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EDITORIAL

*

Genetics, genomics:
where to from here?

When  h is new born  son was rushed  to intensive care w ith  b reath ing  problem s in  1999, A m erican Jonathan R othberg 
feared a genetic disease m igh t be the cause. It w asn’t and his son recovered bu t, w hile w aiting anxiously for the 
diagnosis, D r R othberg had  a brainwave: he w ould develop a portable m achine able to screen a person’s genom e in 
ju s t a few hours -  or even m inutes.

H e isn’t there  yet b u t h is p rin te r-s ized  device can  nevertheless sequence  the genom e o f a b ac te riu m  or v iru s in  
reco rd  tim e. T hat is already  a leap forw ard , w h en  you  consider how  m an y  days it takes to  cultu re  bacteria . Im agine h ow  m u ch  faster 
you could  iden tify  the cause of an  epidem ic, if  you  could  sequence the m icroscopic  suspect’s genom e in  ju s t a few  hours.

N ex t-g en e ra tio n  genom ics offers exciting  possib ilities for m ed ic ine  b u t also for ag ricu ltu re  -  and  for c rim ina ls  o r te rro ris ts , if  the 
techno logy  fell in to  the w rong  hands. T hose h an d s m ig h t even be w ell-in ten tioned  b u t ig n o ran t o f the dangers o f experim en ting  w ith  
D N A  sequencing  or w ith  assem bling  genes to custom ize n ew  organism s, w hat is k n o w n  as syn thetic  biology. T hese new  organ ism s 
could  escape from  a backyard  garage in to  the env ironm en t, w here they  could  con tam ina te  o ther species -  the stu ff h o rro r m ovies are 
m ade  of. Each new  techno logy  poses eth ical challenges.

U N E SC O ’s In ternational B ioethics C om m ittee  (IBC) p lans to enhance co llaboration  nex t year w ith  its sister C om m ission  on  the Ethics 
o f Science and  Technology, in  o rder to reflect on  overarching topics, such  as the risks associated w ith  syn thetic  b io logy and  converging 
technologies, w hich  b len d  nano techno log ies , b io technolog ies and  ICTs -  as in  the case o f nex t-genera tion  genetic screen ing  devices.

T here are also questions of access. W ill genetic screen ing  be  too  costly for the poor, for instance? As the C hair said  w h en  the IBC m et 
in  June,’ the issue o f financial gain  from  the h u m an  genom e is a loom ing  conflic t be tw een  in te llectual p ro p e rty  righ ts and  the rig h t o f 
every  h u m a n  being  to  have access to quality  hea lth  care’.

All th ree in te rn a tio n a l declarations o n  b ioeth ics adop ted  by  U N E SC O  since 1997 reaffirm  the sam e overrid ing  principle: respect for 
h u m a n  dignity. T he IB C  is cu rren tly  p u ttin g  together po licy  reco m m en d a tio n s  for p ro h ib itin g  the com m ercia l exp lo ita tion  o f the 
h u m a n  body, inc lud ing  via o rgan  trafficking or the sale o f b iobanks.

U N E SC O ’s involvem ent in  the b io logical sciences dates b ack  m u ch  fa r th e r th a n  the 1990s, o f course. By an tic ipating  the revo lu tion  
in  app lied  m icrob io logy  in  the 1970s th a t follow ed the d iscovery  o f the m olecu lar s tru c tu re  o f D N A  in  1953, U N E SC O ’s b io logical 
sciences p rogram m e was w ell-prepared for the em ergence o f genetic engineering. As early as 1962, UNESCO  launched  the In ternational 
Cell R esearch O rganization . The M olecu lar and  Cell Biology N etw ork  follow ed in  1990, the first cen tre  o f its k in d  to fu n c tio n  u nder 
the auspices o f U N ESC O  after becom ing  an  N G O  in  2002. In  the early 1980s, U N ESC O  th rew  its su p p o rt b eh in d  the fledgling H um an  
G enom e Project, w hich  w ou ld  haii the b ir th  o f genom ics. Today, U N E SC O ’s In ternational Basic Sciences P rogram m e is su p po rting  the 
successor to  the H u m an  G enom e Project, the H u m an  V arióm e Project, w hich  is m app ing  genetic varia tion  in  the h u m a n  p o p u la tion  
to im prove diagnostics.

