, which 



would have meant incalculably greater 
damage. 

The result of this disaster has been to 
call the attention of the whole world to 
the situation in Venice. Foreign funds 
have offered considerable help and the 
Italian Government have asked Unesco 
to mobilise support for their own efforts. 
Only lately the Italian Government have 
promised support to the tune of £170 
million, but even this is not enough. 
Meanwhile, perhaps the most significant 
campaign to resolve the physical pro
blems of Venice has been undertaken by 
the new Institute set up by the Council 
of National Research in Venice itself. 
Its title is "Institute for the Study of the 
Dynamics of Great Masses" and it is 
headed by an oceanographer, Dr. 
Roberto Frassetto, who has for a num
ber of years been associated with 
Columbia University. 

The Institute's long term task is now 
concerned with the movement of great 
masses—land, sea and air—on a plane
tary scale. But its more immediate task 
is the physical safeguarding of Venice. 
The phenomena of subsidence and of 
persistent "high water" in the winter 
months are being analysed, new surveys 
of surrounding territory are being car
ried out, means are being studied of 
securing more effective early warnings 
of approaching tide surges and the 
effect of the withdrawal of water from 
the artesian layer is being tested. In 
these researches the Institute has the 
advantage of a computer manned by an 
I.B.M. team. 

Furthermore, the Institute has organ
ised a competition among a selected 
group of engineering firms for devising 
means of closing the Lido, Malamocco 
and Chioggia entrances to the Lagoon, 
but only when a dangerously high tide 
is forecast. This is, of course, only a 
provisional measure, not a cure, and 
concurrently it will be necessary to de
vise means of dealing with the sewage 
of the city. At present this is dealt with 
solely by the tides and any artificial 
stoppage of them would, of course, pro
duce a serious problem. 

Other problems will be studied 
The numerous other problems that also 
beset Venice, such as pollution from the 
factories at Marghera, motor-boats, 
domestic fuel consumption, the erosion 
caused by motor-driven vaporetti as 
well as speed-boats, the inadequacy of 
internal communications, will also be 
under study at the Institute. 

Venice from the air. 

Of all these problems the most serious 
is undoubtedly the subsidence of the 
city. Pockets of water known as "water 
faulds" occur in the geological strata 
below the city. From time immemorial 
the Venetians have been accustomed to 
drive wells into these water faulds; and 
as long as this was practised only for 
domestic purposes, the harm, though 
probably appreciable, was not great. 
But when, in a well-intentioned en
deavour to give Venice a stake in in
dustrial development and to provide 
employment, the industrial zones were 
created on the very edge of the lagoon 
in the late twenties and after the war, 
the situation changed. Instead of piping 
water in from the mountains, the fac
tories drew great quantities of water 
from the sub-soil. There can be little 
doubt that this is one of the major 
causes of the city's subsidence. The 
sinking of new wells is now forbidden. 

A further ill-effect of the industrial 
zones has been the drying out and con
solidation of many barene and velme 
(sandbanks) which act as absorbents of 
flood water. 

In a nation of individualists, the 
Venetians are perhaps the most indivi
dualist of all. The tag quot homines tot 
sentential one is tempted to think, must 
have been coined by some late Roman 
after a visit to Venice. Probably this is 
the outcome of their history and of their 
surroundings. The precarious character 
of their early existence in the lagoon, 

the constant need to improvise defences 
against the forces of nature, the never-
ending battle with the sea—all these 
things have made them self-reliant and 
hostile to conformity. They live as no 
other major city lives in the world— 
without motor vehicles and allowing 
themselves to be propelled (when time 
and money permits) along labyrinthine 
canals in the most archaic craft afloat. 
But make no mistake: when it comes to 
"industrial action" and other up-to-date 
ritual, gondoliers have nothing to learn 
from anyone and a student riot is the 
same in Venice as anywhere else. 

London next? 
Strange, indeed, to think that London 
is in almost the same predicament as 
Venice. London also rests on a cushion 
of water which has been unduly de
pleted and the force of wind and wave 
round our shores southward towards 
the bottle-neck of the Channel could 
produce under gale conditions a tremen
dous surge into the Thames estuary, as 
it did in 1953. No wonder the Govern
ment has agreed to build a barrage 
across the Thames at Woolwich just as 
the CNR Institute is seeking to hold 
excessive tides at the entrance to the 
Venetian lagoon. Any help which this 
country can give in solving the Venetian 
problem and any experience gained 
in so doing might well prove a good 
investment. 
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The optimum 
population 

for 

In the fall of 1969, my class in advanced 
ecology at the University of Georgia 
elected to tackle the question of "the 
optimum population for Georgia". The 
basic question asked was: How many 
people can Georgia support at a reason
ably high standard of living on a con
tinuing, self-contained equilibrium basis, 
in the sense that imports and exports of 
food and resources would be balanced. 
As it turned out, Georgia is a good mic
rocosm for the United States because 
its present density and growth rate, and 
the distribution of its human and domes
tic animal population are close to the 
mean for the whole nation. Likewise, 
food production and land use patterns 
in Georgia are average. Furthermore, 
since pollution, overcrowding and loss 
of non-renewable resources have not yet 
reached very serious proportions, the 
state, like most of the nation, has the 
opportunity to plan ahead for a new 
kind of "progress," based on the right 
of the individual to have a quality en
vironment and to share in the economic 
benefits of wise use and recycling of 
resources. 
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Georgia 
by Eugene P. Odum 

The distinguished American 
ecologist takes Georgia as a 

microcosm of the United States, 
and shows what factors should 
be taken into account in working 

out its optimum population. 

Two general principles were adopted. 
The first principle can be stated as 
follows: "The optimum is almost 
always less than the maximum." In 
terms of human population density, the 
number of people in a given area that 
would be optimum from the standpoint 
of the quality of the individual's life 
and his environment is considerably 
fewer than the maximum number of 
people that might be supported, that is, 
merely fed, housed and clothed as de
humanised robots or "domestic 
animals." The same principle can be 
applied to automobiles; certainly the 

T A B L E 1. MINIMUM PER CAPITA 
ACREAGE REQUIREMENTS FOR 

A QUALITY ENVIRONMENT 

Food-producing land 1.5 acres 
Fibre-producing land 1 acre 
Natural use areas (watershed, 

airshed, greenbelt, recrea
tion, waste disposal, etc.) 2 acres 

Artificial systems (urban, 
industrial, highways, waste 
treatment facilities, etc.) 0.5 acres 

T O T A L 5.0 acres 

greatest number of cars that can be 
accommodated bumper-to-bumper on a 
freeway is not optimum for the forward 
progress of the individual automobile. 
Perhaps, then, the idea of the "greatest 
good for the greatest number" is not 
really a tenable principle. Maybe Dr. 
George Wald's slogan, "a better world 
for fewer babies" is more relevant to 
our times. 

A second principle is that affluence 
actually reduces the number of people 
who can be supported by a given re
source base. Thus, the optimum 
population for a highly developed, in
dustrialised nation with a high per 
capita GNP (gross national product) is 
very much lower than the population 
that can be supported at a subsistence 
level in an undeveloped nation, because 
the per capita consumption of resources 
and the production of wastes are so 
much greater in the developed coun
tries. Thus, if one person in the United 
States exerts 50 times more demand on 
his environment than does an Asian, 
then it is obvious that no environment 
can support as many Americans as 



Asians without disastrous deterioration 
in the quality of that environment. 
Shocking as it may seem, the United 
States is now in as much danger of 
overpopulation at its level of per capita 
living as is India at her present standard 
of living. Population control must be an 
overriding issue in both the developed 
and undeveloped worlds, but the levels 
that are critical, the limiting factors and 
the strategy of control are quite 
different. 

Minimum American per capita 
acreage requirements 
Table 1 is the consensus estimate made 
by the students of the minimum acreage 
necessary to support one person at a 
standard of living now enjoyed by 
Americans, including a pollution-free 

T A B L E 2. GEORGIA: AREA AND 
DENSITY, PEOPLE AND 

DOMESTIC ANIMALS 

Total area 37.7 million acres 
Total people 4.8 million 
Per capita density 1 in 8 acres 

Population density— 
(31 % Atlanta met. area.: 
60% urban, 56% under 30 yrs. of age.) 

Domestic Animals 
Population equivalent* 21 million 

Total Man-Animal 26 million 
Population equivalent* 1 in 1.5 acres 

•Population equivalent is a unit of animal 
weight in metabolism to one adult person. 

living space, room for outdoor recrea
tion and adequate biological capacity 
to recycle air, water and other vital re
sources. The per capita area required 
for food was obtained by taking the diet 
recommended by the President's Coun
cil on Physical Fitness and determining 
how much crop and grazing land is re
quired to supply the annual requirement 
for each item. If Americans would be 
satisfied with merely getting enough 
calories and greatly reducing their con
sumption of meat, as little as a third of 
an acre per person would be adequate, 
but the kind of diet Americans now 
enjoy including orange juice, bacon and 
eggs for breakfast and steaks for dinner 
—all of which require a great deal of 
land space to produce—takes at least 
1.5 acres per capita. Thus, the Ameri
can "demands" from his agricultural 
environment 10 times the space that is 
required to produce the rice diet of the 
Oriental (assuming equally efficient crop 

production in both cases). The one-
acre requirements for "fibres" is based 
on present per capita use of paper, 
wood, cotton and so forth, that equals 
the average annual production of one 
acre of forest and other fibre-producing 
land. The two acres for "natural area 
use" are based on the minimum space 
needs for watersheds, airsheds, green 
belt zones in urban areas, recreation 
areas (state golf courses) as estimated 
by recent land use surveys. Again, we 
could do with less by designing more 
artificial waste recycling systems and 
doing away with outdoor recreation, but 
at a high cost to society as a whole. 

In considering the five-acre per capita 
estimate, two points must be empha
sised: (1) If the per capita use goes up 
in the future, either more land is needed 
or greater production per acre must be 
forced by increased use of chemical 
controls that, in turn, tend to pollute the 
total environment creating a cost in 
taxes that would reduce the individual's 
"take home" pay. (2) The five-acre 
estimate is relevant only to an area such 
as Georgia that has a favourable climate 
(adequate rainfall and moderate tem
perature). The per capita area require
ment would be much greater in regions 

T A B L E 3. GEORGIA—LAND USE 
IN 1968 

(per cent) 
Crops 

food 7.5 
fibre 0.8 
idle (rotated) 3.7 

Pasture 7.4 
Forest 

private 66.3 
public 4.5* 

Recreation (public) 1.8* 
Coastal wetlands 1.3* 
Urban, etc. 4.5 

•Total of these three categories or 7.6% is 
all land now set aside for "natural use" only 
(i.e., protected from exploitation). 

with large areas of deserts, steep moun
tains or other extreme ecosystems. 

The inventory of Georgia is sum
marised in Tables 2-4. The per capita 
density (Table 2) of 1 in 8 acres com
pares with the national average of 1 in 
10 acres. The urban-rural distribution 
is comparable to the national average. 
A domestic animal population 5 times 
that of people is also close to the 
national average, as is the 10 per cent 
of land devoted to agriculture (see Table 

3). In considering the impact of man on 
his environment, the importance of the 
domestic animal is too often over
looked; yet such animals are actually 
consuming more "primary production" 
(i.e., photosynthetic conversion of sun 
energy to organic matter) than man, and 
they require huge amounts of land. Also, 
in this country, pets such as dogs and 
cats are estimated to consume enough 
food to support five million people. We 
could do away with all domestic 
animals, of course, and substitute 
people, but to the ecologist that would 
mean not only giving up meat in the 
diet, but also dehumanising man to the 
level of a domestic animal. I t is interest
ing that Georgia now produces enough 
food to feed 12 million people, pro
vided that people actually consumed the 

T A B L E 4. 1970 ESTIMATES OF 
POPULATION GROWTH-RATE IN 

GEORGIA 

(per year) 
Birth rate 2.4% 
Immigration 0.4 % 
Death rate 0.8% 
Net growth rate 2.0% 

crops directly. A diet of corn, other 
grains, soy beans, peanuts and vege
tables could supply adequate calories 
and protein. In practice, of course, very 
little of Georgia's crop production is 
consumed directly; most of it is fed to 
animals or shipped out of state in ex
change for food from elsewhere. 

If we consider for the moment that 
one person in five acres is a reasonable 
per capita density, then Georgia is 
rapidly approaching that level. As 
shown in Table 4 the net growth rate 
is 2 per cent which, if continued, 
would mean a doubling of the popula
tion (leaving only four acres per capita) 
in 35 years. Almost before we realise 
it Georgia is moving from what was 
considered essentially a sparsely popu
lated state to one that is beginning to 
feel the adverse effects of population 
pressure. As emphasised, this pres
sure is due not so much to the number 
of people, but to the great increase in 
the per capita demands on space and 
resources. I t comes as a shock to every
one that Georgia and the nation could 
be badly overpopulated by the year 
2000. 

