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The sea is stering, mostly at the hand of manysdohn Gmond

All of us have in our eins the exact same
percentag of saltin our blood that exists in
the o@and A nd when we go bak to the
seadw e are @ing back from whene we
came.John Kennedy

UMAN bein gs no longer thrive under

the water from w hich their ancestors
emerged, but their relationship with the
sea remains dose. Over half the w orld's
people live within 100 kilometres (&
miles) of the coast; atenth are within 10km.
Onland at least, the sea delghts the serses
and excites the imagination. The sight and
smell of the sea inspire courage and adven-
ture, fear and romance. Though the waves
may be rippling or mountainous, the wa-
ters angry or calm, the ocean itself is eter-
nal. Its moods pass. s tides keep to a
rhythm. Itis unc hanging.

Or so it has long seemed. Apearances
deceive, though. Large parts of the sea may
indeed remain unchanged, but in others,
especially inthe surface and coastal waters
w here 90% of marine lifeis to be found, the
impact of man's adivities is increasingly
Blain. This should hardly be a surprise.

uals who ge their time are mentioned in the list of Man has changed the landscape and the

sources online.

All measurements of dances at sea in thigpott are in

nautical miles, one of which is equél.&km od.15 land

miles

Alist of sources is at
www.economist.com/specialrepas

An audio interview with the author is at
www.economist.com/audivideo

atmosphere. It would be odd if the seas,
which he has for centuries used for food,
for transport, for dumping rubbish and,
more recently, for recreation, had not also
beena.ected.

The evidence abounds. The fsh that
once seemed an inehaustible source of
food are now almo st everywher e in de-
cline: 90% of large predatory 1 sh (the big
ones aich as tuna, svordts h and sharks)

have gone, according to some sciertists. In

estuaries and ooastal waters, 85% of the
large whales have disappeared, and nearly

60% of the small ones. Many of the smaller

tsh are alsoin dedine. Indeed, most famil-

iar sea geatures, from albatrosses b wal-

ruses from seals to oysters, have au...ered
huge losses.

All this has happened fairly recently.
Cod have been aught o... Nova Sotia for
centuries, but their systematic slaughter
began only after 182; in terms of their bio-
mass the aggregat mass of the species),
they are now 96% depleted. The killing of
turtles in the Caribbean (99% cwn ) start-
ed in the I700s. The huntin g of sharks in
the Gulf of M exico (45-99%, depeding on
the variety) got going only in the 1950s.

The habitats of many of these creatures
have alsobeen a.ected by man's adivities.
Cod live in the bottom | ayer of the ocean.
Trawlermen in p ursuit of these and other
groundtsh like polloc k and haddock drag
steel weights and rollers as well as nes be-
hind their bo ats, devastating huge areas of
the sea foorasthey go. Inthe Gulf of M exi-
co, trawler s ply back and forth y eariny ear
out, hauling vast nets that scarify the sea-
bed and allow no time for p lant and ani-
mal life to recover. O... New England, o...
weg Africa, in the Sea of Okhotsk north of
Jpan, o... SriLanka, imerever tsh can till
be found, itis much the same story.

Coral reefs, whose profusion of life an d
diversity of ecosystems make them the
rainforests of the sea, have au...eed most
of all. Once home to prolitfc concentra- 1
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2 tions of big tsh, they have attracted hu-
man hunters prepared to use ary means,
even dynamite, to kill their p rey. Rerhaps
only 5% of coral reefs can now be consid-
ered pristine, a quarter have been lost and
all are vulner able to global warming.

A hotter atmosphere has several e. ects
on the sea. HArst, it means higher average
temperatures for surface waters. One wn-
sequence for coral reefs is that the symbio-
sis betw een the mrals and algae that con-
stitute a living reef is breaking down. As
temperaturesrise, the algae leave or are ex-
pelled, the corals take on a bleached, white
appearanceand may then die.

Hotterw ater, dimie rslime

Warmin g also has consequences for ice: it
melts. Melting sea ice aects emsystems
and currents. It does not a.ec sea levels,
because faating ice is alrady displacing
water of a weight equal to its own. But
melting daciers and ice sheets on land are
bringin g quantities of fresh water into the
sea, whose level has beenrising at an aver-
age of nearly 2 millime tres a year for over
40 years, and the pace is getting faster. Re-
cent studies sugged that the sea level may
well rise by a total of 80 centimetres this
century, though the tgure could plausibly
be as much as 2 mdres.

The burnin g over the past 100 y ears or
so of fosdl fuels that took half a billion
years to form has suddenly, in geological
terms, putan enormous amount of ¢ arbon
dioxi de into the atmosphere. About a third
of thi s CO,is taken up by the sea, where it
forms carbonic acid. The plants and ani-
mals that have evolv ed over time to thrive
in slightly alkaline surface waters<their
pH is around 8.3<ar e now h avin g to adapt
to a 30% ingease in the acidity of their s ur-
roundings. Some will no doubt Fourish,
but if the tr end continues, as it will f or at
lead some decdes dams,
conches and all creatures that grow shells
made of calcium carbonate will struggle.
So will ¢ orals, epecially tho se whose skel-
etons are @mposed of aragonite, a particu-
larly un stable form of ¢ alcium carbonate.

Man's interference does not sop with
CO,. Knowingly and deliberately, he
throw s plenty of ru bbish into the sea,
everythin g from sewage to rubber tyres
and from plastic packaging to toxic w aste.
Inadvertently, he also les tame retardants,
bunker oil and heavy metals seep irto the

mighty ocean, and often invasive secies

too. Much of the harm done by such pol-
lutants is invisible to the eye: it show s up
only in the analysis of dead polar bears or
intunaservedin New York sushibars.

mussels,

Increasingly, though, svimmers , sailors
and even those who moni tor the sea with
the help of satellites are enountering
highly vi sible algal blooms known as red
tides. These lave alway s occurred natural-
ly, but they have increased in frequency,
number and size in recert years, notably
since man-made nitrogen fertilisers came
into wi despread use in the 1950s. When
rainwat er contaminat ed with these fertilis-
ers and other nutrientsreaches the sea, a it
does where the Mississipp runs into the
Gulfof M exico, an explosion of t oxic algae
and bacteria takes place, killing tsh, ab-
sorbin g almost all the oxygen and leaving
amicrobiall y dominated emsystem, often
based on a arpet of slime.

Each of these phenomena would be
bad enoughonitsown, butallappearto be
linked, usually synergistically. Shughter
one speciesinthe foodwebandyouseto...
achain of al terations above or below. Thus
the near extinction of sea otters in the
northern Pacitcledto aprolifera tion of sea
urchins, which then laid waste an ertire
kelp forest that had hitherto sustained its
own ecosystem. If aciditcation Kills tin y
sea snails known as pteropods, as itis like-
ly to, the Pacitc slmon that feed upon
these panktonic creatures may also die.
Then other Tsh may move in, preventing
the salmon from comin g back, just as other
species did when cod were all but Tshed
outin Georges Bank, o... Nw England.

Whereas misfortunes that came singly

I The great ocean conveyor
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might not prove fatal, those that come in
combination often prove overwhelming.
The few coral reefs that remain pristine
seem able to cope with the warming and
aciditcation that none can esape, but
most of the reefs that have also «u...ered
overtshing or pollution have succumbed
to bleaching or even death. Biodiversity
comes with interdependence and the
shocks administered by mankind in recent
decades have been so rumerous and so se-
vere that the natural balance of marine lif e
is everywher e disturbed.

Are these thanges reversible? Most sci-
entists believe that Tsheries for in stance,
could be restored to health wi th the right
policies, properly enforced. But many of
the changes are peeding up, not slowing
down . Some, sich as the aciditcation of
the seas, will continue for years to come
simply because of events already in train
or past. And some, such as the melting of
the Arctic ice cap, may be close o the point
at which an abrupt, and perhaps irrevers-
ible, series of happenings is setin motion.

It is dear, in any event, that man must
change his ways. Humans ould a..ord to
treat the sea as an intnite resource when
they w ere relatively few in n umber, capa-
ble of only r ather ine"cient e xploitation
ofthe vasty deep and wi thout as yet a taste
for fossl fuels. Aworld of 6.7 billion soul s,
setto become 9 billion b y 2050, can no lon-
gerdo so. The possibility of wi despread ca-
tastrophe is Smplytoo great. 7
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Scramble for the seabed

The latest land-gab is under water and undexyw

R nearly 30 years, legal control of the
sea has adually stopped 200 miles from
the shore, but even thatis about to change.
The 198 UN Convention on the Law of the
Sea allows dates to extend their limi ts be-
yond 200 miles if they can show th at the
continental shelf beyond their coastline
extends that far. So long & they can pro-
duce the neessry scientitc data, and so
long asthe extramarginis atleast 100 miles
from the point at which the sea reaces a
depth of 2.5km, they will be gr anted rights
over the natural resources on and under
the seabed up to 350 miles from land. For
countries that ratited the convention be-
fore May 13th 1999 only four months now
remain for the submission of their ¢ laims:
the deadlineis M ay 13th. Asaamble for ter-
ritory is nearing its dimax.

In all, about I5m square kilometres ae
at stake. That is about half the area in-
volved inthe 19th-certury scramble for Af-
rica, and some big daims have already
beenlodged: Canadais sekingl7m sq km
and Australia 25m. Many of the countries
that stand to gain most relative to their size,
though, are poor and small: Barbados,
Mauritiu s and the Seychelles, for in stance.
Eight Pacitc island nations, among them
Hji, Palau and Tonga, are daimin g a total of
15m sq km.

The 80 or so muntries with realistic
hopes of being able to substantiate a daim
are not expecting new tshing rights. Their
designs are chiety on miner als. Many peo-
ple have for y ears believed that the seabed
was paved with g old, and with some rea-
son. It has long been known th at roughly a
quarter of the ocean Foor is strewn wi th
(@anganese nodulese, usually about the
size of an apple, which contain not just
manganese hut also cobalt, copper and
nickel. When the law of the sea w as being
debated in the 1970s these nodules
aroused enormous excitement. It subsid-
ed, though, when it became clear that the
UN's proposed arrangements for licensing
minin g in the deep sea would involv e the
sharing of technical information with a
new International Seabed Authority.
America, whose mmpanies were leaders
in the teld, did not relish parting with its
technical seaets and turned against the
UN's planned convention , which it h as yet

to ratify. Investment in deep-sea mineral
extraction cameto a halt.

Most Americans dropped their opposi-
tion to the convention after its provisions

on deep-se mining w ere changed in 1994.