Last June, U N ESC O  celebrated  these th ree m ilestones by  hosting  an  event in  Paris on  Sixty Years o f D N A , from  the D ouble H elix to 
the H u m an  V arióm e, th ro u g h  the H u m an  G enom e. We retrace th is ex trao rd in a ry  jo u rn ey  in  the article beg in n in g  overleaf.

Gretchen Kalonji 
A ssistan t Director-General fo r  N atural Sciences
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In F ebruary th is  year , A m erican  a c tr ess  A n g e lin a  J o lie  ■  Tobacco field  in Cuba. The first genetically modified
d e c id e d  t o  h a v e  b o th  b r e a s ts  r e m o v e d  a fte r  g e n e t ic  I  plant was a herbicide-resistant strain o f tobacco,
screen ing  sh o w e d  th a t sh e  carried a rare m utation  in a g e n e  |  developed in 1983.
(BRCA1) w hich  greatly  increases her ch an ces o f  d ev e lo p in g
b reast cancer.1 In July, Connor Levy w a s born in Philadelphia (USA) a fter  his em bryo w a s  ch osen  from  a batch o f  
13 created by in vitro fertilization . DNA screening o f  his en tire g en o m e  had sh o w n  he had a healthy  ch rom osom e  
structure, unlike several o f  his rivals.

T h ese are ju st a f e w  ex a m p les  o f  h o w  g e n e tic  and gen om ic  
te c h n o lo g ie s  are b eg in n in g  to  encroach on  our private lives, 
a fter  rev o lu tio n iz in g  th e  p ractice o f  m ed ic in e , agricu lture, 
crim inal in v e s t ig a t io n , in su ran ce and  e v e n  p a la e o n to lo g y .
T h ese  d e v e lo p m e n ts  all s tem  from  a d isco v e ry  m a d e  ju st  
60 y ea rs ago : th e  m olecu lar stru ctu re o f  d eo x y r ib o n u c le ic  
acid (DNA).

This y e a r  m arks n o t  o n ly  t h e  6 0 th  a n n iv e r sa r y  o f  th is  
m o m e n to u s  d isc o v e r y  b u t a lso  t h e  te n th  a n n iv e rsa r y  o f  
t h e  first c o m p le te  d escr ip tio n  o f  th e  hum an g e n e t ic  co d e  
(h u m a n  g e n o m e ) .  T o g e th e r  w ith  t h e  H u m an  V a rió m e  
P roject, w h ich  is n o w  c a ta lo g u in g  t h e  v a r ie ty  o f  h um an  
g e n e t ic  m u ta tio n s  w o r ld w id e  t o  im p ro v e  d ia g n o s is  and  
tre a tm en t, UNESCO ce leb ra ted  th e s e  tw in  an n iversaries on  
10 June w ith  an in tern ation a l co n feren ce  and ex h ib itio n  at 
its Paris h ead q u arters. The e v e n t  ce leb ra ted  S ix ty  Years o f  
DNA, from  th e  D ouble Helix to  th e  Human Varióm e, through  
th e  Human G enom e. I  Angelina Jolie in 2010

M ea n w h ile , p e o p le  in Europe and N orth A m erica are u sin g  m uch th e  sa m e  te c h n o lo g y  t o  trace  th e ir  roots, 
like th e  A m erican rapper Q-Tip, w h o se  fam ily  w a s  d eracin ated  from  Africa by th e  s la v e  trad e 300 years a g o .  
'K now  w h o  you  are! D efin e a se n se  o f  cultural id en tity  for you  and you r kids!' proclaim s o n e  w e b s ite  o fferin g  
th e  service. A lth ou gh  its accuracy is so m etim es ex a g g e ra ted ,
DNA an a lysis  has m ade it p o ssib le  to  trace all 10 000  South  
A frican  carriers o f  th e  g e n e  fo r  a sk in  d ise a s e , v a r ie g a te  
porp h yria , back to  ju s t  o n e  co u p le  o f  D utch im m igran ts,
Gerrit Jansz van D even ter and A driaantje Jacobs, w h o  se ttled  
in Cape Town in 1688.