Condensed from Current History, June 1970. 
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The Ancient 
and Ornamental Woods 

of the New Forest 

In recent months there has been a good 
deal of comment in both local and 
national press about the operations 
being undertaken by the Forestry Com
mission in the unenclosed Ancient and 
Ornamental Woods of the New Forest. 
The Forestry Commission has the dut> 
of maintaining these woods in their 
"ancient and ornamental" character, a 
term which lends itself to subjective in
terpretation. There are serious threats 
to the persistence of these woods, 
mainly due to the traditional practice 
of grazing stock in the woods, to which 
must be added the considerable effects 
of a resident deer population. As a 
result, in some of the woods no re
generation has survived for the last 200 
years, so that there is nothing to replace 
the old trees as they die. In nearly all 
the woods, seedlings may be found 
where light conditions permit, but they 
are either killed or stunted by con
tinuous grazing. 

Recognising the failure of the re
generation the Forestry Commission 
have acted to preserve the woods by 
embarking on a programme described 
by them as regeneration thinning, or, in 
their working plan as selection felling. 
They propose to ensure the continu
ance of these woods in a healthy state 
by instituting regular management. The 
initiation of this plan raised an outcry 
from various quarters, particularly on 
grounds of destruction of amenity. 
Moreover, it had been generally under
stood that the Forestry Commission 
was entitled to carry out "health and 
hygiene" operations as and when neces
sary, but that systematic removal of 
timber that was going to be sold—as 
the culled timber certainly was—was 
outside their powers. 

I am not competent to judge the legal 
position in the New Forest; there is a 
long and complex history of enactments, 
not always couched in explicit terms. 
What brought me into the general pro
test was something that is probably not 

by G. W. Dimbleby 

These magnificent woods are 
of fundamental ecological 

importance. Ironically, they are 
in danger of being ruined by 
the Forestry Commission's 

methods of conserving them. 

covered by the legal code, but which in 
some ways is the most irreplaceable 
feature of these woods—their scientific 
value. In the arguments that followed 
my intervention, I found a widespread 
unawareness of the basic ecological 
issues on all sides. As there are eco
logical implications here beyond the 
problems of the New Forest itself, an 
outline of the questions involved may be 
of wider interest. 

It is generally held that the deciduous 
temperate forest, which covered most 
of Britain before man cleared it, is in 
association with a brown soil, a moder
ately acid soil in which the upper layers 
are not bleached by leaching, and which 
has a moderate to good fertility level. 
In fact, there are grounds for question
ing the fundamental basis of this view, 
or at least for suggesting that we do not 
understand the whole story, but in this 
article we can only deal briefly with 
some of the questions involved. 

I t has been shown that man has 
brought about widespread changes in 
the soils of this country, particularly 
those on poor (non-calcareous) parent 
material. Large areas of what are now 
heathland and moorland were deci
duous forest up to about 4,000 years 
ago, often apparently associated with 
brown soils. Now the soils are infertile 
podzols, very acid soils in which the 
upper horizons are leached of mobile 
chemical constituents, including iron, 
these being deposited lower down in an 
accumulation horizon. There has been 
a drastic change in which a near-
equilibrium system has bee/i upset and 
has been continuously exploited so that 

no new equilibrium could be established. 
Whereas short-term crop patterns as 

found in agriculture can be adjusted at 
short-term intervals, this is less easy 
with long-term crops such as trees, 
when decades or even centuries may 
elapse before opportunity arises for an 
adjustment of the composition of the 
stand in relation to soil development. 
In forestry therefore, more than in any 
other land use, it is necessary to know 
whether the crops are maintaining an 
equilibrium with, or even improving the 
soil, or whether they are leading to soil 
degradation. At a time when so much 
of our land is under practices which are 
patently out of balance with the soil, 
so that some ecologists are sounding the 
warning, it is disturbing to find that in 
fact we do not know what such a system 
would be. One reason why we do not 
know is that it is so difficult to find 
places where such a system has survived 
man's activity so that we can study it 
from this angle. The New Forest woods 
may be such examples, though they 
have certainly not escaped considerable 
disturbance by man and his animals. 

The view that on non-calcareous soils 
deciduous forest was originally always 
associated with brown soils can easily 
be refuted by a number of examples in 
this country of oakwoods, apparently 
of long standing, growing on strongly 
differentiated podzol soils. Care needs 
to be taken to be sure that these soils 
were produced by this type of forest, 
but there are cases where checks have 
been made and this conclusion seems 
to be justified. Pollen analysis of the 
soil beneath the forest is the most useful 
single check, and this involves the samp
ling of an undisturbed profile of the 
soil. I f the soil has been ploughed at 
any time, or churned up by any means, 
such analyses cannot be interpreted 
satisfactorily. 

I f it is true that the deciduous forest 
does result in a podzol on non-calcar
eous soils, why is it that on such parent 
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materials this soil type was not general 
by the end of the Atlantic period, after 
some 5,000 years of soil development 
through the Postglacial? Whilst such 
soils would have been much modified 
since then, their essential character 
would still be detectable in the lower 
horizons. Furthermore, it is commonly 
found that soils under prehistoric earth
works are usually very young podzols, 
not mature ones. Clearly there has been 
a change of soil process as a result of 
man's activity. It has to be admitted 
that we do not know perhaps the most 
basic pedological fact of our own 
country, namely what the soil was under 
the deciduous forest that our ancestors 
cleared some 4,000-5,000 years ago. 
Yet this should be required knowledge 
before we embark on any scheme of 
land use of such non-calcareous soils. 

In recent years, Dr. Johs Iversen, the 
Danish botanist, has developed the con
cept of "retrogressive succession" in the 
deciduous forest. He suggests that 
through the Postglacial, soil develop
ment under such forest led to a mature 
brown soil, but as time went on this soil 
became progressively acidified and 
leached. This in turn would result in a 
change of the humus type, the disap
pearance of earthworms, and a change 
in the forest composition to those 
species more tolerant of acid soils. 
There would be a tendency for the soil 
to become a podzol. 

This concept adds a new twist to the 
whole problem, and raises the question 
again that has been troubling ecologists 
for years—does the influence of man 
bring about a sudden break in the soil/ 
vegetation relationship, or does it 
merely speed up a process that would 
happen anyway? This is a vital ques
tion when we are thinking of ecological 
equilibrium, as foresters in particular 
should be. I t is probable that Iversen 
would not have been able to propound 
his theory with such a convincing mass 
of scientific data had he not been for
tunate in finding a small wood in Jut
land called Draved forest. This wood is 
only some 5ha. in area, and had appar
ently escaped clearance and human in
fluence since Neolithic times. In places 
the organic layer on the surface of the 
mineral soil was nearly a metre thick, 
making it possible to carry out pollen 
analyses and radiocarbon dating to 
establish the history. From this small 
relict he was able to build up a very 
complete picture of soil development 
and vegetation trends over a long 
period of time. There is no comparable 
site known in Europe, and its ecological 
value is incalculable. 

However convincing this model put 
up by Iversen, there are grounds— 
some of which were touched on above 
—for doubting whether his conclusions 
are universally applicable. We there
fore need evidence from similar relict 

There are serious threats to the Ancient and Ornamental Woods of the New 
Forest, partly due to the traditional practice of grazing stock in them. 

forest communities. From a little work 
that I myself have carried out on a few 
of the Ancient and Ornamental Woods 
of the New Forest it seems that some 
of them may come into this category. 
Whilst accepting that they have not had 
the sheltered history of the Draved 
forest, they nevertheless appear to have 
had a long forest history, as indicated 
by soil pollen analysis. If this is so, 
they are invaluable reference material 
in a country which has been almost 
completely deforested, and they should 
be jealously protected. In Denmark, the 
Draved forest was immediately set 
aside for scientific research. 

This being the position, how do these 
woods in the New Forest stand today? 
They are all threatened by grazing 
animals in numbers which give the 
woods little chance to regenerate. Some 
grazing is doubtless part of the natural 
balance, but it must be controlled. 
Since the commoners have their tradi
tional grazing rights in these woods, the 
Forestry Commission cannot simply 
enclose them to allow regeneration to 
prosper; if they did, it would be sadly 
misunderstood as well as being illegal. 
They are therefore proposing to open 
the canopy and plant up the gaps in the 
hope that some young trees will survive. 
This involves the use of machines and 
as the operation will be repeated every 
20 years, soil disturbance will be wide
spread. Soil which has been churned up 
is made permanently useless for the sort 
of soil study necessary for the investi-



gation of these questions. Whilst care 
may be taken to use transplants of local 
origin, one of the crucial aspects of re
search into these problems involves the 
trees and the many organisms associ
ated with them in the natural state. 
There is a danger of "contaminating" 
the system with organisms alien to it 
or even of different genetic make-up. 
There are reasons for believing that 
beech, which is such a conspicuous com
ponent of many of the woods today, 
was not an important member of the 
original forest, but a late arrival. In 
view of this doubt, one must question 
the wisdom of using beech transplants 
in these woods. By doing so we are in 
danger of pre-determining the future of 
the woods, and we are really acting in 
ignorance. 

The ideal solution, scientifically, 
would be to enclose all the Ancient and 
Ornamental Woods and let a natural 
balance re-establish itself. Various in
terested parties would object to this for 
a variety of reasons—but it must be 
accepted that unless something is done 
we may lose the very thing we are de
fending. I t is perhaps more realistic to 
make a careful survey of the woods to 
see which are of outstanding interest 
ecologically. Some, I know, have a 
chequered history which reduces their 
value, but there may be others whose 
potential is not appreciated yet. This 
judgement must be purely ecological, 
and should be internationally agreed 
because of its importance to inter
national science; it cannot be influenced 
by local interests such as forestry, com
moner's rights or public access. Once 
judgement has been made then it is up 
to society to decide whether it will act 
to preserve any woods of outstanding 
value. As a first step towards making 
this possible, it was necessary to call a 
halt to any operations, however well 
intentioned, that might impair the 
value of these woods from this point of 
view. A pause in the operation has now 
been granted, and we have to use the 
time to assess the value of our asset 
and reach a decision on how to exercise 
responsible stewardship if it proves to 
fulfil the promise of preliminary in
vestigations. Al l over the world bal
anced ecosystems are being destroyed 
before we have had time to study them. 
It would be a tragedy if we did the 
same here when there is no overriding 
necessity of hunger or economy that 
forces us to do so. 

This month's contributors 

7. David George is a marine ecologist at 
the Dept. of Zoology, Natural History 
Museum, London. He is particularly 
interested in the long-term and short-
term effects of pollution on distributions 
of marine fauna, and has published a 
number of papers on marine ecology. 

Eugene P. Odum is Director of the Insti
tute of Ecology, University of Georgia. 
He has written a great many articles and 
books on ecology, including the classic 
Fundamentals of Ecology. 

Sir Ashley Clarke is Vice-Chairman of 
the "Venice in Peril" Fund. 

G. W. Dimbleby, who for 19 years lec
tured in forest ecology at the University 
of Oxford, is now Professor of Human 
Environment at the Institute of Archae
ology, University of London. He was 
recently Chairman of the Inter-church 
Committee on the Environment and 
produced the report, Man in his living 
environment, for the Church Assembly 
and the Countryside in 1970 Conference. 

Coming events 

Conservation '71—an exhibition arranged by 
joint local and national bodies, to be held at 
Prittlewell Priory Museum, Victoria Avenue, 
Southend-on-Sea, Essex. Open: 1-12 April 
(except Good Friday), 11 a.m. to 6 p.m. 
(Special arrangements for school and other 
parties should be made with the Curator.) 

Air & Water Pollution Seminar.—Arranged 
by the Glass Manufacturers Federation, to 

In the next issue of 
The Ecologist. . . 
we go up to 40 pages 
and include five major 
articles: 

Paradise lost? by John Wehrheim. The 
story of the continuing rape of Hawaii. 

Britain's dying chalk streams by D. S. 
Martin. Few are surviving our mockery 
of a water policy. 

Population density and stress in zoo 
monkeys by Martin and Hilary Water-
house. Some original research findings. 

Environmental politics in Britain by 
Michael Gurstein. Why they don't 
exist and a plea that they be started. 

Plastic decay by Allen Jones. The pro
blems of plastic garbage. 

be held at the British Glass Industry Research 
Association, Sheffield, on Wednesday 24 
March. The seminar will be under the Chair
manship of Mr W. F . Spengler, Managing 
Director of United Glass Ltd., and speakers 
include Mr F . E . Ireland, Chief Alkali In
spector. The fee of £5 includes coffee, lunch 
and tea. Full details from the Assistant Dir
ector, Administration, Glass Manufacturers 
Federation, 19 Portland Place, London 
W I N 4BH. (Tel. 01-580 6952.) 

Classified 
Advertisements 

T H A T C H E D F A R M H O U S E in Dartmoor 
National Park. Sleeps 6, all mod cons. For 
holiday letting. Phone Dartmouth 2548. But-
terworth. 