Even George Bush junior eventually came
round to it and American ratitcation now
seems only a matter of time. The United
Sates, however, was not the only obstacle
to digging and dredging in the deep. Gath-
ering the nodules was, and is, technically
di"cult , chiety because most of them lie
in 4km of w ater, and it was not popular

He may turn out to be a friend

with environmentalists, either, snce the
necessry dredging girs up quantities of
sedimentthatkills everythin g nearby.

The economics of mining h as changed,
though. Industrial commodity prices, de-
spite recert falls, are much higher than in
the 1970s and technology has advanced.
That means it may now become prottable
to exploi t the manganese custs and other
minerals recently discovered. Several
countries certainly hope so. Inthe past fve
years China, Fance, Germany, India, &-
pan, Russia, South Korea and a consortium
of east European countries have all been
awarded licences by the Internation al Sea-
bed Authority to explor e minin g possibili-
ties onthe deep-o®an seabed, and a Cana-
dian company, Nautilus Minerals, hopes
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Roll on, thou deep and dark blue Oceanc«roll!

Ten thousand teets sweep over thee in vain;

Man marks the Earth with ruin<his control
Sops with the shore

nextyear to be the frst deep-water minin g
company to start production. Its plan is to
bring up ore containin g copper and gold
from the bottom of the B ismarck Sea north
of Papua New Guinea, using technology
developed by the 0..shore-oil industry .
That industry, with i ts own purposesin
mind, is also keening to move into deeper
waters, egecially inthe Ar ctic. Rising tem-
peratures and melting ice make Arctic ex-
traction easier, and American government
scientists now believe that 90 billion b ar-
rels of oil and v ast amounts of natural gas
still lie bene ath the Arctic. Nearly 85% of
these depasits, they think, are o..shore.
The thought of Ar ctic oil h as quickened
more than pulses. Ginada is edablishing a
year-round Arctic presene on land and
sea as well as in the air. Denmark is tryin g
to prove that a detached part of the un der-
water Lomonosov ridge is an extension of
Greenland, which is Danish territory. And
Russia has gaked adaim by sending a ub-
mersible to plant a corrosion-resistant tita-
nium fag some 4km below the North Pole.

Inestimab le stone s, unval u'd j ewels
The covetousness goes bgond metals and
oil. Two newish discoveries in particular
tickle commercial fancies. One is s hy-
drates«white , sorbet-like compound s that
usually consist of methane molecules
trapped in a cage of water. They w ere frst
found in perm afrost in the 1960s and then,
in the 1970s on the dopes of continental
shelves deep benath the ocean foor.
Many scientists believe these tydrates
together contain more enemgy than all the
known depo sits of fossl fuels, a possibility
that makes them highly attractiv e to coun-
tries such as &pan and India, with li ttle or
no oil or gas. The oil companies, though,
are cautious. Hydrates occur naturally in
pipelines, and are unpopular because they
clog the fow of oil. E xtractin g them would
be intensey di"c ult. And methane,
thoughitburns more deanly than coal, ab-
sorbs a wider range of wavelengths of the
Earth's outgoing radiation than CO,, It
therefore traps more heat, making it an
even more pernicious greenhouse @s.
The semond discovery is the strange
variety of deep-sea life that is increasingly
comin g to light«quit e literally. Some of itis1
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2 to be found near Elack smokerse, vents
that occur along ridges in the middle of the
oceans where two plates are sreading
apart. In such places dissolved hydrogen
sulphi de comes out of the rock and sud-
denly cools, causing minerals to condense
and create plumes of Esiokee. The trst of
these vents was discovered in 1977 on the
Galapagos ridge by scientists in the Woods
Hole Oceanographic Institution's sub-
mersible, Alvin. A more recent discovery,
on the South-West Indian Ocean ridge last
year, was made by China's researd vessel,
Dayang 1 Life at the dark depths where
these vents occur gets its food and energy
from the Earth, not from the sun<and

much of itis strange. Here can be bund sul-
phur-eating bacteria, scale worms that
thriv e in hot w ater at the tips of the smok-
ers, and shrimps<blin d, though they have
eyes on the back of their he ads<tha t can
mend their DNA even after it has been

highly irradiated. And below the crust in
these wolcanic parts micro-organisms have
been discovered thatmay o..er dues to the
origins of life.

Much of the interest, though, comes
from medical researches who hope the
strange properties of some of these aea-
tures may lead to new an ti-carcinogens or
tumour-reducin g drugs. Some more amil-
iar forms of lif e, found in m uch shallower
waters, also hold out the promise of new
medicines. Sea acumbers, for instance,
are already being harvested and minced
up by French and American pharmaceuti-
cal companies. Chemicals isolated from
soft coral o... Western Australia may help
tghtbreast and ovarian cancers.

Old hands cast doubt on theories that
huge quantities of minerals lie below the
seabed. Big seams are needed if money is
to be made. But most of the compounds
found so far, say the doubters, come from

The curse of carbon

Ameltdown tinged with acid

EN if they do not li ve in the Maldives

r Bangladesh, most people can appre-
ciate the seriousness of rising sea levels.
Much harder to grasp are most of the other
consequences of gobal warming, and es-
pecially of the b uild-up of carbon dioxide
inthe atmosphere.

About athird of this C O,ends up in the
sea. Over geological time, virtu ally all the
carbon released into the atmosphere has
been taken out of it by li ving organisms
and found its way into sediments, most of
them in the sea (some has then gone into
petroleum deposits). A vast amount of car-
bon is swillin g about or sittin g in the deep
sea below 200 metres, where a biological
pump pushes it round in such a way that
any carbon atom entering the depths from
the atmosphere will r eturn to the surface
every 500-1,200 years.

The pump is driven by phytoplankton,
the tiny p lants that constantly convert sun-
light and CO, into more plants, half of
w hich die or are eaten by zooplankton . In
the top 200 metres or so of the se&, some
dead or faeal matter is turned back into
CO, by microbes and may then re-enter
the atmosphere. Any that sink s below the
sunlit top layers will h ang around in the
depths for along time, thanks to the colder
temperature and greater density of the

deep water. Bventually, currents and up-
welling from the depths bring the dead
stu... lack to the top, where it stimulates
more phytoplankt on growth. For the d ura-
tion of i ts ¢ycle, though, this deep-sea ar-
bon is locked away. In the short term it
does not a. ect the concentration of C O,in
the atmosphere.

Short-term changes in that concentra-

Heading for the exit
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volcanic deposits. Dissolved minerals<
copper, gold, siver and so onctyp ically
rise up with v olcanic activi ty and then be-
come sea-toor deposits; the surface cop-
per in Cyprus, a volcanic island that was
once below the w aves, is an example . Wil-
liam Ryan, of Columbia University's La-
mont-Doherty Earth Observatory outside
New York, says there are fewer nodules
than people generally believe and most of
them are in very deep w ater. He adds that
everythin g done at sea is beoming more
expensive, so the economics of mining
may noth ave improved much. Heis equal-
ly sceptical about methane hydrates, argu-
ing that the energy they containisless than
the energy needed to elease and seare it.

Such cautions may be wi se, but they
will not stop the scramble. Too many mys-
teries of the deep remain unexplained
and, anyway, no country turn s down a
chance to enlarge its sovereignty. 7

| tell you naught for your comfort,
Yea, naught for your desire,
Save that the sky grows darker yet
And the sea rises higher.
GK. Chestrton

tion are mostly a..ected by the carbon in
the atmosphereitself, the carbon dissolved
in the upper layers of the sea and the ar-
bon in plants and animals on land. Until
the Industrial Revolution, the exchanges
among the three were more or less in equi-
librium. But now the c oncentration of c ar-
bon dioxide in the atmosphere is higher
than it has been for at least 365,000 yearsl
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2 (some sy 650,000), even though about
half the CO, produced in the past 200
years by burnin g fossl fuels and making
cement has gone into the sea. As a result,
the sea is 30% more acidic than it would
have been without man's new activities.

Even more alarmingly, the processes

now set in train c annot easily be stopped,
let alone reversed. Though CO,in the sur-
face layer is readily exchanged with the a t-
mosphere, the mixing of th at water with
deeper layers takes several hundred years,
meaningthe acditcation atthetopisthere
for the duration. It i s, said Britain's Royal
Society in 2005, Eesentially irr eversibles
durin g the lifetime of anyone alive.

Exactly w hat this means for life in the
sea no one quite knows. One fear is that
the increasing acidity will kill o... p tero-
pods and simil ar creatures with calcium-
carbonate shells or skeletons. A recent
study found the seas acidifyin g ten times
faster than previously believed, with dis-
turbin g e. ects on mussels oysters and oth-
eranimals livin g in coastal regions. But big
tshindeeperwaters mightalso be a. ected
if entire species were lost at the bottom of
the food web. Another worry i s that the
egos and larvae of some tsh may be un-
able to surviv e in more acidic water, and
that creatures like squid w hich need a lot
of oxygen will al so die out. Any shorten-
ing of the food chain is likely to destabilise
entire emsystems, possibly leading to new
onesinwhichjustone ortwo species such
asjellytsh, predominate.

A di...eren set of concerns surrounds
coral. Coral reefs, which have evolv ed over
400m y ears, are the higged living struc-
tures on Earth and the richest in terms of
marine biodiversity . A quarter of all sea
species pend atleast a part of theirlifeina
reefcan d many reefs are in cold or temper-
ate waters. Their bounty already puts
them at risk from tshermen. The Darwin
Mounds to the north-w est of Scotland, for
instance, which support extensive mlo-
nies of cold-wat er coral, were smashed up
soon after their discovery in 1998 by traw-
lermen eager to get at the tsh. Similar dam-
age has beendonetoreefso... drway .

Yet coral is also at risk from aciditca-
tion, and more so in colder waters even
thanintropical ones, snce mlder seas tend
to be more acidic. If the seas mntinue to
become less alkaline atthe aurrentrate, the
time will soon come w hen reefs will start
to lose wral faster through erosion than
they gain it through calcitcation. How
soon? Some sciettists think it could be in
60 or 70 years. Many fear that half the
world's coral will be gone by 20 30.

The other asped of m an-made carbon-
dioxi de production th at a..ects the sea &
global warmin g itself. Though the oceans
heat up more slowl y than the land, higher
temperatures af already causing them to
expand. Indeed, expansion is now raising
sea levels by at least 10-20an per century
(they rose about 30cminthe 20th century).
The melting of glaciers, ice caps and polar
ice sheets on land, however, has the poten-
tial to account for m uch more. The Arctic
has lostover 40% of its year-round ice snce
1985,14% in 2004-05 alone. hiswillnotd o
much directly to raise sea leels, because
most Arctic ice is Foating, but it suggests
that the melting is eeding up, and thatis
confrmed by the tow of the J akobshavn
glacier in Greenland, which doubled in
speed betw een1997 and 2003.