4  ■ A W orld o f SCIENCE, Vol. 11, No. 4 October-December 2013

Ph
ot

o:
 G

ag
e 

Sk
id

m
or

e/
W

ik
ip

ed
ia

 
C

om
m

on
s



Peas, fru it flies and the birth 
of molecular biology

Given the pervasiveness o f the applications o f genetics and 
m olecu lar b io logy today, it is h a rd  to believe th a t the term  
‘genetics’ was coined only a cen tury  ago, in  1905, and the term  
‘gene’ four years later. For hundreds, even thousands, o f years 
before the discovery o f the structure of the DNA molecule and 
the birth of genetic engineering, farmers had been cross-breeding 
plants and  anim als to p roduce varieties th a t m et the criteria 
they w ere looking for: juicy apples, hardy  strains o f rice, sweet 
grapes, productive hens, pigs and cow s... b u t it was a h it-and- 
m iss process, based only on the appearance of the species (the 
phenotype) or its products, w ith  no real understanding of how  
the inheritance process worked.

It was n o t un til 1866, w hen  G regor M endel, a m o n k  living 
in  the A ustro-H ungarian  Em pire, published the results o f his 
E xperim ents on P lant H ybridization  th a t we learned  th a t the 
inheritance of traits follows simple statistical rules and, in theory, 
is entirely predictable. M endel’s systematic studies of the garden 
pea earned h im  the title of the ‘Father of m odern  genetics’.

In the first decade o f the 20th century, in the USA, Thom as
H. M organ b u ilt on M endel’s w ork , th is tim e studying  eye 
colour in  the fru it fly Drosophila melanogaster, w hich has large 
chrom osom es that are easy to see under a m icroscope. A dding 
to the fly’s appeal is the fact that it takes only a week for a new  
generation  to hatch , enabling  statistical data to be gathered  
quickly. In  1910, M organ showed tha t it is the chrom osom es, 
w hich divide and recom bine inside the nucleus of a cell during 
replication, w hich carry genetic inform ation. It w ould be another 
43 years, however, before we began to understand how  such tiny 
molecules could store and transm it all the inform ation needed 
to make an organism.

In the early 20th century, biology was still very m uch based on 
w hole organism s or cells that could be studied w ith  the naked 
eye or u nder an optical m icroscope. M eanw hile, physics and 
chem istry  w ere undergoing revolu tionary  developm ents as it 
becam e clear that all m atter -  b o th  living and inanim ate -  was 
m ade up o f atom s and  subatom ic particles like electrons and 
protons.

W ith the discovery of X-ray crystallography in 1912 by father- 
and-son  team  W illiam  H enry  and W illiam  Lawrence Bragg, it 
becam e possible to observe and study the s tructu re  o f w hole 
molecules: com binations of atom s bonded  together to form  the 
smallest units that can take part in a chemical reaction.

It w ould still be a while, however, before scientists discovered 
th a t m olecules o f D NA  w ere the b u ild ing  blocks o f all life. 
W hen that happened, a bridge would finally be throw n between 
physics, chem istry and biology, laying the foundations for a new 
discipline, m olecular biology, w hich w ould  transfo rm  alm ost 
every aspect of hum an life on Earth.

The secret of life

In 1910, chrom osom es had 
been  iden tified  as be ing  
the structures w ithin the 
cell nucleus w hich carry 
inherited traits. Thanks 
to experim ents carried 
ou t by O swald Avery,
C olin  M acL eod and  
M a c ly n  M c C a r ty  
a t th e  R o ck e fe lle r
In s t i tu te  (U S A ), it  
had  also becom e clear 
by  1951 th a t , w ith in  
ch rom osom es, the key 
m o lecu les  to focus on 
w ere nucleic acids, ra th e r 
th an  p ro te in s as p reviously  
thought. The chemical building 
blocks of nucleic acids were know n

Photo 51 showing that 
the structure o f D NA is a 
double helix. I t was this 
image obtained by Rosalind 
Franklin which enabled 
Crick and Watson to 
complete their D NA model.

^  The original D NA demonstration model, built
by Watson and Crick in 1953.

by this time: adenine (A), thym ine (T), 
guanine (G) and cytosine (C).