IDEAS MAN, experienced in engineering, 
marketing, late of computers. Excellent con
tacts with environmental activists in US and 
U K . Now seeking position within environ
mental field in U K . Box 901. 

PESTICIDES. Diligent environmental en
thusiast wanted to research literature for 
evidence of long-term and short-term effects 
of pesticides. Reward: hard work, negligible 
cash, undying gratitude. Box 902. 

Z O O L O G Y G R A D U A T E with experience in 
fresh water pollution seeks career in pollution 
control. J . R. Fraser, 39 London Road, 
Slough, Bucks. Telephone Slough 21807. 
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Cheaper cures without antibiotics 
Antibiotic consumption has been ris

ing at a near-exponential rate over the 
past decade. Wonderful for the phar
maceutical industry—but as wonderful 
for the patient? 

Bitter experience in a neurosurgical 
unit at Killearn Hospital, some 16 miles 
north of Glasgow, confirms what some 
doctors have feared for some time. Far 
from controlling post-operative infec
tions antibiotics can create the very 
conditions whereby novel and dan
gerous types of infections take over. For 
the patient the outcome can be fatal. 

At Killearri the problems arose in 
1966 when post-operative wound in
fections caused by certain types of 
staphylococci and antibiotic-sensitive 
coliform organisms first became 
"troublesome". To keep these infec
tions at bay the neurosurgical staff 
started giving prophylactic doses of 
broad-spectrum antibiotics such as am-
picillin and cloxacillin to patients 
thought to be at special risk, as well as 
therapeutic doses to unconscious 
patients in whom the saliva and spit was 
already infected with bacteria. 

The amounts of antibiotics admini
stered to these patients steadily escala
ted and by the end of 1969 the neuro
surgical unit's annual antibiotic bill for 
ampicillin and cloxacillin alone came 
to £9000. 

A year after embarking on this anti
biotic policy the consultant bacterio
logist at Killearn, Dr Douglas Sleigh, 
found he was seeing a relatively unusual 
type of pathogenic bacteria in samples 
of the patients' urine and sputum. The 
organism was a coliform bacteria, 
Klebsiella aerogenes. 

Soon one-quarter of all the patients 
in the neurosurgical intensive care ward 
were harbouring this organism. And the 
senior registrar, Mr David Price, armed 
with a swab, found the floors, walls, and 
ceiling of the ward to be generally con
taminated. 

In the late summer of 1967 a boy was 
brought into the ward with a moder
ately severe head injury as a result of 
which his nasal passages had opened up 
inside and were in direct communica
tion with the cerebro-spinal fluid of the 
brain. Being one of the "special risk" 

patients he was immediately put on 
broad-spectrum antibiotics. 

Despite these precautions he got in
fected with klebsiella and soon, anti
biotics notwithstanding, the brain mem
branes were coated in a thick opaque 
purulent mass of mucus-producing 
bacteria. A little later the boy died of 
meningitis. 

It so happened the intensive care 
ward was due for redecoration, and 
everyone hoped that after the general 
cleaning up and sterilising of the equip
ment klebsiella would have been ban
ished for good. No such luck. Within 
four weeks of the ward being re-opened 
klebsiella infections had returned. Not 
only did the urinary and chest infections 
go back to the same level, but worse a 
further seven patients contracted kleb
siella meningitis and all died. 

In his bacteriological studies Dr 
Sleigh found that klebsiella was sensitive 
to two antibiotics in particular—colistin 
and gentamicin. The neurosurgical staff 
tried using these very powerful anti
biotics in conventional dosages. "But 
this treatment did little to control in
fection," said Mr Price in World 
Medicine (1971, Jan 13, 67), "so we de
cided to use colistin in high dosages. We 
set up a completely isolated six-bedded 
intensive care unit and gave all infected 
patients admitted to it six times the 
normal dose of colistin for an average 
of ten days. 

"In all we treated 16 patients like 
this—and the number of klebsiella chest 
and urinary infections did go down— 
but only by half. This still wasn't good 
enough and we were talking of closing 
the unit down. A very drastic step. I 
then came up with the almost equally 
drastic suggestion that rather than close 
the unit we should stop using anti
biotics altogether." 

At first some of Mr Price's colleagues 
understandably disagreed, and others, 
though agreeing in principle, wanted to 
make exceptions for infections like 
pneumonia. In the end everyone co
operated in a ruthless "no antibiotics" 
policy. Luckily no patient in the unit 
had meningitis at the time. 

The results were staggering. Within 
four weeks the incidence of klebsiella 
infections had fallen to nearly nil. Now 
there are no cases of chest and urinary 
infections caused by klebsiella. Perhaps 
even more surprising the "usual" in
fections caused by the more antibiotic-
sensitive organisms—staphylococci and 
coliform organisms—also fell, and fell 

dramatically. During the first ten weeks 
of the new regime respiratory tract in
fections fell from 45 per cent to 15 per 
cent and urinary tract infections from 
21 per cent to 8 per cent. 

After four months of the no-anti
biotic policy the neurosurgical staff 
agreed to use antibiotics in carefully 
selected circumstances. "And whenever 
we can," says Mr Price "we choose a 
narrow spectrum antibiotic." The pro
blem of chest infections in the patients 
—many of whom are unconscious—has 
been overcome largely by using a tech
nique known as percussive chest phy
siotherapy and combining this with suc
tion and drainage of the mucus coming 
up from the lungs. 

Hardly surprisingly the new anti
biotic regime has had some effect on the 
annual antibiotic bill. For just the 
two broad-spectrum antibiotics—am
picillin and cloxacillin—this has come 
soaring down from £9000 to close on 
£500 a year. 

Peter Bunyard 

Killer whales 
In a brief announcement in August last 
year the Canadian Government brought 
to an end a six-year sea story in which 
an engaging creature named grampus 
orca found itself in demand in the 
world's oceanariums. Grampus orca is 
the killer whale, the largest member of 
the porpoise family, but until 1964 none 
had been kept in captivity. 

In July of that year the Vancouver 
Public Aquarium, which is headed by 
zoologist Dr Murray Newman, became 
the first organisation to capture and 
keep one of the species and discovered 
that the carnivorous killer whale is not 
dangerous to man. I t was the first of 
dozens of recorded captures in Pacific 
Northwest waters. Today, performing 
killer whales are popular features in 
North American and European ocean
ariums. 

The ban on taking, catching or killing 
the species in Canadian west-coast 
waters shows the Ottawa government's 
concern for the conservation of wildlife 
and was not even prompted by the dan
ger of extinction. For the killer was not 
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Reports 
one of the main types of whales hunted 
into oblivion by the whaling fleets of the 
world. The Canadian ban also covers 
elephant seals, otters and sea lions and 
according to a fisheries department 
spokesman "reflects greater concern by 
the department for the conservation of 
marine mammals." 

This summer, prior to the Canadian 
announcement, a University of British 
Columbia scientist made a strong in
dictment of the capture of whales. Dr 
J. A. Wada, a physician who specialises 
in the study of mammal brains, said in 
an interview: " I t is completely wrong 
for us to capture a killer whale, remove 
it from its lively environment, and place 
i t in a small cement pool where it can
not even hear any sound. No wonder 
the whale is so anxious to jump up for 
fish to entertain the people. There is 
Tery little else for it to do to keep it 
mentally active." Dr Wada admitted 
we could not expect all zoo animals 
and aquarium exhibits to be released 
overnight but he believes man's increas
ing desire to protect his natural environ
ment will see the further development 
of wildlife parks on land and water, 
instead of zoos and aquariums. 

Dr Wada said he has found that the 
Mler whale has a brain that is better 
developed, in physical ways, than man's. 
This did not mean the whale was more 
intelligent than man but that a greater 
part of its brain capacity is devoted to 
higher levels of functioning. 

Dr Wada urged Canadian Fisheries 
Minister Jack Davis to set aside an 
underwater park for whales—a sugges
tion that is in line with Mr Davis's 
hopes for a protected underwater park 
in the Gulf of Georgia, between Van
couver Island and the mainland. 

Dr Wada's opinions had been shared 
earlier by Dr Paul Spong, an assistant 
professor of psychiatry at the University 
of British Columbia, who had been 
studying the performing killer whale 
Skana at the Vancouver Public Aqua
rium. Spong told a seminar at the 
university: "We should put killer 
whales back in the ocean as soon as 
possible." Skana, he said, was "starved 
of stimulation." 

The aquarium's chief, Dr Newman, responded by saying that Dr Spong's experiments had endangered the 

whale's life and his contract would not 
be renewed. 

As for Vancouver's policy, it has just 
completed a $1,200,000 pool for Skana 
and her companion Hyak, and the old 
pool is to be used for six newly cap
tured Arctic narwhals. 

The killer whale story in the Pacific 
Northwest began with the Vancouver 
Aquarium's capture, in 1964, of Moby 
Doll, for study and measurements to be 
taken for a sculpture. The whale was 
only superficially wounded by harpoon
ing so it was put into a flooded dry 
dock until a pen could be built at a 
nearby beach. 

After its death three months later— 
an autopsy blamed low salinity of the 
water—Moby Doll was found to be a 
Moby Dick, although unlike Herman 
Melville's whale it was a friendly 
creature and did not even want to upset 
a dinghy. Moby's death closed the 
killer whale story until July, 1965, when 
two were accidentally caught in a net 
near Namu, 270 miles up the coast from 
Vancouver. 

This is where Mr Ted Griffin, direc
tor of the Seattle Marine Aquarium, a 
private company, came on the scene and 
he has been closely connected ever 
since, directing many killer whale hunts 
in American waters in Puget Sound. 

Mr Griffin bought one of the two 
Namu captives for $8,000 and achieved 
the feat of towing the whale, in a large 
pen, 350 miles south to a pen on the 
Seattle waterfront. Huge television and 
press coverage followed his progress. 
The whale, named Namu, proved a 
clever performer and soon returned 
Mr Griffin's investment. I t also starred 
in a Hollywood movie. Namu died a 
year after its capture, an autopsy re
cording that it drowned, entangled in 
netting while apparently trying to 
escape. 

Killer whale captures soon became 
common place on both sides of the 
international boundary. Mr. Griffin sold 
one in March 1967, to the Vancouver 
aquarium. I t was named Skana and has 
been a star performer ever since. Out 
of a dozen captured in an inlet at Pen
der Harbour, north of Vancouver, in 
April 1968, several were bought by 
American interests. Five were captured 
in the same spot in August 1969, and 
four were sold to California ocean-
ariums and the fifth went to Britain. I t 
is known that in the past few years 
many killer whales have died in cap

tivity or while trying to escape from 
pens. 

A loophole in the new Canadian re
gulations exists in that there is no 
similar legislation covering adjacent 
American waters. But in August, Mr 
James Scripps, a major US newspaper 
publisher, led a group investigating 
what steps can be taken to restrict killer 
whale hunts on the United States side. 
" I am ready to subscribe to a fund to 
investigate and campaign for whatever 
regulation would appear suitable to re
strain the capture of this type of wild
life," he told United Press International, 
when he visited Lopez Island, Washing
ton state. Mr Scripps said he has asked 
the US Wildlife Department if any 
existing or pending legislation deals 
with the matter. 

Barry Band 

Biocontrol in agriculture: 1 
Most of us have heard of "biological 
control". I t is a method of controlling 
insect pests, usually by introducing 
other insects that prey on them. In fact 
it is far more than this. I t is an attempt 
to tip the balance of nature a little in 
man's favour. In this series of articles I 
shall try to show how this science 
operates in different fields, but first I 
will confine myself to a definition of 
terms and a brief discussion of the 
general principles on which biocontrol 
must be based if it is to be of real value. 
You will note that I have abbreviated 
"biological control" to "biocontrol". 
This is the more common usage in 
modern literature. There is no change 
in the meaning. 

Since the very dawn of history, when 
man first began to till the soil, he has 
had to contend with insect pests and 
weeds. References to this almost eternal 
warfare occur throughout literature and 
it is mentioned frequently in the Bible. 
In many cases, however, it is man who 
is to blame, for his farming methods 
may do more harm than good. Man is 
the one creature who can turn fertile 
land into arid desert and who can effect 
other drastic changes in ecosystems. 
Often he does not realise what he is 
doing. I hope to be able to discuss the 
Aswan Dam in some detail later, but 
this is a case in point. I t has been sug
gested that in two generations the Egyp
tians may wish it had never been built. 
The catastrophic earthquakes in Peru 
may seem as nothing compared with 
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the damage that will be caused by the 
Aswan Dam: and we are only begin
ning to get the preliminary facts. 

The lesson is a simple one and be
cause it is so simple man will never 
really learn it by heart. It is that we 
cannot tamper with nature with im
punity, that there must be very careful 
study before any new project is under
taken. We must learn to think hard 
before we introduce chemical insec
ticides, herbicides, hormones for faster 
growth in farm animals, rat poisons and 
so on. Nature provides warnings. If we 
ignore them we have only ourselves to 
blame. We need a science that will 
watch over our best interests and that 
will curb, to some extent at least, our 
basic instinct to make a quick profit 
regardless of the consequences in terms 
of our future prosperity. 