From Greenlan d'sicy mo untains

Most scientists think East Antarctica is $a-
ble, because it is high and dry, meaning a
temperature rise of a few degrees will

cause no melting. But if even half of the

Weg Antarctic and Greenland ice sheets
w ere to melt, sealeels would rise by six or

seven metres, fooding many of the

world's big cities, and the outlook is dis-
couraging. Over the past 50 years the fast-
est rise in temperatures on Earth has been
on the Antarctic Peninsula, in the wes of
the continent; this has been matched only
in Alaska. And lastyearthe Wilkin s shelf, a
huge plate of foating ice atached to the
peninsula, darted to break up, losing some
2,000 sg km in six mon ths. The eighth ice-
shelf collapse onthe peninsulain 30 years,
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itis further evidence of an acceleration in
warming. Weg Antarctica as a whole lost
ice about 75%é&ster in 2006 thanin 1996.

The melting of an ice shelf, which is
merely a foating projection into the sea,
would not a..ed sea levels. It would take
the melting of an ice sheet to do that. Yet
that is just what is happening in Green-
land, whose mrlatively warm and wet
sheet is on course to melt completely,
bringin g the prosped of a sea-level rise of
perhaps seven metres. The hg questionis
when, and that is unanswered. The Inter-
governmental Panel on Cimate Change in
2007 forecag arise of 18-59m thi s century.
Many think this m uch too conservative.

When sea ice mets, the newl y exposed
dark water absorbs radiation rather than
refecting it, as s1ow or ice would. That
raises the emperature of the sea, making
the ice melt even faster. Somehin g smilar
happens when terrestrial ice melts. Ether
itexposes bnd, whichthenwarms up; or it
forms ponds (or lakes or greams) of melt-
water on the surface of the ice, which ab-
sorb energy and melt more ice. Both mean
aloss of heat-retecting ice and a net addi-
tionto global warming.

One related concern seems to have
abated, though. For some time scientists
were puzZed by the speed with which
meltwat er could disappear through the ice
asitdrained down n atural pipes knownas
moulins. A meltwat er lake on the Green-
land ice sheet that contained 44 billion li-
tres and covered 57 sq km gurgled away
within 24 hours in 2006. M ost of itw entin
90 min utes, at a rate that at its maximum
was faster than the average tow of the N i-
agara Ralls. The fear was that when thi s
quantity of w ater hit the bottom, it would
detach the ice from the bed on which it
rested and lubricate its passagp to the sea.

Not so, it seems, to judge by a study
published last year by Sarah Das, of
Woods Hole. The mekwat er did indeed cut
through nearly km of ic e, as some had hy-
pothesised and others had doubted, forc-
ing its way down th anks to its greater
w eight and density. But it did not des tabil-
ise the iee sheet or provi de anew r eason to
worry aboutrising sea levels.

Even if it me ant nothing for sea levels,
though, a melting Arctic still means a lot
for the ecology of the region. Polar bears,
for example, are bemomin g endangered, as
the disappearane of ice obliges them to
swim farther and farther to catch seals,
their main prey. In contrast, some humans
are delighted by the new w armth. Green-
landers can now grow potatoes, miners
are eyeing newly accessilde mineral reser-1
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2 ves ard trawlermen can more easily pur-
sue tshinto northernw aters.

Most excited of all, though, are oil-drill-
ers and shipping companies. Shell Ql,
frustrated last year by lawsuits Tled by en-
vironmentalist s and Alaskan natives, is ea-
ger to start exploitin g its leases in the Bawu-
fort Sea. Rissian companies such as
Gazprom are already developing telds in
the Barents Sea. And Russia, like America,
think s the Arctic holds lots more oil and
gas. It believes that the territory it consid-
ers to be rightfully its own« t lodged a
claim for 12m sq km of seabed in 2001«
holds 586 billion barrels of oil, more than
twice Saudi Arabia's proven reserves In
this it may be wr ong, but there is no doubt
that fossl fuel, the very agent that is de-
stroyin g the Arctic, will become far more
available as a result of the destruction it
wreaks. In all, the Arctic may hold 20-30%
ofthe w orld's undiscovered oil reserves.

Soon shippin g will join the poll uters of

the north. Anew seaway thr ough an unfro-
zen Arctic Ocean would cut the journey
from Rotterdam to Yokohama via the Suez
canal by 4,700 miles, asaving of 42%. Fom
Rotterdam to Seattle via the Panama canal,
the savingwould be 2,000 miles, over 20%
Ship s too big to go through the Panama ca-
nal would save even more.

Would the fnancial savings be mm-
mensurate? If it cost no more to sall
through the Arctic than anywhere else,
yes: the svings per voyage would be huge.
But even if the ice melts as fast as shippers
hope (and scientists fear), navigation is
likely to demand strengthened hulls, high-
er insurance and extra training for crews,
alladdingtothe costs.

Bverythin g depends on the speed &
w hich the ice disappears. Computer mod-
els have been predicting that the Arctic
will not be ic e-free, even for a shorttime in
late summer, until 2040, and at present
only icebreakers and the occasional lone

More abused than used

But the sea can be harnessed for energy, andreocarbon

F ALL the blights a%oi¢in g the sea, car-
bon dioxide is just one. Man has used
the oceans as a dustbin forfart oolong.

The binw ould be evenfuller and f ouler
had the London dumpin g convention not
been dgned in 192, but the sea is still hid-
eously poll uted. Over 60m litres of oil run
0... America's $reets and via rivers and
drains tnd their w ay into the oceans each
year. Through sewage and medical waste,
antibiotics and hormones enter the sys-
tems of seabirds and marine mammals.
Mercury and other me tals turn up intun a,
orange roughy, seals, polar bears and other
long-lived animals.

So does radioactive e%uent, whether
from Sellateld, a nuclear reprocessing
plant on the w est coast of England, or the
scrapyards of Russia: between 1958 and
1992, the Arctic Ocean was used by the So-
viet Union, or i ts Russian successor as the
resting-place for 18 unwant ed nuclear reac-
tors, several still containin g their nuclear
fuel. All over the world, oil spill s regularly
contaminat e coasts.

More alarmin g gilli sthe plague of plas-
tic. TheUN Environment Programme reck-
oned in 2006 that every square kilometre
of sea held nearly 18,000 pieces of oating
plastic. Much ofitwas, and s, in the central

Pacitc, where sciertists believe as much as
100mtonnes of p lastic jetsam are suspend-
edintw o separate gyres of garbage overan
area twice the size of the United Sates.

About 90% of the plastic in the sea has
been arried there by win d or water from
land. It takes de@des to decompose or
sink. Turtles, seals and bird s inadvertently
eat the stu.., and not just in the Pacifc. A
Dutch study of 560 fulmar s picked up dead
in countries around the North Sea found 19
out of 20 had plastic in their stomachs<an
average of 44 pieces in each. Moreover,
when plastic breaks up it attracts toxins,
which become concentrated in barnacles
and other tiny or ganisms and thus enter
the marine food c hain.

Some action is being taken. Volunteers
work to catch at least some of the plastic
pellets<hundred s of millions e ach w eek«
that are washed out to sea by the Los Ange-
les river. Oil spills should become rarer
after next year, when all single-hulled
shipswill be b anned.

E...ors are also being made to prevent
the spread of in vasive species though the
taking on and discharging of ships' ballast
water. The worry i s that creatures like the
Chinese mitten crabs that have been intro-
duced to San Fancisco Bay (along with 175
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yachtsman are getting through. But some
people believe change is cmoming so fast
that the northern seas will o pen up much
earlier than expected. They may be right.

If so, it will be seen as a harbinger of a
another horror: the prosped of a shut-
down of the N orth Atlantic conveyor. This
isthe aurrent of w ater that takes enormous
amounts of heat«abou tas much as would
be generated by a million n uclear power
plants«dr om the tropics and carries it to
eastern North America and w estern Eu-
rope. The fear is that melting ice, along
with increased snow and rain, oould re-
duce the density and salinity ofthe t op lay-
ers of the sea, making them more buoyant.
At present, the conveyor depends on sur-
face water sinkin g and travellin g towards
the equator, there to rise again and bring
warmth back to the north (see map in the
introduction ). If this current stopped, the
average temperature in Europe might fall
by Tvetoten degrees @Isius.7

other alien species), for instance may
spread to other places overwhelmin g the
native varieties. A Egbal ballast partner-
shipe hopes to reduce this risk. Similarly, a
UN convention may soon ban the use of
tributyltin , a highly toxic chemical once
addedtothe paintused onalmostall ships'
hulls, in orderto kill al gae and barnacles.
Shippin g itself is a huge cause of pollu-
tion. The International Maritime Organisa-
tion said lagt year that sea transport ac-
counted for only 2.7% of total emissions in
2007. But leaks last year from an unpub-
lished report by the Intergovernmental
Panel on Climate Change put the tgure at
nearly 4.5%, &out twice as much as the
share of aviation . And, though shippin g is
now in decline, by 2020 emissions are ex-
pected to rise by 30%. Since kips burn
bunker oil, the dirtiest of f uels, that means
not just more CO, but also more Egrticu-
late mattere, which, according to a contro-
versial paper published in 2007, is already
responsible each year for about 60,000
deaths from chest and lung diseases in-
cludin g cancer. Most of these occur near
coastlines in Europe, East and South Asia.
Various measures @uld reduce this pol-
lution. Some <hips are already going dow-
er, to save fuel; some are also turningl
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2 cleaner, low-sulphur oil; some journeys
are beammin g unnecessary as rising costs
make it unprottable to send food, for in-
stance, from America to be processed in
Asia and then carried back to where it
came from. And shipping oould, and
should, be included in all carbon-trading
schemes notably the EUs.

In principle, it should also be possible
with concerted action to arrest, if not re-
verse another growin g problem, the rise
of slime. This is a term coined by Jremy
Jackson of the Saipp s Institution of Oc ea-
nography atthe University of C aliforni ain
San Diego, here used as sorthand for the
increasingly frequent appearance of dead
zones, red tides and jellytsh. All these
seem to have occurred naturally for c entu-
ries, and still do. Red tdes, for example,
regularly form o... the Cape ®ast of South
Africa, fed by nutrients brought up from
the deep, and o... krguelen island in the
Southern Ocean. Nowadays, though, most
are associaied with a combination of p he-
nomena including overfshing, warmer
waters and, often, the washing into the sea
of farm f ertilisers and sewage.