E rw in  C hargaff at C olum bia U niversity  (USA) h ad  also 
recently discovered that, although the p roportion  of these bases 
was no t constant in the DNA molecule, the ratio o f the purines 
(A and G) to pyrim idines (T and C) was always roughly 1 to 1. 
This gave vital clues as to the way in which the components of the 
molecule were arranged. But how DNA could carry and transm it 
genetic inform ation rem ained a mystery.

This break through  came after a race betw een three team s of 
scientists: British biophysicist Francis C rick and his A m erican 
colleague, James Watson, working at the Cavendish laboratory in 
Cambridge (UK); Nobel laureate Linus Pauling at the California 
In s titu te  o f T echnology  (USA) and; M aurice  W ilk ins and  
Rosalind Franklin at Kings College in London. Ironically, it was a 
photograph of the DNA molecule (called Photo 51) taken in 1952 
by Franklin, a gifted X -ray crystallographer, w hich gave Watson 
and Crick the final piece o f the puzzle. The photo enabled them  
to conclude that DNA was m ade of two intertw ined strands, in 
the form  of a double helix.

A W orld o f SCIENCE, Vol. 11, No. 4 October-December 2013 ■ 5
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O n 28 February 1953, Crick walked into a pub near their lab in 
Cam bridge and announced ‘Gentlem en, we have discovered the 
secret of life!’The discovery was published in  the journal N ature 
on 25 A pril 1953, alongside papers from  W ilkins and Franklin 
supporting  the m odel, and earned W atson, C rick and W ilkins 
the N obel Prize for Physiology or M edicine in 1962. Rosalind 
Franklin  could no t be nom inated , as she had died of cancer in 
1958 at the age of 37, possibly as a result of prolonged exposure 
to X-rays.

Two big questions rem ained unansw ered, however: how  was 
the genetic inform ation encoded in  the DNA and how  was that 
code translated into the proteins w hich form  the building blocks 
o f all living organisms? Building on a series of recent discoveries, 
a French scientist, François Jacob, and Sidney Brenner from South 
Africa showed, in  1961, that it is another nucleic acid, ribonucleic 
acid (RNA), which carries the genetic information, w ithin the cell, 
from  the nucleus to the cytoplasm, where amino acids (chemical 
com pounds) are arranged in to  proteins. S trands o f RNA are 
form ed as a m irror image of specific parts of the DNA and serve 
as a template for the order of amino acids form ing each protein.

It was to be ano ther five years before the genetic code was 
finally cracked. In 1966, M arshall N irenberg at the US N ational 
Institutes o f H ealth  m anaged to prove experim entally that, for 
all 20 know n am ino acids, the functional units o f the genetic 
code, know n as codons’, were, in  fact triplets, w ith 64 (4 x 4 x 4) 
possible perm utations of three bases. The DNA codon for glycine 
tu rned  out to be GGT, GGC, GGA, GGG, for instance, and that 
for lysine AAA, AAG. T hus, ju s t 64 perm uta tions sufficed to 
code all 20 am ino acids.

(SI

l-.rm#
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pH  I “ Pam ini
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In the past 20 years, the number o f people with diabetes 
worldwide has risen from  30 million to 230 million. Until 
synthetic (hum an) insulin became available in the late 1970s, 
people with diabetes were given anim al insulin. Now, you can 
clone hum an insulin and even take insulin from  the patient.

Scissors, designer genes... 
and freaks

A crucial next step in our understanding of genetic coding was 
the discovery of genetic ‘scissors’. W orking at the Johns Hopkins 
U niversity in  1970 and build ing on the research carried out by 
W erner A rber in Geneva in 1968, H am ilton Sm ith isolated the 
first ‘restric tion  enzym e’, endonuclease R, from  the bacte rium  
H ameofllus influenza. He show ed tha t the enzym e cuts DNA 
strands at specific sites and can be used as ‘m olecular scissors’ 
to break and recom bine DNA molecules precisely, thus allowing 
scientists to m anipulate specific strands o f DNA as needed.

It was a fu rth er sho rt step for Paul Berg and his colleagues 
at S tanford U niversity  (USA) to create the first recom binan t 
DNA molecule (rDNA) in  1972. As the genetic code is universal 
for all living organism s, b its o f D NA  can be taken from  one 
organism  and spliced into the genom e of another. The genes are 
usually in troduced  into the recipient organism  via an artificial 
chrom osom e or virus, which serves as the carrier (vector). This 
m akes it possible to create new  D NA  sequences -  even new  
organisms w ith novel traits.