This is what biocontrol aims to do. It 
is the science of nature in all its forms. 
It aims to use the results of its studies 
to improve agricultural methods and so 
produce more food, of higher quality, 
more cheaply. Obviously, the control 
of insect pests and weeds form an im
portant part of its interest, but it is much 
wider than that. Essentially it is an 
integration of many other scientific dis
ciplines: biology, botany, ecology, en
tomology and many others all play a 
part in its development and application. 

Biocontrol does not reject out of hand 
the use of all chemical insecticides and 
fertilisers; but it insists that these be 
used in conjunction with natural 
methods which, although they may be 
slower, are likely to be more lasting and 
cheaper and which are less likely to 
produce adverse effects on the ecology 
of the area treated. The aim is always 
to observe the natural balance and to 
tip it, ever so gently, in man's favour, 
without upsetting it altogether. 

The Aswan Dam project provides a 
typical example of how not to do things. 
It may provide more hydroelectrical 
power for industry, but the cost may be 
high in terms of the increase in malarial 
diseases, the loss of alluvial soil and 
natural manures brought down by the 
flood waters, together with the increased 
salinity of the Mediterranean around 
the Nile Delta, and the alteration of 
flora and fauna patterns brought about by these and other effects. Al l of this 

could have been foreseen had experts 
in biocontrol been consulted before the 
project was launched. What may turn 
out to be a catastrophe might have been 
averted. 

The basic principles of biocontrol be
come clearer if we face an expert in 
biocontrol and a biochemist with the 
same problem: the control of a par
ticular insect pest. The chemist is con
cerned with the development of a 
chemical product capable of eliminating 
the enemy. He is not concerned im
mediately with the side effects of his 
product so long as it is effective and 
provided it is not lethal to human beings. 
His point of view is simple and coin
cides with that of the farmer, whose 
only wish is to rid himself of the pest. 

The expert in biocontrol takes a much 
broader view. He tries to see the same 
problem in its global aspect and in re
lation to the ecology of the region. He 
will pay attention to other factors, 
apart from the pest or weed that is to 
be brought under control. He will tend 
to employ subtler methods which will 
be more specific than chemical pesti
cides and herbicides and that will aim at 
the enemy while respecting man's 
friends. 

If all this is so, then why are such 
methods not known more widely and 
used? The answer is that they are well 
known and they are used widely, but 
not in Britain. Here we are almost com
pletely "sold" on the ideology of pesti
cides, to the extent that there is hardly 
a garden, an orchard or a farm in this 
country that has not suffered from their 
careless use at one time or another. 
Meanwhile, the work of the Common
wealth Institute for Biological Control 
remains unknown or is dismissed as in
applicable to these islands. 

In the United States biocontrol is 
taken very seriously indeed. Most 
universities have a chair of biocontrol 
in their agricultural departments. The 
University of California has produced 
the most complete textbook on the sub
ject so far and a glance at its biblio
graphy shows how much has been, and 
is being done, quietly and patiently, to 
advance our knowledge of this subject. 

In Britain, the Ministry of Agriculture 
published its Bulletin No. 20, on Bene
ficial Insects, in 1958. It is an outstand
ing publication, written by B. D. More-
ton, and it deserves wider circulation 
and deeper study. The Henry Double-
day Research Association also pub
lishes Biological Reports from time to 

time. Again, it is a pity they are not 
read more widely. 

Britain is not the only country where 
biooontrol is almost unknown. Spain is 
particularly backward, in spite of the 
splendid possibilities for the application 
of this science to such pests as the Col
orado beetle, Leptinotarsa decern-
lineata, and the fruit fly, which is a 
severe problem in southern regions. 
Both of these pests can now be brought 
under reasonable control without ex
pensive and non-specific chemicals. 

In spite of the outstanding successes 
of biocontrol methods, why is it that 
governments are unwilling to apply 
them or to encourage their develop
ment? This question is difficult to an
swer, for many factors are involved. The 
large firms producing pesticides fear a 
reduction in their profits should positive 
results be achieved by other, cheaper 
methods. That is not the only reason, 
however. Farmers themselves are diffi
cult to convince. They demand quick 
results and it is not easy for them to 
grasp that the release of a particular 
insect, or the avoidance of spraying at 
a particular time will effectively control 
a pest, when all they can see is an im
mediate reduction in their profits as a 
result of its ravages. 

Biocontrol is not wholly blameless in 
this. I t has had outstanding successes, 
but there have been failures, too. These 
have often been due to the hasty launch
ing of a project without adequate study 
of all the ecological factors involved. 
A scheme that should have worked in 
theory failed in practice. No harm was 
done, but the frustrated farmer saw only 
the failure. 

It is unlikely that there will be further 
failures from this cause. Al l biocontrol 
projects nowadays are subjected to a 
long and searching investigation before 
they are tried in the field. Thus they 
generally have a fair chance of success 
and even if they should fail, they can do 
no actual harm, a factor worth remem
bering. 

The procedure with regard to a par
ticular insect pest begins with a study of 
the insect itself to discover vulnerable 
points in its life-cycle that would provide 
a possibility of control by harmless 
chemical methods. This is considered in 
conjunction with an appraisal of its 
economic significance. The study will 
include the creature's natural enemies 
in its country of origin. Many pests are 
introduced species that find an open 
field for their development for the 
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simple reason that their enemies did not 
accompany them. The Colorado beetle 
is a dangerous pest in Europe. In most 
States of America it is controlled by its 
natural enemies. 

A list is compiled of natural enemies 
in order of their importance and then 
each one is studied in detail from several 
points of view. As much as possible 
must be known about its life-cycle, the 
ecosystem in which it thrives, whether 
it is a predator or a parasite and 
whether it attacks the pest at the egg, 
larval or adult stage. I t is also important 
to know whether it is specific and 
whether it is good at seeking out its 
prey. 

At this stage it is usual for the lab
oratory to take over from the field 
worker, because before any importation 
is made it must be established that no 
harm can come from importation. It 
speaks highly of the skill with which 
these studies have been carried out that 
so far there is not a single case on record 
of an insect that has been imported 
"officially" becoming a pest. I shall say 
more about these laboratory tests be
cause of their importance but also 
because they establish biocontrol as a 
scientific discipline in its own right. 

When these tests have been com
pleted to everyone's satisfaction, atten
tion is switched to the ecosystem into 
which the insect is to be introduced. 
Again, this must be studied from various 
angles, as must the problem of mass-
breeding the insect in captivity. After 
all, there is no point in introducing a 
potentially beneficial insect into an en
vironment in which it cannot survive. 
Sometimes there may be a number of 
adverse factors and the decision to 
abandon the project is clear-cut. In 
other cases it is marginal and there is 
an element of risk. Many of the failures 
of biocontrol projects have been due to 
the lack of survival potential of the im
migrant. One enemy of the Colorado 
beetle, for example, satisfied all the 
field and laboratory tests, except one. 
This beetle could not be reared in num
bers because it is so ferocious that, in 
captivity, it will attack and kill others 
of its own species. This could be over
come only by individual rearing. The project was abandoned for this reason, 

although eventually a solution may be 
found and it may be resurrected. 

It can come as a great disappointment 
to those who have worked on a project 
for months, perhaps years, when it has 
to be abandoned, but the wise expert in 
biocontrol learns to accept setbacks 
with resignation. Scolia flavifrona was 
another example. It was considered as 
a possible control agent of the New 
Zealand grass grub. Al l went well until 
it was discovered that Scolia, a strong 
flier, would need large quantities of 
food in the form of nectar from wild 
flowers and wild flowers are scarce in 
the pasture lands of New Zealand. The 
project was abandoned reluctantly. Had 
a food supply been available for it, 
Scolia would have done the job. As it 
was it would not have established itself. 

Sometimes a difficulty of this kind 
may be overcome by a deliberate sow
ing of wild flowers, but not on pasture 
land grazed by sheep that eat practi
cally everything. 

Is biocontrol economically feasible? 
How does it compare with chemical 
pest control in terms of costs? The an
swer here is simple and conclusive. In 
the long run biocontrol is much cheaper 
than any other method known at pre
sent. I have no wish to burden you with 
a mass of statistics, but they do exist, 
they speak for themselves, and they are 
open to inspection by all. Rather than 
quote them I will repeat the basic 
reasons for which biocontrol methods 
are cheaper and better than any others. 

Where biocontrol succeeds, the eco
system to which it has been applied is 
modified in man's favour once and for 
all. I f the project was launched scienti
fically there is seldom need for further 
action. Al l that will be necessary is a 
periodical inspection to ensure that the 
balance continues to be favourable, and 
this inspection costs very little. For this 
reason alone biocontrol is bound to be 
cheaper over a period than chemical 
methods which require regular re-
application, always with the risk of pro
ducing resistant strains. 

Biocontrol methods are specific, be
cause they are designed that way and 
due care is taken to assure that no bene
ficial factor in the ecosystem is ad
versely affected. We are becoming in
creasingly aware of the importance of 
this aspect as we learn to deal with 
nature as a whole. Hasty interference 
with natural laws, indiscriminate attacks 
that kill friend and foe alike, can do a 
great deal of harm. 

If biocontrol has not yet met with all 
the recognition it deserves, it is because 
of lack of funds for research—most 
Biological Research Associations work 
on a shoe-string budget—lack of dedica
ted staff, again for financial reasons, and 
lack of enthusiastic support from 
farmers and the general public. 

Nor is time on our side, because if 
it is to succeed a biocontrol project 
works like nature, slowly but well. 
Some years ago we were consulted 
about a problem that had a solution, but 
if it was to work all chemical spraying 
would have had to cease long enough 
for the natural method to become 
established. We estimated that it would 
be two years before the results showed 
the value of biocontrol methods. The 
local university's Department of Agri
culture rejected the advice we gave, but 
when chemical methods failed they de
cided, reluctantly, to give our method 
a trial. Within two years the pest was 
cleared and under control, at one tenth 
the cost of chemical treatment, and with 
the added advantage that there would 
be no need to repeat the operation pro
vided chemical spraying was kept to a 
minimum. 

I might venture to assert that bio
control can come up with an answer in 
almost every case, given time and the 
opportunity to study. What it needs is 
support and co-operation. 

David L . Greenstock 
This is the first of three reports on biocontrol 
in agriculture. 
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Ecopolitics 

New Forest 
emergency 
Visitor pressure is killing the New 
Forest, largest single tract of semi-
natural vegetation in lowland Britain. 
Every year there are 3.5 million day-
visits to it; over 400,000 "camper-
nights" are spent there; and at high 
season more than 200,000 vehicles drive 
onto heath and swards daily. Certain of 
its habitats—beech and oak woodland 
with holly understory, holly woodland 
and the "lawns"—are virtually unrepre
sented anywhere else in Britain. Yet 
they are being destroyed by the very 
people who come to them for their 
peace and beauty. 

A recent report, Conservation of the 
New Forest, notes that "most of the rare 
species of fauna and flora which make 
the Forest of unique interest require a 
relatively stable and largely undisturbed 
habitat if they are to survive". Deeper 
and deeper recreational penetration 
progressively fragments these habitats 
and also destroys fragile ground flora. 
Over the last 10 years breeding popu
lations of the stonechat, woodlark, lap
wing, redshank, yellowhammer, and 
red-legged partridge have dramatically 
declined, while since 1964 the Mon
tagu's harrier has virtually disappeared. 

Red-backed shrike, redstarts, and 
wood warblers have vanished from wide 
areas around campsites in Hollands 
Wood. Campers have taken large quan
tities of dead timber from up to 300 
yards from the Denny Wood camping 
area, thus removing the habitat of much 
of the insect fauna on which many 
vertebrates depend. Camp fires at Vin-
ney Ridge "have caused significant 
damage to one of the most important 
sites in the British Isles containing epi
phytic lichens". 

Plant collectors have much reduced 
the population of wild gladioli, which 
in this country is confined to the New 
Forest. Bird's nests are frequently de

stroyed, and visitors kill the rare smooth 
snake, not knowing it is harmless. 

The car is the chief culprit, because 
it enables more people to get to parts 
of the Forest they would not bother to 
walk to, and it is a direct cause of soil 
erosion, compaction of soil around 
trees, and destruction of sward. 

How can the New Forest be pro
tected so that its unique features may be 
enjoyed by succeeding generations, 
without entirely excluding access to the 
present one? The report recommends 
that the number of vehicle access points 
be reduced by about 1,000 to 200. 26 
"car-free zones" should be created, 
selected for their high ecological value 
or because they require regeneration, 
and protected by gates and barriers 
across tracks, and by ditches, banks, or 
barriers of natural vegetation alongside 
main roads. Car visitors should be chan
nelled into 140 areas, landscaped to be 
attractive yet withstand wear and tear, 
and equipped with lavatories and litter 
bins. 