In shallow coastal waters, most of the
Tsh tend nowaday s to have been aught.
As the larger species dsappear, so the
smaller ones thrive. These snaller organ-
isms are also dimulat ed by nitrogen and
phosphorous nutrients running o... the
land. The upshotis an explosion of gr owth
among phytoplankt on and other algae,
some of w hich die, sink to the bottom and
decompose combining with dissolved
oxygen as they rot. Warmer conditions,
and sometimes the loss of mangroves and
marshes which once aded as flers, en-
courage the growth of b acteria in these
oxygen-depleted waters.

The result may be a sludge-like soup,
apparently lif eless<hence the name dead
zones<bu t in truth t eeming with simple,
and often toxic, organisms. These nay be
primitiv e bacteria whose dose [lations
are knownto h ave thrived billion s of years
ago. Or they may be algae which colour
the sea green, like the carpet of weed in
Qingdao that nearly brought the sailing to
ahaltinlastyear's Olymp ic games. Some-
times they colour it red, b ut this is less the
wine-dark sea of Homeric fame than the
red-brown w aters of Forida's Gulf
coast<or C hesapeale Bay, or the Adriatic,
or Hiroshima Bay, or the inlets of New
South Wales. In auch places red tides tend
to form, some producing toxins that get
into the food chain through shelltsh and
rise up to kill bigger tsh (if there are any
left), birds and even seals and manatees.

Occasionally, the poisons waft ashore to
Tl clinics with ¢ oughing patients.

In other places such as Australia, Spain
and Namibi a, the plague brings a di..erent
form of simple, invertebrate life, the jelly-
Tsh. As other fsh disappear, these gank-
ton-eating organisms move in, to the de-
spair of swimmer s and the consternation
of Tshermen. Some trawlermen, however,
have adapted, abandonin g more conven-
tional catches in favour of jellies. Nearly
500,000 tonnes of these aeatures were
caught in 2006, most of them in A sia and
degtined to be eaten in soup or salads by
Chinese or hpanese.

Red tides and smil ar blights do not nec-
essarily last long, nor do they cover much
of the surface of the sea. Bit they are in-
creasing in both size and number: dead
zones have now been reported in more
than 400 areas. And increasingly they af-
fec not only estuaries and inlets, but also
continental seas such as the Baltic, the Kat-
tegat, the Black and East China Seas and
the Gulf of M exico. All of these, point out
Robert Diaz and Rutger Rosenberg authors
of areport last Augustin Scienceare tradi-
tional Tshing grounds.

The spread is exponential , they say. The
direction is just as worrying . The winner s
in these newly poll uted, over-exploited,
oxygen-starved seas are smple, primitive
forms of life, whereas the losers are the
ones that have taken aeons to develop. Al-

Houndering towards the primeval ooze
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gae, bacteria and jellytshthrive while tsh,
coral and sea lions die. Itis, wrote Kenneth
Weiss of the Los Angeles Timesin 2006, as if
(Evolution is running in reversee. And
though a few i deas have been put forward

to reduce fertiliser runo..s<a cap-and-
trade system for nitrogen polluters, smilar

to those for European carbon poll uters, for
instance«i t is hard to see a soltion. Not
enough is known a bout the causes of the
problems, and too many of the agents are
far removed from the scene of the event.

Realms of ocean, telds of air

Have all marine resources been éused or
exploit ed to the pointw here the sea@n do
nothin g more forman? No. It stillh as much
to o..er, epecially in helping to solve one
ofthe very problems fromw hichitsu...ers
itself, CO-induced gobal warming.

The most beguiling idea is to speed up
the rate at which carbon is taken out of the
atmosphere and into the sea: inaease the
concentration of C O,inthe oceans by 0.5%
and the concentration in the atmosphere
returnsto pre-industrial levels. The trouble
is the sea then becomes an acid kath. Bven
S0, some pele thinkitcan still help .

One popularideais to use iron to fertil-
ise the sea, ausing the same &plosion s of
phytoplankt on that often precede dead
zones and red tides. If this w ere to happen
in the deep se, the carbon absorbed by
the plankton through photosynthesis
would descerd to Davy Jones's loker for
several hundred years. It was this thought
that caused John Martin, once head of the
Moss Landing Marine Laboratories in Cali-
fornia, to dedare, E® e me half a tanker of
iron, and I'll give you anice age. Laborato-
ry experiment s suggesed that every tonne
of iron sprinkled on the seawould remove
30,000-110000 tonnes of CO, from the air.

Several companies are now tryin g to
put this into practice and thus make mon-
ey by selling carbon credits. One trouble,
though, is that very little of the c arbon
drawn in to the sea by plankton sinks far
enough down before it is eaten by other
plankton and recyded into the atmo-
sphere. Another drawback is that the side-
e...ect are largely unknown an d poten-
tially horri ble if, for example, a Eweds
species were to take advantage of a
changed emsystem. At best this scheme of-
fersagnall and temporary benett.

Two other ideas are more promising.
Oneisto capture CO,and storeitunderthe
seabed. David Goldberg and Taro Taka-
hashi of Lamont-Doherty belie ve that
nearly 150 years' worth of the Uni ted
Sates' GO, production could be injectedl
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2 into 78,000 sq km of subsea rock o... west-
ern North Americ a. The basalt and the CO,
would read with e ach other, reducing the
scope for leaks, which w ould be further di-

minished by the blanket of sediment th at
coversthe ocean foorinth atarea.

Though it is harder to pump CO; into
saline aquifer s or disused oil wells in the
sea than on land, the idea is still attractive,
and certainly less risky than another p ro-
posal, which is amply to dump the cap-
tured CO, on the foor of the deep ocean,
where pressure and temperature would
keep it liquid and well away from the at-
mosphere. Currents, however, might stir it
more than expected, and it would react
with the water above it. This might lead to
the formation of h ydrates, which could be
unstable if disturbed, and it might also
lead to a lake of CO, on the ocean foor
w hich would be acidic at the margins.

An altogether di..erent, and better, idea
isto use the sea to generate green, CO,-free
energy. The sea o.ers three ways of doing
this. The win ds«who se energy derves
from the sun, via the convection of air c ur-
rents<ar e increasingly harnessed by win d-
mill s both on-and o..shore. The advantage
of having them at sea is that they can occu-
py unused open gace and ruin fewer
views than onland. Butwin d poweris un-
certain, sometimes providin g too much
electricity and sometimestoollittle.

That is true of w ave power, too, which
also gets it energy from the sun, in this in-
stance via the win ds. The trst commercial
wave-power farm started producing elec-
tricity last year o... Agugadoura in north-
ern Portugal, using one of several available

Not quite what Homer meant

designs this one developed in Swotland. Its
Trst aim is to provide enough power for
1500 homes, and ultimately nine or ten
times as many. Rival technologies are be-
ing developed in Canada, the United
Sates and esewhere, and some are operat-
ing, for example, o... Havaii and the west
of Sootland.

A better bet, atleastin terms of continu-
ity of p roduction , is tidal power, whose en-
ergy comes from the gravitation al pull of
the sun and moon. A few tidal projects,
such as the 42-year-old barrage at Rance in
France, operate like traditional hydro
schemes inw hichtidal water simply rush-
es through turbines. Most others use the
principle of an underwater windmill
whose otors are turned by the tide. The

Penty more tsh in the sea?
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leading test centre is in Orkney, o... north-
east Smtland, where the win ds blow and
the tides race as in few other p laces.

One trouble wi th tidal power is the dif-
Teulty of servicing un derwater installa-
tions. Another is ensuring that they do not
get carried away in storms: Orkney's cli-
mate may y et prove too wild. And, lik e all
marine energy, tidal pow er may be easiest
to produce in places where it is least need-
ed«f ar away from centres of population,
where mnnections to the national grid
would be expensive. New York, though,
could be an exception: a tidal scheme is
now bein g tested in the East River. South
Korea's Silwa Lake tidal plant, planned to
openthisyear,willal so serve aneighbour-
ing city, Ansan, with 6 90,000 people.7

No longer: technology has made the elusive axthangible into easy @y

HE seais dill deep, and Tsh may still be

relatively cheap, but it costs much more
thanitusedto. Anditis far f rom plentiful.

This has become a @mmonplace. Reople
have long been told that the North Sea is
tshed out and that the waters of the North
Atlantic closed to Europe now p roduce only
afraction of the bounty of the 1940s Books,
articles and reports regularly record the de-
cline. In 2004, for instance a Bitish royal
commission described in bleak detail the
collap se of north-east Atlantic cod, of North
Sea hake and plaice, and of other species dis-
carded as (Byratche and thr own b ack dead

into the sea in huge numbers.

Americans have heard simil ar stories.
An authoritativ e report from the Pew
Oceans Commission told them in 2003
that, of the American t sh population s that
had been assesed, 30% vere being over-
tshed, many of them un sustainably.
Books like (E@de, by M ark Kurlansky, have
eloquently described how the tshing
grounds that stretch from the shallow w a-
ters o... NMwfoundlan d south to Georges
Bank, once oconsidered the richest in the
world, have come to be @mmercially mor-
ibund. Governments, though slow to re-

spond, have not been wholly blind to the
changes. Ganada's dosed the Grand Banks
in 1992 Hshermen themselves have seen
the evidence, and not just there. In the
1970s for instance Wes Coast trawlers
were landing 11000 tonnes of bocaccio a
year. In 2001, just before the fshery was
closed, the @atch was 214 tonnes.lt will t ake
at least 90 years, say scientists, for the
stocks to recover.

Andovertfshingis notjusta problem of
northern tsheries. A paper published in
Nature in 2003 crried 13 charts showing
the catch per 100 hookss in di..erent tsher-1
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2 ies from the temperate Racitc to South

Georgia in the southern Atlantic, and from

the Gulf of T hailand to the S Pierre Bank
0... Lérador. Each chart displayed a smi-

lar precipitous dese@nt in the catch from

the start of industrial Tshing, some time
before 1960 to a virtual p lateau between

1980 and 2000. (E@r analysise, said the au-
thors, Ransom Myers and Boris Worm of

Dalhousie University in C anada, GEsygests
that the global ocean has lost more than
90% of large predatory tshes.e These ae
the ones, cod, goupers, salmon, tuna and

soon, that everyone likes to eat.