Indeed, this is precisely how  scientists genetically engineered’ 
a com m on b ac te riu m , Escherichia coli, to p ro d u ce  h u m an  
insulin , first used to contro l diabetes in  1977. O ther bacteria 
have sim ilarly been m odified  to produce grow th horm one, in 
order to treat dwarfism, or blood-clotting agents for haem ophilia 
sufferers.

T h e  d is c o v e ry  o f  rD N A  te c h n o lo g y  p ro v e d  m o s t 
tim ely. Up u n til its genetica lly  eng inee red  equ iva len t was 
com m ercialized in 1985, grow th horm one had  to be extracted 
from  hum an  cadavers, or pigs. In the late 1980s, a crisis erupted, 
particularly  in the UK, w hen it em erged that the agent causing a 
degenerative brain  disease, Creutzfeld-Jacob disease, was being 
passed on to patients receiving grow th horm one derived from

Each living cell contains chromosomes form ed by proteins 
and nucleic acids, including deoxyribonucleic acid (DNA).
D NA has a deceptively simple composition, as shown in this image. 
Each persons genetic code is expressed in three-letter combinations 
o f the four chemical (nucleotide) bases: adenine (A), thymine (T), 
guanine (G) and cytosine (C). A ny  change in one o f the bases may 
cause a genetic mutation. For example, when GAG is misspelled 
GTP in the haemoglobin gene, the carrier is at risk o f inheriting 
sickle-cell disease.

Aden ine

Cytosine

Sugar  and  
p ho sph a t e  
backbone

Base pair

Thymine

Guan ine
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hum an  cadavers tha t had  n o t been purified  properly. The use 
o f genetically  eng ineered  horm ones p u t a stop to this, w hile 
overcoming the unpredictability of a supply chain that depended 
on hum an cadavers.

B erg’s d iscovery  paved the w ay to the developm ent o f a 
n u m b er o f genetically m odified  organism s (G M O s) over the 
com ing decades w hich have becom e big business. The first of 
these transgenic p lants -  w here a gene from  one organism  is 
added to another -  was a herbicide-resistant strain  of tobacco, 
developed in 1983. It was also the first GM plant to be tested in 
field trials, in  France and the USA, in  1986.

O thers include drought-resistant strains o f maize, golden’rice 
that produces V itam in A to help overcome dietary  deficiencies 
and plants that produce toxins targeted at specific insect pests or 
viruses. Bt cotton, for instance, has been engineered to produce 
a n a tu ra l in sectic ide by in serting  genes in  its genom e from  
Bacillus thuringiensis (Bt), a bacterium  which naturally produces 
a chemical harm ful to the larvae of m oths and butterflies, flies 
and beetles.

For some, this ability to design new  organism s,2 or to m odify 
plants and anim als to suit a hum an need, is seen as the answer to 
a growing global food shortage and a way to lim it the disastrous 
econom ic effects of crop failure in developing countries. But it 
has also set alarm  bells ringing in  the m inds of the public; some 
fear tha t scientists are ‘playing at G od’ and  unleashing ‘freaks’ 
that will spin out of control. Stories in the m edia of cats that glow 
in the dark, featherless chickens and m uscular mice -  all genuine 
examples -  help fuel these fears.

The reaction against GM crops has been particularly  m arked 
in  E urope. L egitim ate concerns, such  as the risks o f cross­
po llination  betw een GM  and  n a tu ra l crops, the em ergence of 
new  sources of allergies (allergens) or a reduction in  biodiversity 
have been  confused  w ith  u n founded  fears o f the unknow n. 
In  2009, a p ro testo r destroyed  an experim en ta l v ineyard  in 
C olm ar (France) that had  GM vines grafted onto the rootstock. 
The same vineyard was attacked again in  2010. GM crops have 
also been  destroyed in  several o th er coun tries, includ ing  an 
attack  in Flungary this year. Today, ro u nd -the-c lock  security  
guards patro l an experim ental field of GM  potatoes belonging 
to the University o f Leeds (UK).