Open forest camping should be by 
permit only and confined to 16 informal 
campsites with litter bins and effluent 
disposal points, and/or 2 areas of up 
to 100 acres for "free" camping. Other 
campers would stay at 5 fully-equipped 
sites. Lighting of fires should be pro
hibited except where simple hearths are 
provided. 

A New Forest Centre should be built, 
well-signposted so that visitors will 
naturally call there first. There they 
could see displays and recorded films, 
and be given three types of informa
tion—basic (location of sites, etc.), gen
eral (historical and natural items of 
interest near sites) and specialised (ecol
ogy of the area, how it is destroyed and 
why it must be protected). Counter-
attractions like country parks and picnic 
sites outside the Forest could also be 
advertised. 

The capital cost of the report's main 
recommendations would be some 

£440,000. Some of this, and certainly the 
running costs, could be recovered by 
charging for entry to the Forest (at 
campsites and the 140 visitor areas), 
which the report also recommends. This 
proposal is not without precedent: the 
upkeep of Ancient Monuments, for ex
ample, is financed by the taxpayer, but 
visitors must pay to go round them. 

As a matter of the utmost urgency 
the Government should allocate these 
funds and see that the Forestry Com
mission implements the report's pro
posals. For, as the report points out, 
"public pressure becomes annually 
more severe and unless our proposals 
can be implemented within five years 
we anticipate that it will have grown 
dangerously out of control to the per
manent detriment of the Forest, its 
animals and the livelihood of those who 
depend on i t" (italics mine). 

Conservation of the New Forest has 
been published in draft form, so that the 
public can comment on its proposals. If 
you are interested, copies can be ob
tained (price £1.50) from the participat
ing authorities (addresses given below). 
Your comments must be sent to one of 
them to arrive not later than 31 March. 
At all events any reader who cares for 
the New Forest is strongly urged to 
write to the Minister of Agriculture and 
to his local MP endorsing the report 
and calling for its speedy implementa
tion. A number of letters from private 
individuals does much more than an 
organised statement from a pressure 
group. Two letters are little trouble, yet 
it rests with each one of us to see that 
ecology is brought into politics, that 
ecopolitics is not an intellectual will-o'-
the-wisp but a force for reform. 

Robert Allen 

The Forestry Commission, Queen's House, 
Lyndhurst; Hampshire County Council, The 
Castle, Winchester; The Nature Conservancy, 
Shrubbs Hill Road, Lyndhurst; Verderers of 
the New Forest, c/o 63 High Street, Lyming-
ton. (All are in Hampshire.) 
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Down to Earth 

by Lawrence D. Hills 

Fight the gravel grabbers 
Every mile of new motorway demands 
100,000 tons of gravel sorted into 
"aggregate" or small stones, sand for 
the concrete, and larger stones for the 
two foot thick bed below the solid sur
face. Every town centre torn out to be 
filled with high rental shops and offices, 
every new school, factory, hospital, air
port or housing estate needs concrete, 
and there is nothing that planners plan 
that has not left a hole in the ground 
somewhere, where the gravel was 
grabbed to build it. 

By December 1st 1968, 554 miles of 
motorway had been completed and an
other 446 miles will be finished in the 
"early 1970s". The 1969 Ministry of 
Transport Green Paper envisages a 
further 2,000 miles of inter-urban 
through-routes to feed the first 1,000 
miles of motorway, which means a con
tinued demand for at least half the 100 
million tons a year of gravel dug in 
Britain today. Only 11.5 million tons is 
from shore dredging, because of the risk 
of coastal erosion. Al l the rest comes 
from wet pits dredged in river valleys 
or dry ones scooped out by mobile 
grabs. 

New motorways can leave chains of 
desolation across the countryside, be
cause once a pit has planning permis
sion to open and supply the needs of a 
section, it stays open permanently, 
supplying the demand within economic 
range. This may well lower building and 
road making costs over a wide area, 
provide an income for the Local 
Authority from the levy on every ton 
(often exceeding the total revenue from 
other rates), and make possible all the 
developments for which we clamour 
with our votes, without thought of the 
consequences for those who live near 
the pits. 

The further gravel must be hauled by 
road the higher the cost, and the longer 
the traffic jams. The nearer the pit the 
worse the damage to buildings, traffic 
congestion, noise, fumes and danger 
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because the full and empty lorries must 
funnel down what is usually a single 
access road, once a country lane. No 
one who has not learnt the snarling, 
roaring and storming of every road by 
every lorry on the run, day and night, 
lenows what it is to have a pleasant lane 
cursed by diesel smoke, noise and vibra
tion from even a distant pit. Under the 
Town and Country Planning Act of 
1947, permission to work a pit can be 
given for ten years only, after which it 
must be filled and restored for agricul
ture, although application can then be 
made to extend it. Gravel today is 
worked by giant companies who can 
afford the best legal advice and the most 
persuasive Public Relations to convince 
residents round a planned pit that, after 
ten years, the eyesore filled with grind
ing and snarling machinery will be a 
place of quiet beauty and an asset to the 
countryside. 

The Sand and Gravel Association of 
Great Britain can point to many 
examples of restoration for housing and 
industry, farmland, or nature reserves, 
and lakes for yachting and angling. 
They own however that the heavy 
machinery needed to sort the gravel into 
its several sizes, and often to wash away 
the clay fraction, cannot be written off 
in only ten years. 

They will put in for permission for 
another section to last a further ten 
years, and then another, so the pit con
tinues indefinitely, with its traffic thun
dering out of the same country lanes, 
which may be widened and reinforced, 
but even larger lorries roar past the 
same unfortunate residents. The Com
pany is making money, the owner of the 
land gains a second huge levy, which is 
larger as the pit expands for greater pro
duction. Apart from increasing their 
building and road costs by refusing per
mission, they are probably filling the 
worked out portion with dustbin refuse, 
adding flies, rats, smell and smoke when 
the tip catches fire, to the near resident's 
burden. Now, full and empty refuse 
vehicles, both Council and private, are 
added to the stream of gravel traffic. 

Even when the gravel formation is 
completely exhausted, there is danger 
from the fact that once planning per
mission has been given for any industrial 
development connected with gravel ex
traction, it cannot be refused for further 
developments. If, as an example, the 
company starts coating small stones 
with tar for road and pavement repairs, 
or puts up a silo for cement and loading 

equipment for ready mixed concrete, 
and asks for "post facto planning per
mission" they will usually get it, especi
ally if the Council finds them a near and 
cheap supplier. Then the way is open 
for concrete and breeze block making, 
spun concrete pipe manufacture and 
anything that can be remotely linked 
with sand and gravel. These industries 
must go somewhere. Why not in the 
hole already made hideous from the 
refuse and rusting machinery that makes, 
so many pits industrial slums? Then the 
noise and traffic continues indefinitely, 
as the sand and gravel is hauled in, and 
the products hauled out of a pit that: 
should have been restored to agriculture 
after ten years by a law that is harder 
and harder to enforce. 

There is hope from a new technical 
development in Germany. Here new 
motorways are made with polyurethane 
foam sprayed on at the rate of a hun
dred square feet a minute to harden in 
a layer 1J inches thick, that replaces 
the two foot gravel bed with 38^ tons a 
mile of chemicals, in five road tanker 
fulls, instead of 2,000 lorry loads of 
gravel. 

Until this cuts the gravel demand by 
about a third (the road surface must 
still be concrete) what can be done to 
ease the problem of the victims of the 
gravel grabbers. Those who demand 
theatres, old people's homes, art gal
leries, swimming pools or community 
centres are all gravel grabbers, just as 
every non-vegetarian runs a fraction of 
a slaughterhouse. 

We need a Private Member's Bill to 
reinforce the 1947 Act, granting a maxi
mum extension of five years, for 15 
years should be the limit of sentence for 
the "crime" of having gravel found in 
your locality, not a train robber's term. 
Industrial development in worked-out 
pits should be illegal, the present limit 
of 28 feet from a dwelling house should 
be extended, and only pulverised refuse, 
not offensive raw rubbish should be 
used for filling. Infringement of these 
regulations should mean imprisonment 
for the Council officials responsible. 

Until there is this protection for those 
who suffer in the "National Interest" 
which is always the financial interest of 
those who are most vocal in its defence, 
the only course of action for the resi
dents of any gravel area is to fight by 
every means in their power—local press, 
radio, TV, MPs, the Council for the 
Protection of Rural England—every
one who will help. 



Facts and Hypotheses—a false 
dichotomy 
Most people—including many scientists 
—assume that there is a difference of 
kind between a "fact" and a "hypoth
esis!" 

A fact, it is usually considered, is 
something that has been established 
"empirically", i.e. by observation; a 
"hypothesis" is just a hunch that re
mains to be verified empirically. 

This is a false dichotomy, and is only 
made by those who are ignorant of the 
nature of perception or observation. 

The latter is not simply a mechanical 
process like taking a photograph, as 
empiricists would have us believe. It is 
an organisational one. Data is detected, 
"transducted" or translated into the in
formational medium of the brain and 
organised in that pattern of informa
tion that the brain contains. 

I t is only when this has occurred that 
the data constitutes information; and 
this information is not a fact but rather 
a hypothesis based on the interpretation 
of the data in the light of our particular 
model of the system. Information is 
organised in our brain to form a model 
of our relationship with our environ
ment, i.e. of the system of which the two 
are part. 

However, each interpretation must 
vary in accordance with the model used 
and since, as a result of our different 
characteristics and different experience, 
we have all built up different models of 
our relationship with our environment, 
so our models and hence our interpret
ations will be different. 

It is for this reason that people see, 
hear and smell different things and 
that perception is so subjective. 

The information obtained by means 
of observation in terms of which we 
verify our hypotheses is itself but 
another hypothesis, from which it must 
follow that there can be no such things 
as facts as distinct from hypotheses. 

The main reason why this is not more 
apparent is that for day-to-day require
ments the subjective probability of the 
hypotheses postulated on the basis of 
our perception is so high that for all 
practical purposes they can be regarded 
as certain. 

As a result, we have an innate tend
ency towards what might be called "per
ceptive realism"—a form of subjectiv
ism in which we assume the reality of 
our perceptions, and which provides 
the psychological basis of the empiricist 
fallacy. 

Thus if I see a dog sitting on the 
green and eating a bone, I feel I have 
established a fact. In reality I have pos
tulated a hypothesis. It might for in
stance be a jackal, or a wolf, or a mech
anical contrivance dressed up as a dog. 
Similarly, what I have interpreted as 
being a bone might be something quite 
different—a stone, for instance, or a 
porcelain figurine, or a piece of wood. 
However, I shall almost certainly treat 
these suggestions with the scorn they 
deserve, for the simple reason that my 
original hypothesis fits in extremely well 
with my model, and therefore has high 
subjective probability, whereas the alter-
native hypotheses simply do not. 

The "hypothetical" nature of percep
tion becomes much clearer in the case 
of models with a lower degree of prob
ability. Thus, to return to our dog; once 
I am satisfied that he is eating a bone, 
I might postulate a number of further 
hypotheses. For instance, I might 
identify it as John Smith's dachshund 
eating a bone. I might go further and 
make certain assumptions about the 
origin of the bone. Since I know that 
John Smith's family is away on holiday 
and that the dog is being looked after 
by John Smith's mother-in-law, who is 
notoriously mean, and even more no
toriously indifferent to dogs, I would be 
pretty certain that the bone had been 
given to the dog by the local butcher. 
I could complicate my model still fur

ther by guessing what sort of bone it 
was, at what time in the morning the 
dog visited the butcher, the expression 
on the butcher's face when he gave the 
bone to the dog, etc. Even the staunch-
est empiricist would admit that these 
final details were in the nature of 
hypotheses, and that they did not con
stitute "empirical knowledge", as did 
the original facts alluded to. Empiricists 
would thus establish a sort of dualism 
between valid knowledge obtained by 
perception and not so valid hypotheses. 
If so, however, where then is the fron
tier to be drawn between these two 
categories of information! Thus, if it 
cannot be said that I saw John Smith's 
dachshund eating a veal bone given to 
it by a smiling butcher at 11 a.m., since 
much of this information is assumed or 
deducted, can I say that I saw John 
Smith's dachshund eating a bone given 
to it by a butcher? If not, can I say that 
I saw John Smith's dachshund eating a 
bone? / / / must limit myself to saying 
that I saw a dog eating a bone, why 
should the frontier be drawn at this 
point rather than any other? The answer 
is that I did not "see" any of these 
things, if "seeing" refers to an objective 
mechanical process such as detecting. 
What I saw was a mass of lights and 
shadows which I then proceeded to in
terpret, in terms of my systemic model, 
by postulating the most probable hy
pothesis, whose generalities I feel cer
tain of, i.e. have very high subjective 
probability, and whose successive par
ticularities I am increasingly less cer
tain of, i.e. have increasingly lower sub
jective probability. 

One is thereby forced to the conclu
sion that all knowledge simply consists 
of hypotheses with greater or lesser 
probability or what is the same thing . . . 
that there is no dichotomy between 
facts, however well they may be verified 
empirically, and mere hypotheses. 