Gme, friends,

An even gloomier assessmert came in
an article by 14 academics in Sciencein
2006. The acelerating erosion of b iodiver-
sity, often associated with overtshing, pre-
saged a HEgbal collapses to the point, in
2048, where all species wrrently fshed
would be gone, they said.

The mackerel-crow ded seas?

Even many scientists who are alarmed by
the evidence of overtshing tnd such con-
clusions montroversial. Most non-scientists
are unmoved. For a gart, tsh appearsto be
in plentiful supply. Bzen cod is available;

and plough the

But make sureafmed tsh areaggies

R most of man's existence he has
been a hunter-gatherer. These days,
however, it is as a farmer that he harvests
almost all his food from the land. Now he
has garted farmin g the sea, bo. The world
produced 48 hillion t onnes of farmed fsh

in 2005, worth $71 billion . That was 34% of

the total, a proportion th at is likely to rise
to half by 20 10. A huge variety of 1 sh, in-
cludin g cod, aaytsh, bream, halibut, mus-
sels, salmon, seatass and surgeon, are all
farmed, providin g jobs and food for peo-
ple all overthe world.

Unfortunately , tsh farmingis still inits
infancy and in some places may do more
harm than good. In Indonesia, Thailand,
Vietnam and other parts of Asia, huge
swathes of coastline have been deruded
of trees to make way for pon ds and pens.
Many fsh farms aeate pollution, too.
Even if the water in which the tsh are
reared starts out fresh, the build-up of fae-
ces and uneaten food soon makes it foul.
The mix is m ade even nastier by the pesti-
cides and antibiotics needed to keep the
crop alive. And to cap it all, aquaculture
produces GO, and gobbles up enemgy.

China, which produces aout 70% of
the world's farmed tsh, has been a noa-
ble o..ender in creating such poll ution.
Many of i ts fsh have been found to con-
tain heavy metals and toxic chemicals.
But China is not alone. When salmon
farmin g trst started in Europe, the tsh of-
ten became infested with lic e, which then
spreadtowild T sh. The drugs to treatthem
contribut ed to the pollution of the w aters,
already contaminat ed by the growth hor-

mones and antibiotics added to the food.

Simil ar problems dill ari se esewhere.
Million s of tsh w ere killed | ast year when
aviru s aalled infectious salmon anaemia
swept through Chile's salmon farms.
Many blamed the outbreak on intensive
farming. Farmed fsh are also prone to par-
asites, one of w hich, Gyrodactylus salaris,
hasinfected about 10% of Norway'srivers,
wipin g out the wil d salmon. Farmed tsh
also do damage when they escape, as
many do. Sometimes the escaped $h in-
terbreed withwild T shto the detriment of
the local stock. Sometimes they et the
young of their rivals. Alway s they com-
pete for food.

The solution s to these problem s are of-
ten known, if not applied. They usually
involv e fewer farms, clouring s and pesti-
cides, and deaner water. But some di"-
culties are more complicated.

Cod's head for salmon'st ail

Some tsh, such as groupers and eek, do
not breed in captivity. They must be
reared from Tsh caughtin the wild, w hose
stocks are thereby reduced. And most of
the tsh that people like to eat are preda-
tors, which means they must themselves
be fed fsh. This is not an e"cien t busi-
ness. t takes at least three kilos of tsh
meal to add one kilo to the w eight of a
farmed salmon. Most of this me al is made
of ground-up anchovies, menhaden or
sardines. Such forage fsh already account
for nearly a tith of the w orld's total annu-
al catch; another tfth goesto feed pigs and
poultry. Increasingly, as these snall and
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over 7m tonnes of cod-family (Gadidae)
Tsh are caught each year. Sushi bars have
spread across the world. To cater for the
aversion to red meat, and a new-found
need foromega-3 ftty acids, fshdishes are
on every menu, even in steak houses. $i-
permarkets and restaurants boast of (Egs-
tainables supplies, and sandwic hes are re-
assuringly labelled Edlphin-friendlye,
howev er threatened the tuna within them
may be. Best of all, for the ethical consum-
er, Tsh are now farmed (see boc below).
Salmon has become so gentiful that peo-
ple weary of i ts delicate taste.

sea

1

middle-sized fsh run out, smaller and
hitherto commerciall y w orthless ones ae
scooped up in tne-meshed nets. With
them are quantities of tiddlers that, were
they to survive , would grow in to bigger,
commercially valuable tsh.

They might be ewmlogically valuable
too. The grikin g drop in numbers round
British coasts of such seabirds as arctic
terns, kittiwakes, guillemotsand pu™n sis
probably a result of the di sappearane of
sand eels. These lave either ted north to
stay cool or been tshedtothelastelverbe-
fore being turned into salmon feed.

Perhaps the most grotesque form of
tsh farming is the ranching of bluetn
tuna, a delicacy that may sell for as much
as $860 a kilo. Buetns are sersitive crea-
tures that hate being cooped up so much
that, if contned, they tend to throw them-
selves against their cages and break their
necks. Australian Eancherse have now
adopted a technique that involv es atch-
ing young bluetns, envelopin g themin a
huge net and dragging it slowl y round the
south seas for mon ths while feeding them
pilchard s imported from w est Africa.

If Tsh are to be farmed in ever greater
numbers, most had better be plant-eaters.
BEven better, from an environment al point
of view, are molluscs sich as mussels,
clams and oysters. These need no £eding,
thrivin g on plankton alone. They may
even dean the water they live in. The
main damage associaied with farming
shelltsh is caused by harvesting them
with dredges which ruin the seabed. For-
tunately, they can be gathered by divers.
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Moreover, Tshermen themselves seem
sceptical of any lon g-term scarcity. They
clamour for bigger quotas and fewer re-
striction s (except on foreign competitors),
and complain that the scientists are either
ignorant or one step behind the new reali-
ty. Those with long memories can cite pre-
vious omllapses that have been followed
by recoveries. And, in truth, not all col-
lapses are due solely to overtshing: the
sudden crash of Californi a's sardine indus-
try 60 years ago is now thou ght to have
been partly caused by a natural change in
the sea emperature.

Plenty of T gures seem to sipport the
optimists. Degite the exploita tion round
its avasts Britain, for in stance, ill | anded
750,000 tonnes of Atlantic tsh in 2006,
two-third s of what it caught in 1951 even
cod is still being hauled from the north-
east Atlantic, mostly by Norwegians and
Russians. Some Bitish tshing communi-
ties<Fraserburgh, for example<ar e in a
sorry state, but others still prosper: the val-
ue of wet tsh landed in Shetland, for ex-
ample, rose from £2Im in 1996 to £54m
($33m-99m)in 2006. Earnings from tshing
in Alaska, in whose waters about half of
America's atch is taken, rose from less
than $800m in 2002 to nearly $15 hillionin
2007. And for the w orld as a whole, the
catch in 2006 was over 93m tonnes, ac-
cording to the UN's Food and Agriculture
Organisation, compared with j ust 9m in
1950 (see tart on next page). Its value was
almost $90 billion.

The main reason was that tshermen
were still able to exploit their relatively
new ability to Tnd and catch their prey.
Most underwater creatures had little to
fear from man until 1873, when the frst
steam-powered whaling <hips, armed
with explosiv e harpoons, were launched.
Whales were then ruthlessly pursued, sev-
eral species almaost to extinction, until
huntin g was banned in the 1980s.

The steam-powered trawler came next,
in 1881When ttted with an otter tr awl, in-
vented in 18, it enabled tshermen to
haul in six times the catch of a sailin g ship.
Soon came flleting machines, edo-
sounders and sotter planes. Then Clar-
ence Brdseye, an American fur-trapper
turned inventor, developed a system for
freezing fsh. This gave the world the tsh
tnger and launched the factory ship th at
sailed far from home and processed the
catch from huge trawler s on the high seas.

Next came the oold war, whose main
casualty may have been fsh. The technol-
ogy designed by America's O"c e of Naval
Researd developed to tnd the Soviet Un-

ion's submarines and hide NATO's was
soon put to use in the pursuit of h addock,
herring and every other kind of un derwa-
ter prey. After that came satellites and with
them global positionin g systems and ther-
malimages enabling Tshermen to Tnd the
places where warm and cold waters ml-
lide, which is where plankton Fouri sh and
tsh gather. Now an array of t echnology«
acoustic tsh-tnders broad-swathe map-
ping of the seabed, computerised track
plotters and so on<m ake it possible to Tnd
most Tsh bigger than a man's forearm.

There goes that Leviathan

The biggeg ones have been the frst to go.
As a result, in over-exploited waters the
tsh tend to be smaller and younger.
Among those aught in the Pacitc, the av-
erage length of an English sole fell from
about 34am in the 1960s to 30an in 2002, a
Pacitc barracuda from nearly 80cm in the
1950s b 65am in 197Q a bocaccio from over
50cm in the 1970s to nearer 45am in the
1990s. Whereas record-sizd cod 2 metres
long and up to 96kg (21119 in w eight w ere
recorded in M assachusets in the 19th cen-
tury, and an average of 45kg per tsh was
common in li ving memory, a big cod is
now a rarity in the north-w eg Atlantic.
Andwhenthebig tsh are gone, smallerva-
rieties become the new catch. EBhing
downe the food web, as the practice is
known , resulted in the average length of
tsh caught o... the west coast of New-

Bver smaller, ever rarer
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foundland fallin g by a metre betw een1957
and 2000, according to an article by Daniel
Pauly and Reg Watson, of the Uni versity of
British Columbi a's Fsheries Centre, in Sci-
entitc Americanin July 2003.

When stocks of familiar tsh are ex-
hausted in familiar Tshing grounds, man
turns toward s new T sh in new p laces. Dis-
tant-water ships from such countries as
Taiwan , South Korea and Russia have been
ploughing far-fung oceans ever since the
art of freezing tsh became smple. EKlon-
dikerse, huge factory ships from eastern
Europe, garted to turn up in f oreign waters
in the 1990s. S@nish boats, followin g the
tradition s of the medieval Basques tsh all
over the world. Ships from Bulgaria, Chi-
na, Apan, Mexico, Poland and Romania
can all be found far from home.