I The State o f Andhra Pradesh is the biggest cidtivator o fB t 
cotton in India. Three varieties o f Monsanto's B t cotton were 
banned from  cultivation in the State in 2005, three years after 
being introduced, after they failed to control the p lants main 
enemy, the larva o f the bollworm moth.

Even though  the European U nion approved 18 GM  crops in 
1997, it then w ent on to introduce an unofficial m oratorium  the 
following year w hich leaves it up to M em ber States to decide 
w hether or no t to ban GM im ports. In 2003, the European Union 
im posed strict rules on the labelling o f products containing even 
small traces (less than 0.9%) o f GM ingredients.

W hereas these controls have been relaxed in  recent years in 
E urope, regulations in  the USA have always been  m uch  less 
stringent. Today, some 85% of US maize comes from  GM crops 
and  there are few  requ irem en ts to label p roduc ts  w ith  GM 
ingredients. Transgenic crops have been approved in the USA 
since 1994, w hen  C algene, a US com pany ru n  by scientists, 
gained federal approval to m arket its FlavrSavr tomato. A gene 
had  been added to tom ato plants to allow the fru it to ripen on 
superm arket shelves, so tha t it w ould keep its flavour w ithout 
rotting. A lthough the new  tom atoes were a spectacular success, 
spurring  b io technology giant M onsanto to buy  up the patent, 
the start-up  com pany had  n o t though t th rough  its m arketing  
strategy. As the plants had  to be shipped from  Mexico, dem and 
soon ou tstripped supply and the FlavrSavr tom ato disappeared 
from  the shelves, never to return.

The advent of DNA profiling

By the end  o f the 1970s, genes could  be iso lated  from  one 
o rgan ism  and  spliced  in to  another. B ut n o -o n e  k n ew  how  
m any genes a hum an being possessed, let alone their particular 
sequences o f chemical bases (A,T,G, C), nor indeed, exactly w hat 
they did or how  they did it.

A fu r th e r  b reak th ro u g h  cam e w hen , in  1977, F rederick  
Sanger and his colleagues at the UK M edical Research Council 
M o lecu la r B iology la b o ra to ry  in  C am bridge  deve loped  a 
m eth o d  o f read ing  com plete D NA  sequences, leading to the 
first complete genom e, that o f the bacteriophage called (pX174, 
a virus that invades and often destroys its bacterial host cells. Its 
genom e consisted of just 5 386 base pairs. Scientists now  had  all 
the cards in hand  to go for the ‘big one,’ to determ ine the exact 
sequence of the hum an genome.

In  1981, a d iscovery  offered  a c ru c ia l n ex t step, w hile  
in ad v e rten tly  pav ing  th e  w ay to a p ro ced u re  th a t w ou ld  
revolutionize m olecular biology once again. Less w ell-know n 
than the double helix, the polym erase chain reaction (PCR) uses 
b io technology to generate thousands, even m illions, o f copies 
of a single strand  of DNA. D eveloped in  1981 by K ary Mullis, 
bu ild ing on the w ork of Kjell Kleppe and 1968 N obel laureate 
El. G obind K horana, PCR, w hen com bined w ith  new  genetic 
sequencing techniques, w ould go on to form  the basis of m any 
of the revolutionary advances in  genetics and m olecular biology 
of recen t decades, includ ing  D NA  profiling, cloning and  the 
diagnosis of hereditary  diseases.

At this point, we should distinguish betw een the two different 
types of DNA found in  m ost eukaryotic cells (the cells m aking 
up m o s t com plex organ ism s, such  as p lan ts and  an im als), 
m ito ch o n d ria l D N A  and  nuclear DNA. O nce in d ep en d e n t 
cells, m itochondria  w ere inco rpo ra ted  into larger, eukaryotic 
cells at som e p o in t in  th e ir evo lu tionary  h is to ry  to provide 
the eukaryote w ith  energy. As a consequence of their separate 
evolutionary path, m itochondria have their own genetic material, 
separate from  the cell’s own D NA  con ta ined  in  the nucleus 
(nuclear DNA ). A person  inherits  m itochond ria l DNA from
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their m other, as it is only contained in the egg, whereas nuclear 
DNA is inherited  from  b o th  parents. It is thus m uch  easier to 
draw  the tree of evolution or trace your ancestry  if  you follow 
the m other’s DNA.