Edward Goldsmith 
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student action 
The NUS Project 
The history of the National Union of 
Students' involvement in conservation 
work is short. In August 1969 HRH the 
Duke of Edinburgh wrote to the then 
President of NUS, Trevor Fisk, asking 
him whether the Union wished to take 
part in the European Conservation Year 
programme by contributing to the 
Countryside in 1970 conference in Octo
ber 1970, and by sponsoring what 
environmental projects it could. Mr 
Fisk replied that the Union would give 
its support to the campaign. Conse
quently the incoming President, Jack 
Straw, met with the Secretary of the 
Standing Committee of the Countryside 
in 1970 Organisation and representa
tives of the Nature Conservancy to dis
cuss what sort of contribution NUS 
could make. I t was decided that NUS 
should convene a Committee, made up 
of students from member-colleges and 
universities of the National Union, to 
stimulate interest in the environment 
and prepare a number of documents for 
presentation at the Countryside in 1970 
Conference which would voice the 
opinions shared at least by some mem
bers of this section of society. The 600 
or so member-organisations of NUS 
were circulated, and fourteen students 
from colleges up and down the country, 
were invited to form this working group. 

The Committee produced three 
reports on Refuse Disposal; Agricul
ture, Forestry and Management; and 
Relations with Industry, the funda
mentalist approach of which contrasted 
sharply with other reports presented to 
the Countryside Conference. 

The students' most important con
tribution was their insistence firstly that 
the Gross National Product is a singu
larly poor measurement of even the 
economic health of the nation, and 
secondly that there exist very real con
flicts between industry and the conser
vation movement—which conflicts were 

repeatedly and conveniently ignored by 
most of the specialist reports. 

On the final day of the conference it 
was announced that the Carnegie (UK) 
Trust, the Countryside Commission for 
Scotland, and that for England and 
Wales, had between them agreed to 
finance a three-year experimental pro
ject whereby NUS appoint an Officer 
and Assistant to form a Conservation 
Department in Endsleigh Street. The 
aim is for the Officer to provide local 
University and College groups with in
formation of what is happening in other 
colleges, to attempt to offer some means 
by which groups can liaise, and to en
courage the establishment of societies 
in colleges hitherto inactive in the con
servation movement. 

For further information about the 
NUS project, write to the Conservation 
Officer, NUS, Endsleigh Street, London 
WC2. 

The Hammersmith Study Group 
Originally comprised solely of architec
tural students from the Central London 
Polytechnic, the Hammersmith Study 
Group has expanded since its formation 
in 1969 to include members of Univer
sity College Town Planning Department 
and the Architectural Association. Hans 
Haenlein, a third year tutor in the De
partment of Architecture, was respon
sible for the idea, and it was his 
Chairmanship of the Hammersmith 
Society which made this region the 
obvious one on which to focus atten
tion. 

The Study's aim was to plan and to 
assist with environmental improvements 
in the Hammersmith area, and the activ
ities of the students in this project were 
to be assessed as part of their course 
work. However, some staff now fear 
that the directions of the inquiry selected 
by the students have resulted in parts 
of the study "growing outside" their 
course structure. For instance the 
students have concerned themselves 

with film techniques, social surveys, 
traffic engineering, mass communication 
and feedback. They organised a travel
ling exhibition last summer, with ten 
sites being covered in ten consecutive 
days. Citizens were asked what aspects 
of life in Hammersmith should be im
proved, what should be changed and 
what should be retained. The Study 
Group are attempting to show local 
people what is possible, and to allow 
them to say what is desirable. 

In the last two years the Group has 
done much to define the functions of 
the Polytechnic. Unlike Universities, 
these colleges were designed to play an 
active role in their neighbourhood. 
They were to provide expertise and to 
educate people not in a stiff and spec
ialist way, but rather in a manner more 
appropriate to the larger community. 
However difficult it is to encompass 
activities like those of the Hammersmith 
Study Group within the framework of 
a syllabus, if the raison d'etre of the 
Polytechnic is not to be lost, this must 
be done. There can be no artificial sub
ject barriers separating architecture 
from its social implications any more 
than town planning should be divorced 
from the opinions of townspeople. 

Members of the Study Group are now 
working towards a framework of co
operation between local architects via 
their RIBA Chapter; Department of 
Architecture, Town Planning and 
Sociology in the college, local groups, 
residents' associations, and schools; and 
the local Council and Borough adminis
tration. The local Council has benefited 
from the interest and enthusiasm of the 
students, and has been allowed access 
to the findings of their survey. Now the 
Council has been asked to give some 
measure of financial support in order 
that the Study Group's activities can 
continue. I t would be wasteful if what 
has grown from a good idea into a chal
lenging project should peter out through 
lack of funds. „ i c ; 

Graham Searle 
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Feedback 
Oil v. Eskimos 

Rapid development of Alaskan oil 
reserves "is essential to the strength, 
growth and security of the United 
States", claims an Interior Department 
report on the Trans-Alaska Pipeline 
System. Without it, the US will be 
forced into "excessive dependence on 
oil from the Middle East". 

The report admits that the pipeline 
will be the cause of much environmental 
disruption—that there will be oil spills, 
some melting of the permafrost, 
erosion, and water pollution. However 
the probable damage, it argues, will be 
offset by the advantages to the 
American economy. Valdez, the 
Alaskan port to which the oil will go, 
will benefit considerably. The Indians 
and Eskimos, apart from those de
pendent on the free movement of 
caribou who will suffer, will not. 

Financial Times, 14.1.71 

J Wild woodmen in Weald 
The Forestry Commission is to cut 
down almost 3,000 oaks at Orlestone 
in the Weald of Kent and replace them 
with conifers. They are being strongly 
opposed by the Committee for the 
Protection of Rural Kent, but to these 
woodmen economics speak louder than 
acorns. Daily Telegraph, 8.1.71 

j j Abortion centres needed 
Two gynaecologists at St Mary Abbots 
Hospital, Kensington, have stopped 
accepting bookings for abortions. They 
have been snowed under by the demand, 
and have had progressively less time 
for gynaecological work. A growing 
number of women want abortions 
because they feel they cannot cope with 
another child or lack adequate accom
modation. "But surely", said one of 
the gynaecologists, "we are not here to 
terminate pregnancies to solve the 
housing problem even though the 
situation might be quite desperate for 
the patient". He suggested the Govern

ment set up abortion centres to take 
the pressure off hospitals. 

Guardian, 9.1.71 

Defence land to be reviewed 
Lord Carrington, Secretary of State 
for Defence, has approved a 16-man 
committee under Lord Nugent to review 
the 600,000 acres of land occupied by 
the Armed Forces in Britain. The 
committee will consist of senior repre
sentatives of the Forces, officials from 
the Ministry of Defence, Department 
of the Environment, Ministry of 
Aviation Supply, Scottish Office, Welsh 
Office and Northern Ireland Govern
ment, and six independent members. 

The independent members are Mr 
Duncan Alexander, a former High 
Sheriff of Glamorgan; Major J. H. 
Askew, Convener of Berwickshire 
County Council; Mr John Cripps, 
chairman of the Countryside Commis
sion; Mr Jack Hargreaves, broadcaster 
and journalist; Col R. J. L. Jackson, 
chairman of Yorkshire Travel Associa
tion and Colonel of the Army Cadet 
Force in the North-east; and Mr Nigel 
Strutt, chairman of the Agricultural 
Advisory Council. Times, 15.1.71 

5 Waste reform 
According to the US Bureau of Solid 
Waste Management, 94 per cent of all 
authorised waste-disposal sites in the 
US are harmful to the environment. 
Almost half of them pollute rivers and 
streams and three-quarters of them 
pollute the air by open burning. The 
Bureau hopes to close 5,000 of the 
country's 12,000 open sites by the 
middle of 1972 and replace them with 
satisfactory facilities. 

Land Pollution Reporter, 
Nov./Dec, 1970 

El Pesticides act on pesticides in fish 
The ultimate effects of interactions 
between pesticides are unknown, and 
therefore no safe level can be fixed for 

any one of them. F. L. Mayer, Jr., 
J. C. Street and J. M . Neuhold of the 
Ecology Center, Utah State University, 
have shown that one pesticide can 
change a species' storage potential for 
another. Trout were exposed to three 
pesticides, methoxychlor, dieldrin and 
DDT, to see if the action of one altered 
the action of others. It was found that 
when fish ate dieldrin, they stored 157 
per cent more DDT and 328 per cent 
more DDE. 

Bulletin of Environmental 
Contamination and Toxicology, 5 (4) 

~] Nerve gas mislaid 
200 cylinders of VX nerve gas, fused 
for detonation, were left on the ice of 
a lake in the Fort Greely military test 
area, Alaska. The Army intended to 
destroy them, but forgot all about it. 
Summer came, the ice melted, the 
cylinders disappeared, and for three 
years lay there undiscovered. One drop 
of the gas on the skin can be fatal but, 
we are assured, none has escaped. 

Daily Telegraph, 7.1.71 

Q Undue editorial interference? 
The Shell Guide to Kent describes the 
village of Wye as "unspoilt" and "of 
outstanding natural beauty". Doubtless 
that is why Shell-Mex have chosen it 
for a 12-acre petrol distribution centre. 
Kent County Council seem to think 
the proposal an excellent idea, an 
opinion not shared by the villagers who 
have formed an Action Group to fight it. 

Sunday Times, 10.1.71 

^ Ecomurder 
20 per cent of South Vietnam's forests 
and enough crops to feed 600,000 people 
for a year have been destroyed by the 
military use of herbicides. It will take 
decades—and in some cases centuries— 
to restore animal life to normal, and it 
is more than likely that the unusual 
increase in stillbirths and congenital 
malformations can be ascribed to i t 
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An American Association for the 
Advancement of Science (AAAS) team 
under Professor Matthew S. Meselson, 
Professor of Biology at Harvard Uni
versity, toured South Vietnam for six 
weeks to establish the effects of the 
widespread herbicide applications (10 
times more concentrated than conven
tional agricultural ones). 

They found that some coastal man
grove swamps still showed no sign of 
regeneration after six years. Crabs had 
taken over the unbalanced habitat, and 
it was probable they devoured what 
seedlings there were. Upland forests 
had been reduced to stands of skeletons, 
while in many areas only bamboo had 
returned—to such an extent that unless 
rapid remedial action is taken, the 
forests will not return for at least a 
century. The equivalent of Vietnam's 
timber needs for the next 31 years 
(more than £200 million worth) has 
been destroyed. 

The AAAS team recommends that 
spraying be halted immediately. The 
US Government has announced that 
most herbicide operations will cease, 
but not at once. The South Vietnamese 
must wait until the stocks run out. 

Observer, 3.1.71 

Pesticide's long-term persistence 
in soil 

It used to be thought that Parathion, an 
organophosphorus insecticide, was not 
particularly persistent in the soil. 
E. P. Lichtenstein and K. R. Schulz 
showed that 97 per cent of it dis
appeared within three months. 

Now, with more sophisticated testing 
methods, D. K. R. Stewart, D. Chisholm 
and M . T. H. Ragab of the Canada 
Department of Agriculture, have shown 
that parathion remains in the soil for 
a good many years. 0.1 per cent of the 
amount applied was still present after 
16 years. The reason for this persistence 
is not known. Nature, 229 (5279) 

H Pouring money on troubled oil 
Oil companies owning over 80 per cent 
of the world's tanker tonnage between 
them have agreed to pay compensation 
of up to £12 million per accidental 
spillage. This voluntary agreement 
replaces the original ceiling of £4 
million as from April 1. 

Britain has announced that the 
maximum fine for wilful discharge in 
territorial waters will be increased 
from £1,000 to £50,000. Another Bill 
before Parliament—the Merchant 

Shipping (Oil Pollution) Bill—allows 
for damages of up to £5.8 million, or 
£56 a ton, compared with the present 
limit of £28 a ton. 

10,000 birds, many of them eider 
ducks, died when an unidentified ship 
discharged oil off Samsoe Island, 
Denmark. Guardian, 15.1.71, 

Times, 16.1.71 and Daily 
Telegraph, 8.1.71 

llB Recycling batteries 
Crushed storage battery cases have 
been successfully used as aggregate in 
asphaltic concrete by the Texas Trans
portation Institute. Collection is no 
problem since most batteries are 
already returned to central points so 
that the lead can be recovered. In the 
US, more than 50 million used batteries 
are discarded each year. 

Land Pollution Reporter, 
Nov./Dec., 1970 

| j j More on mercury 
The US Federal Drug Administration 
is testing fishmeal for mercury and 
DDT residues. The Ministry of Agri
culture is keeping in touch with the 
investigation. 

" A l l controllable sources of mercury 
contamination should be either elimin
ated or maximally reduced", says a 
special report by government and 
independent scientists led by Dr Norton 
Nelson, director of the Institute of 
Environmental Medicine, New York 
University. As a matter of "utmost 
urgency" alkyl-mercury pesticides 
should be banned, and all other pesti
cides containing mercury should be 
severely restricted. 