There they set aout repeating what
they have done in their own w aters. Hav-
ing caught almost all the northern b luetn
tuna in the Mediterranean and many of
the fsh o... other masts, the countries of
the European Union, for example, have ne-
gotiated rights to Tsh in coastal waters o...
wegs Africa. Now stocks of octopus, lob-
sters, tuna and other tsh in thi s part of the
Atlantic are dangerously low, contributing
to the impoverishment of local tshermen.
As a result, many are said to be driven to
such desperate measures as ating bush-
meat from endangered animals and set-
ting sail in open boats in the hope of ille-
gally settlin g in Europe. 1
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Rich-country consumers of Seneglese
shrimp s or Omani lobsters are no doubt
delighted with their entrées Others may
need a little encouragement to buy tsh
hitherto unknown t o them. Many species
are therefore renamed for the retail trade:
bocaccio, a kind of rocktsh, becomes R-
citc red snapper, Patagonian toothfsh be-
comes Chilean, or Australian, sea bass and
dogtsh becomes rock salmon.

Creepin g thin gsinnumerable

In British tsh-and-cip shops pollock and
coley are increasingly used in place of cod,
and in Americ an fast-food outlets Alaska
pollock has become the gaple. Butin 2008
stocks of Alaskan pollock shrank by half,
leaving what is believed to be the world's
larged food T shery poised on the brink of
collapse. This could be a natural fuctua-
tion. So oould the disappearane of chi-
nook salmon from the waters o... @lifor-
nia and Oregon last year; the population
during the pawnin g season was 8% be-
lowits all-time highin 2003.

Most tsh-watchers, however, are un-
easy. They see tbo many signs of overtsh-
ing, and too few of r ecovery. One of the
most recert objects of concern is a gnall,
shrimp-lik e creature called krill , which is
now being tshed in a big way. Krill spend
their days in the depths of the sea, rsing at
nightin w hat they believe to be the safety
of darkness to snack on phytoplankt on. In
fact, they are likely to be hauled out by T sh-
ermen, epecially if the y are in the waters
of An tarctica. Krilldo notend up on p lates
in restaurants, except perhaps in Japan or
Russia, but they are increasingly in de-
mand for their fatty acids, for their en-
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zymes (used in medicine), for feeding to
farmed tsh, egecially to give the tesh of
salmon a pink ap pearance, and for use as
tsh meal. And now a technique has been
developed that enables trawlermento pro-
cess them at sea bebre their enzymes de-
compose. This means ships can day lon ger
away from port and multiply the size of
their annual catch many times.

W hatarethewildw aves saying?

No one thinks krill are y et endangered, but
no one fully understands them. It is
known , however, that many w hales and
seals and penguins live on them. And itis
known th at the plankton they eat cling to
the underside of packed ice, ice that may
start melting as temperatures rise. The fear
is that devastating the krill po pulation will
set in train a series of changes that will af-
fect other creatures.

In most places fsheries policiegdfailed comletely

HE politicians who m ake tsheries poli-
cy may sometimes be excused if they
are oonfused. Knavledge is incomplete,
and natural systems are not necessarily
stable. Paradoxes and surpri ses eound.
An abundance of tsh, for example, is
notalway s a sgn of health in a T shery: the
profusion of one species may simply be a
temporary consequence of the depletion
of its predators. On the other hand, a pro-
fusion of stressed, snaller tsh may actual-
ly be asign of a balanced ecsystem.
Thisis uggesed by observation of p ris-

tine coral reefs in the middle of the Pacitc.
Researches from Saipps who have
looked at those amound Palmyra, an &oll
some 1,600km south of Ha waii w hose ma-
rine environmen t is largely untouched by
man, have been surprised by the large
numbers of such predator tsh as sharks
and groupers; in fact the predators seem b
outnum ber the prey. For Stuart Sandin,
one of the researchersthe profusionw as a
puzzle What are these hig tsh feeding on?

The answer is gnaller tsh. But those
round Palmyra are not merely smaller,
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This is, after all, what is happening in
other places though usually the changes
start at the apex of the food w eb. Typically,
thisis a fsh-eat-t¢ a. .air, with vegetarians
like krill taking their place at the bottom
(phytoplankt on are plants, whereas zo0-
plankton are animals). Thus the relentless
huntin g of big sharks o... the Unied Sates’
Atlantic coast has rendered them unable to
@Rerform their ecosystem role as top pred-
atorse, in the words of Julia Baum of D al-
housie University . The upshotis a huge in-
crease in the numbers of their prey,
notably ray, skate and smaller sharks.
Cowno se ay, whichmay growtobe overa
metre in wi dth, are increasing by about 8%
ayear. With some 40m of them no w look-
ing for food o... the East Coast, the shelltsh
they eat, such as sallops, oysters and
clams, have been devastated.

One lesson hee is that no species
should be tshed to the point w here the
ecosystem is unbalanced. That conclusion
hardly requires the tsh-fed brain of Jeeves.
Another is that, to maintain a balance, big
@Epexe T sh may be as important as snall.
Many Tsh take years before they are ma-
ture enough to spawn: cod, three or four,
sturgeon 20, orange roughy 32. And they
may be long-lived: cod can surviv e to 30, if
they are lucky, and sturgeon to 100. Kill the
tsh at the top and you m ay get an explo-
sion of smaller ones below, gobbling up
much more food than w ould be eaten by a
few big tsh of the same total weight. And
big tsh provide more and better-quality
fry. Take the big and leave the young, a
common principle of tsheries managers
eager to rebuild stocks, may therefore be a
mistake. If so, itis not their only one .7

they are smallerthanthey w ould beifthey
were not hunted. In other words, in a state
of nature, for that is pretty m uch w hat Pal-
myrais, the apex fshes' prey seemsto bein
a permanently stressed condition. Yet the
prey can maintain their numbers by grow-
ing fast, reproducing fast and eating not
justthe nextvictim belowtheminthef ood
web but also algae And these algae would
soon take over and destroy the reef if they
were not being eaten by fsh. So dressed
middle-sized tsh make for both h appy cor-
aland happy predators<in s hort, a healthy 1
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2 and highly productiv e reef. It will r emain
so over time, even recovering from shocks
like the bleaching Ralmyr a experienced in
1998, ifitis not un duly di sturbed.

One lesson therefore is to avoid unbal-
ancing the marine environmen t. The other
isto take along-term view. Neither of these
comes readily to politicians. Unless the
brinyislapping atthe door, which general-
ly takes a hurricane, politicians give little
thoughtto the sea. Their concerns gartand
end with tTshermen, who in most rich
countries are few in n umber but well or-
ganised as lobbyists. And though most
tshermen have a grong interes in the
long-term productivity of the sea, they
also have a short-terminterestin m aximis-
ing their incomes and paying for the very
expensive chips and equipment with
whichthey plunderthe deep.

Unplum b'd, salt, estrangin g sea

Most policymakers' frst response to over-
tshing, if notto deny i t, has been o extend
their country's territori al waters. The (e
sease advocated by Hugo Grotius, a Dutch
jurist, in 1609 never in practice extended
quite to the high-tide mark. But from the
18th century t o the mid-20th, territori al wa-
ters, within w hich foreigners had no rights
except that of (Einnoente passage ended
three milesfrom shore.

In 1945, though, the United Sates unilat-
erally claimedjurisdiction over the natural
resources of its antinental shelf. Other
countries follow ed suit, and some garted
to extend their territori al waters to12 miles.
Chile and Peru soon pushed their limi ts to
200, and other Latin American and Afri-

can countries were not far behin d. By 1958,

Iceland, whose fshing catches were al-
ready dimini shing, extended its limit to 12
miles too, and precipitated the trst of thr ee
@Eod warse with Britain. Claims were
everywher e being asseried, mntested and
copied. Order was needed.

After three conferences mnvened by
the United Nations to draw up a compre-
hensive law of the sea, mastal countries to-
day have territori al waters up to 12 miles
from land in w hich they exercise total con-
trol except for the ri ght of innoc ent pas-
sage For the next 12 miles, ie up to 24 from
the shore, they have fewer rights but may
also control customs, immi gration and t ax-
ation. And up to 200 miles they have an
economic zone with control over various
maritime activi ties and the right to exploit
natural resources under the seabed oroniit,
so long as these are txed and do not move.
This is about to be extended (see arlier ar-
ticle, ESamble for the seabede).

From the poin tof view of T shin coastal
waters, this should have been good news:
instead of belonging to everyone, ie, no
one, they now h ave national owner s with
aclearinteregin their p reservation. As the
evidence of contin ued overtshing shows,
however, most of the owners have yet to
tnd, orimplement, the right policies.

A variety of remedies have been tried,
usually in combination. Thus regulations
have been issued about the size and type
of Tsh to be caught, the mesh of nets to be
used, the rumber of days a month that
boats may go to sea, the permissible
w eight of their catch and so on. In some
countries fshermen are o..ered induce-
ments to give up tshing altogether. Those
that contin ue are, at least in theory, subject
tomonitoringboth atseaandin port. Large
areas are sometimes closed to tshing, to al-
low stocks to recover. Others have been
designated as marine reserves akin to na-
tional parks. And some of the technology
that tshermenuse to Tndtheirpreyis now
used by inspectors to monitor the w here-
abouts of the hunters themselves.

M ost of these measures have helped, as
the recovery of stocks in various places has
shown. Striped bass and North Atlantic
swordtsh have returned along America's
East Coast, for instance Halibut have
made a comeback in Al aska. Haddock, if
not cod, have begun to recover in Georges
Bank o... Maine. And herring come and go
0... the oasts of Swmtland. Those who
doubt the value of government interven-
tion have only to look at the w aters o... So-
malia, a ountry that has been devoid of
any government worth the name since
1991 The ersuing free-for-all has devastat-

Turtles, dolphins, albatrosses not on show

The Economistanuary 3rd 2009

ed the coastal stocks, ruining the liveli-
hoods of local tshermen and encouraging
them, it seens, to take up piracy in stead.
Buttoo often the recovery, ifitcomes, is
partial or temporary. Pressure mounted to
reopen Georges Bank for haddock as soon
as the frst signs of vigour returned, and
limited fshing is now allowed. In some
places round the Channel Islands of
southern Californi a, for in stance, tsh can-
not thrive becuse their habitat<in this in-
stance, the kelp forests<chas been de-
stroyed. Ekewhere the sea mourts, the
hills and mountains that rise up from the
ocean foor but do not break the surface,
have been ruined by smash-and-grab
trawlermen. In many places the rules ae
simply ignored. lllegal fshing thrives,
landings go unmonitored, kippers keep
tw o sets of logbooks, 0"ci als are bribed.
Often agreements are ignored as soon
as they are dgned. Seeral countries
agreed, for instance, to cut Atlantic sword-
tsh catches in 1991 Spain and America did
so, but not others: Japan's catch rose by
70%, Prtugal's by 120% and Ganada's by
200%. Fance, Ireland and ltaly were
among the countries that contin ued to use
large-sale drift ne ts on the high seas after
they w ere banned by the UN in 1991 These
nets, by detnition over 2.5km long, indis-
criminatel y scoop up enormou s quantities
of marine lif e whales, turtles, dolphins,
small tsh of nocommercial value, the lot.
Bycatch was not contned to drift-net-
ting. In commercial ftsheries as a whole,
25% of the atch was discaded in the 1990s.
At the same time the use of Tshing lines as
long as 125km whose thousands of baited
hooks attracted divin g seabirds as well as1
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2 their intended prey, was calculated to be
killin g 40,000 albatrosses a year. Nets of
one kind or another meant to catch Pacitc
yellowtn tuna w ere also killing 400,000
dolphin sayear.