W hen it comes to crim inal investigations, however, nuclear 
D N A  is the m ore  usefu l o f the two. T he D NA  profiles of 
convicted crim inals stored in  databases by m any countries are 
nuclear D NA  profiles. T his is because m ito ch o n d ria l D NA  
can n o t d iscrim inate  betw een  people  w ho share a com m on 
m aternal b lood  line. The m itochondria l DNA profile o f these 
related individuals will be identical.

Poster from  a 1945 US film . A  suspect m ay leave behind a 
hair, skin cells, blood or saliva at the crime scene. As 99.9% 
o f D NA is common to all hum an beings, scientists use PCR 
to identify differences in the remaining 0.1%. They home in 
on 13 regions o f the sample D NA that are repeated numerous 
times. The number o f short tandem repeats, as these regions 
are known, varies greatly from  one person to another, making 
these regions an ideal target fo r  DNA profiling.

D N A  profiling  was first used in  a c rim ina l case in  1986. 
Two young girls had  been  raped  and m urdered  in  the B ritish 
tow n of Leicester. A DNA analysis o f sem en taken from  bo th  
victim s proved that the m an w ho had  confessed to the crim e 
was innocent.

The human genome... at last

In M ay 1980, four scientists, w riting  in the Am erican Journal 
o f H um an Genetics, published a m ethod  of m apping the entire 
hum an  genom e, using a technique called restric tion  fragm ent 
length polym orphism  (RLFP). RFLPs are sequences of DNA that 
can be cut reliably by restriction enzymes at specific points o f a 
genom e then sorted and com pared. As early as 1981, Frederick 
Sanger and  his colleagues sequenced  a sh o rt section  o f the 
hum an  genom e, ju s t 16 000 base pairs long, contained  in  the 
m itochondria.

It w ould  be ano ther ten years before the Flum an G enom e 
Project got u nder way, in  1990, for the pro ject faced m assive 
technological challenges, as well as doubts about its scientific 
utility. The project would ultimately sequence several organisms, 
including the hum ble fru it fly3 tha t had been so crucial to the 
b irth  of genetics.

W hen the Flum an G enom e Project began, it was the largest 
international collaborative undertaking in  the history  of science. 
In the end, it took hundreds o f scientists w orking in labs around 
the world some 13 years to complete, at a cost of US$ 2.37 billion. 
UNESCO took a stance early on to prom ote the open sharing of 
genom ic data and to m ake sure scientists from  the developing 
w orld were no t excluded.

O ne fear, even in  the scientific comm unity, was that a private 
lab w ould  claim  ow nership  o f the genom e or specific genes 
and patent this knowledge. This prom pted  UNESCO to hold a 
symposium, in 1990, on Fluman Genome Research: Strategies and 
Priorities, attended by 250 scientists, including N obel laureates 
and leaders of national hum an genome research projects.

Three years later, UNESCO set up an International Bioethics 
C om m ittee  com posed  o f experts and, in  1997, adop ted  the 
Universal Declaration on the H um an Genome and Human Rights. 
This bu ilt on the B erm uda Principles agreed by in ternational 
p a rtn e rs  in  the Flum an G enom e Project, w hereby sequence 
data was to be shared publicly w ith in  24 hours o f sequencing. 
C o ncerned  by the po ten tia l m isuse of hu m an  genetic data, 
the UNESCO  experts subsequently  d rafted  an In ternational 
Declaration on H um an Genetic Data, w hich was adopted in 2003, 
the year the hum an genome was finally published.

Even before the project started, it was know n that the hum an 
genome consisted of a unique sequence of 3.4 billion of the four 
chemical bases that make up the DNA molecule: A, C, T and G. 
W hat the project w ould reveal, however, was the exact sequence 
o f these letters. P rin ted  ou t in type so tiny  th a t it is alm ost 
illegible w ithout a magnifying glass, a copy of the hum an genome 
in the Wellcome Collection library in London fills 100 volumes, 
each 1000 pages long. At a rate of one letter per second, it w ould 
take 95 years to read.

Interestingly, the total num ber of genes in the genom e turned 
ou t to be ju s t 22 287, a lthough  the exact figures4 are highly  
contested. Even so, this was far fewer than  the 30 000-40 000 
tha t researchers had  previously expected and a fraction of the 
100 000 estim ated w hen the Fluman Genom e Project started.
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From patented plants to 
the God gene...