Financial Times, 6.1.71 and Times, 
15.1.71 

»Ecological guidebook for 
development 

The International Union for the 
Conservation of Nature (IUCN) and 
the Conservation Foundation are pre
paring an Ecological Guidebook for 
Development Planners. Written by Dr 
Raymond F. Dasmann, IUCN's Senior 
Ecologist, and John Milton of the 
Conservation Foundation, the book 
will be the first stage in a new pro
gramme designed to ensure that 
environmental considerations will be 
brought into the planning process and 
will be co-equal with economic and 
political considerations. 

IUCN Bulletin, Oct./Dec, 1970 

l j | Farming's "disturbing failure" 
The failure of farming to meet the 
National Economic Development 
Committee's import saving target over 
the past two years was described as 
"very disturbing" by Mr James Prior, 
the Minister of Agriculture. Farming 
faced a recession "unless we can get a 
better return into i t" , he warned. The 
short-fall (by some £119 million) was 
not attributed to modern farming 
methods. Financial Times, 14.1.71 

Chiltern route stands 
The Department of the Environment 
has stood by the decision of the previous 
(Labour) Government on the route of 
the M40 motorway over the Chilterns. 
Despite further representations by the 
Countryside Commission, and the views 
of the Nature Conservancy and the 
Royal Fine Arts Commission that the 
Arup-Jellicoe route is preferable, the 
Secretary of State for the Environment 
has refused even to evaluate it. 

Times, 13.1.71 

fTjl Hen-pecked 
Mr Sidney Drabble, the public health 
inspector for Brackley, Northants, 
contracted fowl pest along with 69 of 
his fellow townsmen. The virus, rarely 
transmitted to humans, causes an 
infection of the eyes resembling 
conjunctivitis. Daily Telegraph, 14.1.71 

IQj Beware the yellow-bellied sea-snake 
The proposed sea-level canal between 
the Atlantic and Pacific will definitely 
affect one species. Dr I . Rubinoff and 
Dr C. Kropach of the Smithsonian 
Tropical Research Institute have 
shown that the yellow-bellied sea-snake 
Pelamis platurus, now found only in 
the Pacific, would destroy many pre
dators in the Atlantic. Pelamis is slow 
moving and easy to attack. I t is also 
highly venomous, and Pacific predators 
have learned to leave it alone. Those 
that haven't have been wiped out. 

In laboratory experiments Pacific 
predators have gone so far as to refuse 
to eat dead pieces of Pelamis even 
when they have been hidden in pieces 
of squid. Atlantic predators, however, 
lacking the benefit of experience, are 
quick to attack the snake, which 
retaliates viciously. Many of the 
Atlantic predators died as a result of 
Pelamis' venomous bites. 

Nature, 228 (1288) 
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Ecotecnics 
by Arthur J. Pujfett 

Philips engaged in Stirling work 
In 1817, a Scottish Presbyterian minister 
patented a hot-air engine which gives 
promise of revolutionising the commer
cial vehicle market over one hundred 
and fifty years later. 

When the Rev. Dr Robert Stirling 
began looking for an alternative to the 
steam engine, pollution was far from 
his mind. His motive was to prevent 
the slaughter of mariners due to the 
explosion of the cast iron boilers instal
led on ships (of which over 50 per cent 
came to an untimely end). However, the 
Stirling engine has now been developed 
to the stage where buses are on test 
fitted with the latest design. 

Philips Research Laboratories, at 
Eindhoven, Netherlands, have been 
working on the Stirling engine for 30 
years, and as the search for a pollution-
free power plant became more serious, 
their work became even more impor
tant. 

The Stirling engine differs radically 
from the more familiar diesel and spark 
ignition engines. Although all these 
types depend for their power on a heat 
source which causes a working gas to 
expand and drive a piston, today's com
mon engines burn their fuel internally 
and intermittently whereas the Stirling 
burns its fuel continuously and outside 
the engine itself. The Stirling has a num
ber of striking advantages over its more 
firmly established competitors. Its ex
haust is relatively clean (Stirling engine 

emissions are 100 to 1,000 times lower 
than those of conventional internal 
combustion engines); it is quiet and 
almost free of vibration. I t has favour
able torque characteristics and can run 
on almost any fuel, or other heat sources 
of sufficiently high temperature. 

Philips have used the reverse pro
cess, in which mechanical energy is used 
to drive a Stirling cycle machine pro
ducing cold, for a number of years and 
it is a popular and cheap method of 
producing liquefied gases. 

The closed system of the Stirling 
gives this engine its many advantages, 
and also some shortcomings. The con
tinuous external heating of the closed 
system makes it possible, when fossil 
fuels are used, to cause the combustion 
to take place in such a way as to minim
ize air pollution by carbon monoxide, 
oxides of nitrogen and unburnt hydro
carbons. Through the intermediary of 
a suitable heat transport system any 
heat source at sufficiently high tempera
ture can be used for this engine—radio
isotopes, a nuclear reactor, heat storage, 
solar heat, or even burning coal or 
wood. 

The almost sinusoidal cylinder pres
sure variation and continuous heating 
make the Stirling engine very quiet in 
operation. An engine having four or 
more cylinders gives a virtually constant 
torque over a very wide speed range, 
which is particularly valuable for trac
tion purposes. The present design also 
makes complete balancing possible, thus 
eliminating vibrations. There is no oil 
consumption and virtually no contam
ination because a new type of seal for 
the reciprocating rods shuts off the cycle 
hermetically from the drive mechanism. 

Where direct or indirect air cooling 
is required the closed cycle has the 
drawback that more heat has to be re
moved from the cooler than in com
parable engines with open systems, 
where a greater quantity of heat inevit
ably escapes through the exhaust. This 
results, in a commercial vehicle, in a 
large radiator being needed. 

Development of the Stirling will 
quicken during the next few years as 
licence agreements have been negoti
ated with General Motors, M A N / 
MWM in Germany and United Stirling 
in Sweden. Already a propulsion system 
is being developed which boasts a com
plete absence of exhaust, using a com
bination of heat storage and the Stirling 
engine where the transport of heat is 
achieved by so-called heat pipes. 

Research by the Institute of 
Petroleum 

As a result of the Torrey Canyon in
cident in 1967, the Institute of Petro
leum (IP), which has amongst its mem
bers all the major oil companies, was 
approached by a committee appointed 
by the Advisory Committee on Oil Pol
lution of the Sea (the Callagham Com
mittee), whose mandate was the re
habilitation of oiled seabirds. 

At a joint meeting held in June 1967, 
the question of seabird rehabilitation 
was discussed. A suggested programme 
of research was put forward, but, on 
reviewing the problem, it was agreed 
that the first requirement was a wide 
literature survey to establish What in
formation was already available. This 
survey was carried out by Professor 
R. B. Clark and J. R. Kennedy and 
became available in April 1969. 

On 24 April 1969 Professor Clark 
was invited to a meeting of the IP Sea 
Pollution Committee, where he tabled 
a research project covering 5 years at 
a total cost of £40,000. This research 
project would be concerned with short 
term remedial measures of waterproof
ing the plumage of oiled auks (guille
mots, razorbills and puffins) which are 
long-lived and slow in reproduction. 
Professor Clark felt that, if 10 per cent 
rehabilitation success was achieved, this 
would be a major research contribution. 
The project was subsequently accepted 
by the IP Advisory Committee, the 
necessary financial support guaranteed, 
and Professor Clark was asked to set it 
up at the University of Newcastle Re
habilitation of Oiled Birds Research 
Unit. 

The first progress report of the pro
ject January-June 1970 has now been 
received. Staff have been recruited, a 
Scientific Director appointed, the neces
sary equipment is being installed, and 
the sequence of the research agreed. 
Visits have been made to bird cleaning 
centres around the country to compare 
at first hand cleaning methods, facilities, 
and rehabilitation success rates. Liaison 
has been established with the BTO and 
RSPCA to ensure a constant supply of 
information on the recoveries of re
habilitated seabirds. Contact has been 
made with the US Department of the 
Interior, the San Diego Zoo, and the 
Netherlands State Institute for Nature 
Management, who are also conduct
ing investigation into the rehabilitation 
of oiled birds. 



The Population Bomb 

POPULATION, RESOURCES, ENVIRON
MENT by Paul R. Ehrlich and Anne H. 
Ehrlich. W. H. Freeman. £4. 

There are some books, of which this is 
one, that are so authoritative that they make 
the reviewer's task almost impossible. Were 
it not for the price—which is outrageous— 
I would be satisfied to scrawl R E A D THIS 
BOOK across the page, and leave the 
Ehrlichs to speak for themselves. 

They start with the contention that popu
lation growth will be the most important 
determinant of political, social and economic 
reality in the foreseeable future. In itself, that 
is nothing new, but the scope with which this 
idea is developed is breathtaking and terrify
ing. There is room here for only a few 
examples: 

Controlling the "population bomb" is not a 
simple matter of distributing pills. In most 
under-developed countries, the age-struc
ture, i.e. the number of people in various 
age groups, is heavily weighted on the side of 
youth. As these children grow up and have 
children of their own, population pressures 
will inevitably increase. " . . . even if great 
progress were made immediately in reducing 
the number of births per female... it would 
be some 30 years before such birth control 
could significantly slow population growth." 

Consequences? "The low U N forecast pro
jects a world population of about 5,449 mil
lion in the year 2000, the medium forecast, 
6,130 million, and the high, 6,994 million... 
we feel that with the exception of the low 
forecast, these are too high. This, is not, 
however, because we share their optimism 
about the impact of family planning on birth 
rates. Instead... we predict a drastic rise in 
the death rate will either slow or terminate 
the population explosion." If they are right, 
people will starve, kill one another, or fall 
victim to epidemics by the tens of millions 
every year. 

Surely this is not inevitable. What of 
medical advances, projects to grow more 
food, and "farming" the sea? Like the grue
some events they prophesy, the authors run 
through these and other hopes, if not destroy
ing them altogether, at least putting them in 
perspective: 

We are too many and too greedy. 
The situation in energy resources will do 

for an example. We are not only running 
out of fossil fuels; at the same time, we are 
wasting more than 90 per cent of the uranium 
in our atomic power plants. Unless breeders 
are made feasible within the next ten years, 

there will be no atomic power by 2025. 
It is possible to live without electricity, but 

no man can survive without food. Equal 
distribution could probably ensure no one 
need go hungry in 1971. But within a very 
short time, even this improbable change in 
policy would be ineffective. The time will 
come very shortly when there simply won't 
be enough to go around however it is distri
buted. 

The conventional wisdom as to what could 
be done in the face of ever expanding num
bers of humans consists of alternative food 
sources. Grain concentrates such as Incapar-
ina, algal extracts cultured on petroleum, or 
fish concentrate are believed to hold out the 
best hope. But, according to the Ehrlich's in 
the underdeveloped comitries (UDCs) where 
they have been tried, these products "have 
not been recognised as food** The people 
will not eat them. 

What about food from the sea? Sum
ming up the consequences of the greedy way 
in which younger and younger catches are 
being accepted, with the result that several 
major banks have been fished out, the 
authors say: 

"Judging from the fishing industry's be
haviour towards the sea, one might con
clude that if they went into the chicken 
farming business, they would plan to eat 
up all the feed, all the eggs, all the chicks 
and all the chickens simultaneously, while 
burning down the henhouses to keep them
selves warm." 

Fishing is also an excellent indicator of the 
real nature of relations between developed 
countries (DCs) and UDCs. "Although DCs 
deliver some 2.5 million tons of gross protein 
in the UDCs, every year, the latter send the 
DCs about 3.5 million tons of higher quality 
protein in fishmeal, etc.. ." This situation 
applies to all trade, and is not a recent in
vention: " . . . in the famous famine of 1770 
about one third of the population of Bengal 
is reputed to have perished, a circumstance 
that did not prevent the corrupt agents of 
the East India Company from increasing its 
revenue from Bengal province by more than 
fifty per cent during that year." And while 
we have been somewhat less than altruistic 
abroad, this has been largely prompted by 
events at home: 

"Measured against food needs and pro
duction, Europe is already overpopulated." 
The continent is also a consumer of non
renewable resources that are largely imported 
from other areas, and it also has serious 
population-related pollution problems. 

The ensuing discussion of pollution, though 
it is couched in the framework of wider prob

lems above—something few, if any previous 
authors have been able to do—will be of 
less value, because it concerns itself largely 
with the US situation. 

But the references are impressively com
plete, and they deal with all the pollutants we 
know and love. 

In a sense the Ehrlichs, correctly stand the 
Ecology movement on its head. Pollution is 
determined by local industrial economics, 
which are determined by global economics, 
which are, in their turn, controlled by the 
relationship between essential materials (food 
and other resources) and the population. 
They show that the Conservation Society's 
slogan ("whatever your cause, it's a lost 
cause without population control") is literally 
true. 