New methods of setting nets have re-
duced the bycatch of dolphin s but not of
other species such as hillfsh, turtles and
sharks. In his book, Efie End of the Linee,
Charles Qover says that, for 15,721 tos of
tuna, fshermen using these dlphin-
friendly methods caught 237 tons of sharks
and rays and 15,500 ons of other fsh.

Sharks provide a particularly unh appy
example of destruction. They have long
been hunted in the M editerranean and are
now close o extinction there, having been
reduced to 3% of their gock 200 years ago,
according to Lenfest Ocean Program, an in-
stitute based in Washington, DC. They
have not been much luckier in North
America. Never quite as addly as polar
bears oraslovable as porpoises sharks be-
came dnister objects of hatred after the
publication of Peter Bendhley's bestseller,

Hawse, in 197 and the success of the Tima
year later. A guilt-ridden Bendhley then be-
came a marine conservationist and a cam-
paigner for sharks in particular, but by that
time many people's latent fears of Great
Whites had turned into open loathing of
all sharks, even the harmless, plankton-
eating basking variety.

Oh, the shark has pretty tns, de ar

Sill, the greater threat to sharks comes not
from game tshermen but from Asian gas-
tronomes whose idea of a treat is shark's-
tn soup. For years sharks were caught
chiety for their tn s; often, indeed, the tns
would be cut 0... and the eeature thrown

back in the w ater alive, there to su..er a
slow death by drowning . Nowadays, with
at least 11 kinds of shark facing extinction

and many more of the 400 s pecies ether
vulnerable or endangered, sharks are
some extent protected. But the value of
their tns, which rivals that of caviar, and
the ease with w hich they can be hidden
from inspections on a tshing-boat keep

An Icelandic success

Amodel vay to catch and keep tsh

CELAND has not quite proved that tsh
can sing, but it has shown they ¢ an con-
tinue to fourish, even when hunted by
their main predator, man. Central to its
policy are the individu al transferable quo-
tas given to each tshing boat for each spe-
cies on the basis of her average catch of
that tsh over a three-year period. This se-
tles the boat's share of the total allowable
catch of th at tsh for the entire country. The
size of this total is announced each year on
the basis of scientitc advice from the inde-
pendent Marine Researd Institute.
Subject to certain conditions, quotas
can be traded among boats. B/catch must
notbe discarded. Instead it must be landed
and recorded as part of th at boat's quota. If
she has exhausted her quota, she must buy
one from another boat, though 20% of a
quota may be carried forward a year, and
5% of the next year's quota can be daimed

in advance. Gadgets carried on all v essels

send elecronic signals to make satellite
monitorin g possible at all times, and each
boat s likely to go to sea with an in spector
aboard twice a year. All catches are rigor-
ously recorded as soon as they are landed
at any of the country's 53 ports or by Ice-

landic o"ci als abroad. So the Marine Re-
search Institute knows exactly how m uch
each boat is catching and w here. It claims
that 95% of the btal is well reported.

Technology helps the fshermen, too.
By looking at the D irectorate of Fisheries'
w ebsite they can see all landings by date
and species and thus work out w hether to
selltheir catch fresh or frozen, and whether
to buy, sell or carry forward quotas. All
quota changes catches and landings are
posted on the internet, enabling every-
body to see whatis going on. The idea is to
let Tshermen be guided by the market.

Boats are not restricted as to when they
can fsh. Limits used to be placed on the
number of days per month a boat could
spend at sea. That led to overtshing. Some
boats now fsh for only three months a
year, after which their quotas are full.

A main objective is to protect spawning
and young fsh. Some gounds are dosed
durin g the pawnin g season (eg, for cod);
others<nur sery areas<are permanently
0... limits. Botbm trawlers are banned
from tshing within the 12-mile limit, and
inspectors can instantly close ary area for
afortnigh t or more if they think iti s being
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the sharkin perpetual danger. Rerhaps 73m
sharks are killed each year for their tn's,
and the number isrising fast. Spain and In-
donesia are among the worst culprits, ac-
cording to the International Union for
Conservation of N ature.

Other tsh are not faring much better.
Eels are fast vanishing from the M editerra-
nean, svordftsh from the Indian Ocean.
The orange roughy, a dow-growing perch
now m arketed as empereur, was virtu ally
tshed outin British w aters soon after traw-
lermen settheir sghtsonitin 19911t seems
all but doomed almo st everywher e except
perhaps round New Zealand. The bluetn
tuna faces Eimpeding extinctione in the
weg Atlantic, according to Carl Satna, of
the Blue Ocean Institute in East Norwich,
New York, an example, he says, of Ehw
managemerntcan goo... tackifthe scientif-
ic part of the process is corrupt ed by short-
term economics and political lobbyinge .

All in all, the politicians charged with
safeguarding the fsheries seem b be fail-
ing. Is nobody getting it right?7

overtshed. In 2007 there were 180 clo-
sures, arecord, largely because of aninfux
ofyoung haddock.

The system is not perfed. In Iceland, as
elsewhere, tshermen and scientists can
disagree and the total allowable catch is
set by a mini ster who sometimes yields to
political pressure Cod is far and away I ce-
land's most valuable tsh, butits gocks are
falling: the tonnage caught since the 1990s
has been aout 200,000 a year, compared
with about 400,000 in the 1960s The
mean weight of fsh caught is also drop-
ping, which worries the researd institute
greatly, though the biomass of spawning
stock has increased dightly since 1985.

Newcomers to the industry Tnd it hard
to buy the licences and quotas they need to
start tshing. As a result, the number of
boats is falling. Yet Iceland no longer suf-
fers from overcapacity, and the catch per
boat is increasing. Ownership , however, is
growin g more concentrated.

Most of | celand's Tsh are caught wi thin
its 200-mile exclusive emnomic zone. Few
foreign boats are allowed in these waters,
and none can buy Icelanders' quotas. But
Iceland has aninterestin T shwhose gocks1
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2 may live partly wi thin and partly outside
its limits, or may migrate; and many of i ts
boats also fsh outside their own w aters,
mostly in the north-e ast Atlantic. Three in-
ternational agreements govern tshing in
these sas, all managed by the North-East
Atlantic Fisheries Commission, based in
London. One concerns herring, sgned by
Iceland, Norway, Faroe, Russia and the EU.
The other tw o, with f ewer signatories, con-
trol blue whitin g and mackerel. All seem to
work well, though illegal Tshing, mostly
by ships sailin g under frequently changed
tags of convenience, remains a problem.

Iceland o..ers lessons for other coun-
tries. The essential elements of its policies
are to give tshermenrights thato...er aea-
sonable expectation of proftable long-
term tshing by encouraging the conserva-
tion of stocks. The ystem is dear, open
and fairly simple, and it is well polic ed. It
thus enjoy s the resped of T shermen. And
it is based, aucially, upon scientists' as-
sessment of stocks, not politicians' calcu-
lations of electoral advantage.

A trou tin the milk

This mntrasts with the common 1 sheries
policy of the EU, whose members' 88,000
boats together catch about 5m tonnes of
tsh ayear. This puts theEUsecond only t o
Chinaas a tshing power. For years, the un-
ion has amultaneously discouraged and
promoted fshing, even as gocks have de-
clined. Overtshing has intensited and the
overcapacity of the feet a few y ears ago
rose © the point w here the number of
boats was almost twice the number need-
ed for a sustainable harvest. TheEUhas of-
fered inducements to those who gave up
tshing even as it provided subsidies for
such objectives as the Emodersgtione of

national feets. Modernisation aid suppos-
edly ended in 2005, but the union's T sher-
ies fund, which supports everythin g from

aquaculture and sustainable development

to the Edjustmente of the feet, is set b
spend ©4.3 billion in 200 7-B. Sgin, the
most voracious piscivore and the biggest
recipient of aid, willg et= 1.8 hillion .

The EUs tsheries policy has long been
notorious for its dedructiveness, epito-
mised by the practice it either mandates or
encourages of chuckin g back dead tsh that
are notbig enough or notv aluable enough,
or just the wrong sort. It is a main reason
that Iceland and Norway, two countries se-
rious about the sea, have not joined the
club. list over a year ago the EUs own
Court of A uditor s drew attention to some
of the reasons the policy is so disastrous.
The extent of cheating (by Tshermen) and

lyin g (often by national governments) was
so great that no one really knew the size of
the total catch. The states themselves were
meant to police the system, but o..enders
were sedom caught and those who were
usually received little or no p unishment.
Few countries came out well. O... the e-
cord, o°ci alsdescibed Poland as (Eade, It-
aly &eally bade, Spain notoriou s for hiding
tsh and using illegal nets, Sotland not
much better. No wonder the EUs gstocks
are 88% overtshed, as the European Com-
mission itself now a dmits.

In few EUcountries is tshing ecmnomi-
cally crucial. Nowher e does it account for
even1% of GDP, and as a source of employ-

The whole country's watching

ment its importance is only local, though
often that is in places where other jobs are
scarce The upshot is that Tshermen exer-
cise geat w eight as a lobby. The hardship
of their job e arns them some public sym-
pathy, thoughlife ont oday's trawlers, high-
tech vesseb ftted out with all mod ¢ ons, is
very di..erent from that on the boats of a
few decades ago. And they can be ruthless
in pressing their case as siown by their
frequent demonstrations, such as those in
Brussels last June. On that occasion, the
Tshermen wanted subsidies for their fuel,
though they already getthe stu... ax-free.
In Joe Bopg, the EU does now have a
tsheries commissioner who is serious
about conservation, but the basic faws in
the system remain. Science is dsdained.
The sciertists' proposals that precede the
annual allocation of q uotas are outinely
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expanded, frst by the commission and
then by the mini sters. They often end up
50% higher than recommended, and are
then usually disregaided by rapacious fsh-
ermen. As in most EUmeetings, the minis-
ters all speak for the same lobby, in this
case the tshermen. No mini ster is present
to represert the taxpayer, the consumer or
the environment , let alone the tsh.
Adding to the s@andal is the way that
Europeans, having largely destroy ed their
own T sheries are now settin g aboutthose
of others. The cry for subsidised fuel arises
largely because Ruropean boats must tra-
vel ever farther to tnd tsh (as a general
rule, it takes nearly half a tonne of f uel to
catch one tonne of 1 sh). Not content wi th
the high seas, the EUnow h as deals to Eac-
cess wrplu s tshresourcese inthe water s of
about 15 anall countries from Cape Verde
to Micronesia and the Solomon Islands,
via Madagasa@r and the Comoros. Rundits
are dispatched regularly to lecture the lo-
cals about responsible tshing. Out to the
wedg of the M aldives, however, to take but
one example, Fench and Spanish boats
can be seen diagging purse-seine negs up
to amile long in p ursuit of tun a, and at the
same time indiscriminately scooping up
turtles, dolphins and other creatures,
many endangered, many doomed to die .