They refuse to take refuge in technological 
optimism, or as they would probably call it, 
science fiction. This comes out—shockingly 
—in their views on aid. UDCs, they say, can 
be divided into three groups, like those of 
the medical system for treating war wounds, 
triage. There are those which will eventually 
become self-supporting with or without 
foreign aid, those who can do so only with 
aid, and those which will not, regardless. The 
authors feel that we should devote all our 
help to the second category, and leave the 
third to starve, as according to them, they 
will anyhow. 

This frightening, cold logic also comes out 
in relation to population control. In addition 
to free contraceptives, tax and other incen
tives to have small families, and voluntary 
sterilization, the Ehrlichs are already be
ginning to wonder whether it may not be 
necessary very soon to limit family size by 
law, not only in the UDCs, but in the DCs 
as well. But their tough-mindedness is tem
pered with idealism, and, to a limited extent, 
hope: 

"Perhaps the major necessary ingredient 
that has been missing from a solution to the 
problems . . . is a goal, a vision of the kind 
of Spaceship Earth that ought to be, and the 
kind of crew that should man her. Society 
has always had its visionaries who talked of 
love, beauty, peace, and plenty, but somehow, 
the 'practical' men have always been there 
to praise the smog as a sign of progress, to 
preach 'just' wars, and to restrict love, while 
giving hate free reign. It must be one of the 
greatest ironies of the History of Homo 
Sapiens that the only salvation for the prac
tical man now lies in what they think of as 
the dreams of idealists. The question now is: 
can the realists be persuaded to face reality 
in time?" 

Francis Arnold 
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The World of the Gulls 

SIGNALS F O R S U R V I V A L by Niko Tin-
bergen and Hugh Falkus, with drawings by 
Eric Ennion. Clarendon Press: Oxford Uni
versity Press. 80 pp. £2. 

"What is the use of a book", thought Alice, 
"without pictures or conversations?" Even a 
critic as exacting as Alice must enjoy this 
book. It is full of pictures: the lively, decora
tive and scrupulously accurate drawings by 
Eric Ennion, the superb photographs by 
Niko Tinbergen. It is full, in a way, of con
versations: the conversations of the lesser 
black-backed gull. 

The scene is set on the shore of the Walney 
Island Nature Reserve in Lancashire. The 
cast is a breeding colony of gulls. The book 
tells the story of their doings from early 
spring, when they arrive in their thousands, 
to autumn, when they fly southwards with the 
young they have produced and reared during 
the season. We see them setting up their terri
tories, courting, preparing their nests, incu
bating their eggs, and feeding their chicks. 

Packed together on the shore, "their nests 
often no more than a few yards apart", the 
gull colony is like a bird city. But this is not 
a society like those of higher mammals or 
man. There is none of the friendly good-
neighbourliness, the greeting and grooming 
and mutual attraction we can see in a band 
of monkeys. Only under very severe or pro
longed population pressure do human beings 
or monkeys lose this friendly interest in each 
other and above all in each other's young. 
But "a gullery is no city of friends. It is, 
indeed, a city of thieves and murderers". Eggs 
or chicks left for a moment unguarded are 
promptly eaten by neighbours. Congrega
tion has its advantages; the gulls heed each 
other's alarm calls and fly up in a cloud to 
mob a predator. But they are not coopera
ting in defence, like a chimpanzee band 
fighting a leopard or a human community 
fighting a tiger. Even in such emergencies the 
gulls may themselves kill any of each other's 
chicks that fail to hide in time. 

We are here witnessing social behaviour of 
a rudimentary kind. Relations between neigh
bours are purely hostile. But even "these 
cannibals" have friendly relations with their 

own particular chicks, and out of this primal 
sociability of parents and young there has 
grown a friendly relation between the male 
and female who cooperate in rearing. Court
ship begins with a ceremony in which the 
male feeds the female, just as if they were 
parent and chick, and each pair forms a small 
but real "society." 

Even this simple social life needs an aston
ishingly elaborate and intricate code of sign 
language, from the mutual threats that keep 
neighbours out of each other's territories to 
the friendly intimation by a returning mate 
that he or she is ready to take a turn at in
cubating the eggs. These are the signals for 
survival, "a system of signalling, comprising 
posture, movement, sound and colour. When 
we begin to understand this language the 
gulls' behaviour assumes a tremendous new 
interest, and we enter a fascinating world— 
the world of animal communication." 

The dream of understanding animal "lan
guage" is an old one. The Abbe Guillaume-
Hyacinthe Bougeant published a glossary for 
several bird and mammal species in 1739. 
Dupont de Nemours compiled Crow-French 
and Nightingale-French dictionaries in 1807. 
More recently, a former assistant zoo director 
called Schwidetzky has discussed the linguis
tic affinities of German and Chimpanzee. 
These were more or less absurd speculations. 
But when Niko Tinbergen decodes the sign 
language of the gulls, it is the real thing, the 
product of literally thousands of scientific 
observations. How easily, how casually al
most, he interprets every gesture for us! One 
would never guess that this account is the 
fruit of several decades of patient research 
and inspired analysis. It is all made so 
simple. 

There are some intriguing sidelights in the 
story. Gulls, like rats, are hangers-on of 
human civilisation, snappers-up of uncon
sidered trifles around the fishing boat or the 
refuse dump. Some of the gulls at Walney 
have become involved in an odd way with 
human waste disposal problems. They swal
low butter papers and milk-bottle tops, digest 
the traces of butter and cream on their way 
back to the nest, and regurgitate for their 
chicks the useless paper and metal, remind
ing one of the thoughtless father in Ibsen's 
play The Wild Duck, who promised to bring 
his little daughter scraps from the banquet, 
and only brought home the menu. The gulls, 
of course, know no better; their foraging is 
quite automatic. 

The book is adapted from the prizewinning 
film of the same name, made by Tinbergen 
and Hugh Falkus. Words, drawings and 
photographs have been put together with an 
art that conceals art. It is all so clear, so 
enjoyable, so unputdownable, one would 
never notice the technique; between the 
covers of a book, we are almost watching 
a film unfold. It is a beautiful, richly in
formative book. It will help people of all 
ages to "enter a fascinating world—the world 
of animal communication". Intelligent inter
est in wild life, aroused in this way, may 
well make a vital contribution to the survival 
of gulls—and of human beings. 

W. M. S. Russell 

CONSERVATION 
AND THE 

BALANCE OF 
NATURE 

A one-week course of special 
appeal to those interested in 
conservation and who care 
about their environment will be 

held at the 

RHYD-Y-CREUAU 

T H E D R A P E R S ' FIELD 
CENTRE 

BETWS-Y-COED, 

N O R T H W A L E S 

under the auspices of 

THE SOIL 
ASSOCIATION 

and the 

FIELD STUDIES COUNCIL 

AUGUST 7th-14th 1971 

The cost of the course is £20 
(plus £3 Soil Association mem
bership fee for those notalready 
members). This includes full 
board residence and all tuit ion. 

Full details from:— 
Mrs. Joy Griffith-Jones 
The Soil Associat ion, 
Walnut Tree Manor, 
Haughley, Stowmarket, 
Suffolk 

or 
The Warden 
Rhyd-y-Creuau, 
The Drapers' Field Centre 
Betws-y-Coed, 
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A s the course will be restricted 
to 25 places, early application 
is advised. 
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Airborne Sludge 
Sir, 

Thank you for the reprint from The Ecolo
gist "Fertility or Pollution". You may be 
interested to learn that this authority has 
always disposed of sewage sludge from its 
treatment works in the form of dried cakes, 
directly on to farmland. This of course is not 
uncommon for authorities like this one with 
several relatively small works. Two new 
works are being commissioned where it is 
proposed to dispose of liquid sludge from 
aerobic treatment process directly on to farm
land. Some interest has already been shown 
by local farmers and no difficulty is envisaged 
in disposing of the sludge. 

Like all desirable objectives there are 
snags, however, and one of these is the possi
bility of the transmission of disease particu
larly by airborne droplets of relatively "im
mature" sewage sludge. 

Such research as has been carried out into 
this aspect of sewage sludge disposal seems 
to have shown virtually no correlation with 
the incidence of disease but further research 
and the publication of results would, I be
lieve, assist the cause you are promoting and 
could well be the subject of a further article. 

Yours sincerely, 

Frank Archer, Surveyor, 
The Rural District Council of Gainsborough, 
26 Spital Terrace, Gainsborough, Lines. 

Student Action 
Sir, 

As you are now reserving a page in your 
journal for student activity, the following 
may be of interest: 3rd Year Industrial 
Engineering Students at the Hatfield Poly
technic chose for the General Studies Section 
of their course, the subject "The Adverse 
Effect of Pollution upon Ecological Systems". 

They chose the subject and lecturers, com
prising four in all. A local Chemical Plant 
Engineer who is also an Environmental 
Studies enthusiast and reader of The Ecolo
gist gave the introductory talk, other speakers 
invited are a River Board expert, a Biologist 
from within the College itself, and it is hoped 
an interested MP such as Mrs Lena Jeger 
may find time to give the concluding lecture 
on possible,courses of action. 

Yours sincerely, 

R. J. Hartless, 
5 High View, Hitchin, SG5 2HL. 

Killing or Conservation? 
Sir, 

Mr Aspinall {The Ecologist I , 5) has had 
8 infant gorillas supplied to him. This pro
bably means the death of about 24 adults at 
least. 

I have 3 chimpanzees, and realise how I 
may well have caused the killing of, say 9 
adults. 

Is this right, and does it fit in with your 
very good magazine? We have just returned 
from the Gombe Stream Reserve and it 
makes one think where the money should go 
if it is for genuine conservation. 

Yours sincerely, 

/. S. Johnstone, M.A. M.B. BCh. 
Mole Hall, Widdington, Saffron Walden, 
Essex. 

Genuine conservation depends on the estab
lishment of inviolate wilderness areas. Zoos 
can only be a poor second best—and then 
only When a population is threatened and 
this is the only way of saving it. Sometimes 
it's a difficult decision. Ed. 

Writing to MPs 
Sir, 

In response to your plea to readers to write 
to their MPs and the Minister of Agricul
ture in the article "Mrs Butler's Bill" {The 
Ecologist I, 3), I wrote to Sir Gerald 
Nabarro, my MP, and the Minister. In re
sponse I received a cursory note from the 
Private Secretary of the Minister, and from 
Sir Gerald a letter written to him by Anthony 
Stodart, explaining the workings of the laws 
concerning the use and distribution of pesti
cides and a copy of The Pesticides Safety 
Precautions Scheme. This was, presumably, 
to let me know that everything is being done 
to ensure that dangerous chemicals are not 
let loose on the public, but I do not think 
that it does ensure this. The reason given for 
the omission of labelling on pesticides is that 
the classification of pesticide products is at 
present being discussed in the Council of 
Europe. Meanwhile the British Public is com
pletely unaware of the disastrous effects of 
many of the pesticides that are, nowadays, 
for sale. 

As a layman I would like very much to do 
something more concerning the matter of 
pesticides. These replies I have received dis
cuss the problem and leave no room or fur
ther possibility for discussion or change, 
which makes it very difficult for me to con

tinue to correspond with any person with 
authority and the means to have any effect 
on the contents of Bills passing through 
Parliament. 

I expect many of your readers have had 
the same experience at the hands of their 
local MP, it is a great pity that such apathy 
is so deeply rooted amongst those who wield 
the power. 

Yours sincerely, 

Nicola Charles, 
Churchill Mill, Broughton Hackett, 
Crowle, Worcester WR7 4BG. 

MPs are there to help the electorate. It is 
important that we encourage them to do so. 
Why not write to Sir Gerald that you find his 
apparent complacency disturbing, and sug
gest a meeting to discuss the problem. Ed. 

PCB 
Sir, 

I was disappointed that in view of the 
potential danger of PCB's the authors of 
your article {The Ecologist I , 7) did not take 
more trouble to identify the sources of the 
pollution and point out that no steps are 
being taken to mitigate it. The Times 
(29.6.70) notes that PCB'S "are used 
in numerous industrial applications and 
would probably be far more costly to restrict 
than most pesticides. They find their way to 
the environment through the smoke and 
effluent from factories and the exhaust from 
aircraft engines". A most alarming report 
appeared in Nature (19.12.70) from scientists 
at the Freshwater Fisheries Laboratory at 
Pitlochry. From an examination of sewage 
sludge it was estimated that PCB's are being 
dumped in the Clyde, the Irish Sea (from 
Manchester) and the Thames Estuary—at 
least one ton in each area per year. The 
Pitlochry scientists were unable to ascertain 
which firms were responsible—presumably 
through lack of time and money—but surely 
this should be investigated without delay? 
PCB's are now present in the environment in 
quantities of the same order of magnitude as 
DDT; they are slightly less toxic than DDT 
but there are signs that they are more per
sistent. Conservationists should be very 
worried indeed. 

Yours sincerely, 

David S. Mill, 
2 Rowan Court, 66 Burnt Ash Hill. 
London SE12. 
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What has plastics to do with Ecology ? 
Our civilisation is a wasteful one. The treatment of 
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