Fishin g upthe mo on

Europe oould surely learn from Iceland,
buthowwi dely could Iceland's policies be
copied? In most of the few p laces that en-
joy a good reputation for looking af ter
their tsheriescincludin g Alaska, New Zea-
land, Norway and Namibia<tshin gise®-
nomically or socially import ant. For Ice-
land it provi des somel25% of GDPand 7%
of employment. In many poor countries,
howev er much they may depend on the
seas for protein, conservation takes seond
place to hunger<or un wise international
tshing agreements sometimes @rruptly
negotiated. In some rich countries, such as
Jpan and Spain, demand for tsh is vastly
greater than local supply, encouraging tsh-
ermen to pillage the world's seas. And in
many rich countries Tshing communities,
though hardly populous, exert concentrat-
ed lobbyin g power that overwhelm s the
di...wse interests of the majority.

In Europe, it is tempting to argue that
country A will ne ver behave responsibly
in the waters of country B, and so the idea
of a common policy that allows all 27
members, even landlocked ones, the right
to tsh in each other's seas is a recipe for
devastation. Yet overtshing did not begin
with the EUs common policy, and evenl
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2 Icelanders would overexploi t their w aters
if notrestrained.

The solution for Europe, and for other
places lies in a policy with | celandic fea-
tures: transferable quotas for all commer-
cial species each with a total allowable
catch; strict enforcement of the rules and
open access to all relevant information
about landings and so on; se/ere punish-
ment for malefactors, includin g Tnes, the
suspension of lic ences the contscation of
tackle and even imprisonment, as in Ice-
land. Itis also essential to have good scien-
titcinformation, and to respedit.

Scientists, however, do not have a mo-
nopoly of wi sdom about the sea, and no
system will w ork well if it e xcludes the
knowledg e of Tshermen, ignores their ec-
nomic w ell-being or depends on the fear
of sanctions to obtain their co-operation.
The trick is to persuade them that their
long-term interest, which coincides with
that of the tsh, trumps their short-term
one, which is to extract the last minnow as
quickly as possible.

Property rights are nearly alway s au-
cial in this. The tragedy of the sea is the
tragedy of the commons, whichisthatany-
one with ac cess to a common resource has
an interest in over-exploitin g it because if
he does not, someone else will. The high
seas which remain common, though sub-
ject to the UN Convention on the Law of
the Se's injunction to conserve their GEli-
ing resourcese, presert the bigged di"c ul-
ties. That is why the outlook for the b ig,
slow-growin g creatures of the deep, some
ofw hich travel long distances is so beak.

Most tsh, however, live fairly close
land, which is w here they can, if the poli ti-
cal determination exists, be assigned to the
ownership of people with an intereg in
both exploitin g and preserving them for a

I On their way out
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very long time, if not eternity. That this is

so has been srown by C hristop her Costel-
lo, an emnomist at the University of C ali-

fornia, Sarta Barbara, and his mlleagues,
inastudy of o ver11000 tsheries. Inthe121
with ownership-share systems, he report-

ed in Sciencelast Sepgember, the rates of

collapse were dgnitcantly lower than in

the others. That may not reveal much

about the rates of recovery, but wi th fewer

collapses, recoveries would become less

necessary Assigning ownership rights to

locals has also proved a successtil w ay of

preserving coral reefs.

Such rights can be aeated by govern-
ment tat in territori al waters, but George
Sugihara, a sciertist at Saipp s who spent
fve years as an investment banker, be-
lieves they can, and will , be aeated in a

SKline solutions

The sea needsseach, management, progdgr

rights<and political action

ST too late to save the sea? The solutions

to some of its problems are fairly clear,
even if it requires political courage to put
them in place; overtshing is an example.
Others are more uncertain. No one fully
understands oral reefs«whe ther corals
expel or are desertd by the single-cell al-
gae that live within their pol yps' tissues,
for instancecstill less what will h appen to
any given easystem if somethin g is taken

out of it. M uch more researd is needed in
several disciplines. Many mor e voyages of
discovery are also needed, epecially in
the vast expanses of the southern seas that
remain relatively unexplored.

To ask whether the sea can be sved
may, however, be to pose the wrong ques-
tion. Itis not going to disappear: rather the
opposite. But that does not mean it is safe,
nor even thatit can strictly be saved, in the
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more evolution ary way. He likes to com-
pare tsheries to banking, both parts of es-
sentially unstable ewmsystems whose
workings are only partially un derstood. In
both, there is a need to manage risk and
uncertainty, eecially since the periodic
upheavals can be profoun d. In both, peo-
ple are tempted to look at the parts rather
than the entire emsystem«Georg es Bank
in tshing, says Dr Sugihara, Deutsche Bank
inbanking. Yetthe contextis import ant.

Fisheries di..er from banking, though,
in that the markets for Tsh are unsophisti-
cated, lacking both futures and option s. In-
deed, 1sh is the only wi dely traded com-
modity that has no derivativ es market. Yet
derivatives ould be devised that would
promote sustainability. Pollution credits,
for example, could be traded if T shermen
had transferable quotas. At present, if too
many turtles are inadvertently caught in
Hawaiian waters, the entire fshery is
closed down. Alloc ate aredits for the total
acceptable number, and they could be
traded. Forwar d credits could be useful in
the squid business. If a fsherman sold the
squid processors a proportion of hi s ex-
pected catch a year ahead and squid
turned out to be plentiful , he would do
well. If they w ere sarce, he uld sell his
contractand turn in stead to sardines or an-
chovies. Thiswould prevent overtshing of
squid. The processors believes Dr Sugih-
ara, would get a clear, open market, prefer-
able to the opaque system that operates in
most places at presern.

With a new market, new regulations
would follow. In time, the idea would
spread. Thus the price fuctuations that
come wi th boom and b ust, and encourage
overtshing, would be smoothed out. The
fundamental problem, Dr Sugihara argues,
isthe management of ri sk. 7

sense of returned to some pristine pre-
industrial state, not at least for thou sands
of years. It is gping to be changed, mme
what may, and the questions are more
abouthow i twill be c hanged and how m a-
rine and other life willa dapt.

Again, many of the answers are un-
clear. Will calcium-carbonate-shelled crea-
tures adjust or die as the ocean grows less
alkaline? Will hurricanes gow more or 1
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2 lessintense & the seas grow w armer? Will
changes in the circulation of the depths
warm and destabili se the hydrates on the
seabed, releasing quantities of greenhouse
gases fom their deep-sea prisons?

Some people are inclined to dismiss
such questions as abrmist. The sea b vast.
Ithas alimitless capacity to absorb and ad-
just, they say. Man cannot a..ord to devote
huge quantities of energy and money to
changing his ways smply to assuage gen-
eral worries about uncertain possibilities.
And the exact contribution s of man and
nature to the changes taking place are
surely unknown, even if it is accepted that
man is making natural cycles more pro-
nounced. Moreover, human ingenuity can
be relied on to come to the rescue carbon
can be captured, green fuels will become
economic, the sea tself can be engineered
to absorb all man-made CO..

Well, maybe, Mr Micawber. But if not ,
the costs auld be great. Indeed, even con-
tinuin g on the current course will be ex-
pensive. In the lifetime of people already
born, vast amounts will h ave to be gpent

on protection fromrising sea levels. The al-

ternative will be to abandon many large
cities; Kolkata (Calcutta) is probably the
most vulner able to the incomin g tides, but
New York's subway system would be
fooded wi th a rise of only 80c m. At least
part of the costs of clearing up after storms
like the ones that struck New O rleans and
Mumbai in 2005, Bangladesh in 2007 and
Myanm ar in 2008 should probably be put
downtow arming seas.

Isitfory outoravage seasand land?

As for Tshing, it needs to be bdter man-
aged to take advantage of the huge oppor-
tunities for feeding a giowin g world. Fsh
are already the main animal p rotein for
overlhillion peo ple and provi de the liveli-
hood for 200m people, 90% of them in
poor countries. Developin g $ates annot
a...od to ruin their T sheries the way that
richer countries have. In Californi a, where
sardines, mackerel and tuna were once the
staples of the ftshing industry, three of the
tve most valuable catches are no longer
tsh butsquid, crabs and sea urcchins.

If nothing el se, the risks of continuing
on current paths need to be recognised and
then managed. It will t ake time to answer
the big questions: why so many changes
are happening so fast; whether abrupt, ex-
treme events like cyclones and ice melts
will le ad to a cascade of other events; how
cause and e.ed interact in complex eco-
systems where small changes may be syn-
ergistically amplited.

Ataste of things to come

In the meantime some practical mea-
sures must be taken. Above all, it has be-
come plain that the absence of ownership
does not make for good managemert. The
sea needs owners, and where that is im-
possible it needs internation al agreements
for regulation, management and policin g.
Peru, whose andoveta tshery is the larg-
est in the world, is coming round to a
rights-based approach to fshing, as ae
some African and South-Eag Asian gov-
ernments. Gountries such as China, India
and South Africa are bemmin g increasing-
ly interested in safeguarding marine re-
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sources. And organisations such as the
Pew Oceans Commission are producing
excellent policy recommendations.

But more international co-operation is
needed and the EU, with 68,000km of
coast and an unseeml appetite for the
world's fsh, needs to take conservation
much more seriously. The UN Convention
on the Law of the Sea can provi de a frame-
work. America should ratify it as soon as
possible, and then help mo bili se a ®nsen-
sus to take care of the 71% of the planet cov-
ered by water. The risks of doing nothing
are justtoo frightening. 7
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