D espite the International Declaration on the H um an Genome 
and H um an  R ights, com m erc ia l in te re s ts  are still fiercely  
defen d ed  w hen  it  com es to p a te n tin g  gene tic  sequences, 
as the p o ten tia l fo r p ro fit can be  im m ense , w h e th e r from  
pharm aceuticals, screening tests or agricultural products.

Until this year, M yriad Genetics, w hich m arketed the test used 
to screen Angelina Jolie for cancer, held a m onopoly  over the 
screening technology. But the US Supreme C ourt has now  ruled 
that the company could no t patent a hum an gene. This will lower 
the cost o f the test and make it m ore widely available.

N evertheless, according to the biological sequence research 
p latfo rm  G enom e Q uest (G Q -Pat), the num ber o f patents on 
gene sequences in  the USA has doubled from  100 000 in  2007 to 
over 200 000 in 2013. Altogether, the G Q -Pat database currently 
lists m ore th an  413 000 paten ts and  over 212 800 000 000 
sequences. The paten ting  o f crops and  anim als has m et w ith  
hostile opposition. Having been granted a patent for basm ati rice 
in  the late 1990s, RiceTec subsequently lost the righ t to call its 
rice ‘basm ati’, the name of a traditional Indian strain, encouraging 
o ther trad itional producers to defend the intellectual property  
rights o f local produce.

Since it has becom e possible to locate, isolate, sequence and 
clone individual genes, there has been an explosion in research 
to discover the function  of each of the 20 000 or so hum an  
genes. The H um an Varióm e Project5, for example, established 
by Prof. R ichard C o tton  in  2006 and  officially endorsed  by 
U NESCO  since 2011, aim s to m ap the full range o f genetic 
m utations affecting hum an health, in order to provide doctors 
and  researchers w ith  a com prehensive  reference database. 
The potential benefits for diagnostics and therapies are immense, 
open ing  the do o r to personalized  therap ies w h ich  can, for 
example, target the exact form  o f cancer in  a given patient.

There is already a move in  cancer treatm ent (oncology) away 
from  focusing on the tissue in w hich the cancer is established 
towards the molecular basis o f the tum our. This can help doctors 
p inpoint the best form  of treatm ent. Oncologists can consult an 
online database like My Cancer Genom e to help m atch the drug 
treatm ent to the specific cancer case. A private com pany called 
Foundation O ne offers a US$4290 test to com pare a sam ple of 
a patient’s tum our DNA against a database o f 236 sequences of 
genes know n to be directly involved in cancers.

However, for N obel laureate W erner A rber, speaking at the 
60th anniversary of the double helix in  June,‘there is a concern 
th a t the developm ent o f ta ilo r-m ade trea tm en ts for patien ts 
could upset a delicate balance’ in the b ody .‘Each hum an  body 
hosts a m icrobial world w hich discreetly fights infection, digests 
our food and so on,’ he said. ‘We do n o t yet know  w hat w ould 
happen to this balance if  we introduced personalized therapies.’

T he quest to un d ers tan d  the role and  functions o f hum an  
genes has also led to a k ind  of genetic determ inism  in molecular 
biology, where everything, including a disposition to be religious, 
is th o u g h t to be  due to a specific gene. In 2004, m olecu lar 
geneticist D ean H am er published a book entitled The God Gene: 
How Faith is Hardwired into our Genes. He argued that openness 
to m ystical experience was linked to a specific gene, VM AT2, 
triggering a debate than ran  in  the colum ns of the science press 
for m onths.

Sharing genetic data, 
protecting privacy

The ability to sequence -  and store -  entire genom e sequences 
has opened the door to a proliferation of DNA ancestry screening 
services, the accuracy of w hich often falls short o f their claims. 
The relative ease o f DNA screening today has also raised the need 
for regulations to p ro tect privacy and  determ ine w ho has the 
right to store these data and w ho m ay access them.

In the USA, the G enetic In fo rm ation  N on-D iscrim ination  
Act was passed in 2008, m aking it illegal for health  insurers and 
employers to use the results of DNA screening to refuse insurance 
or em ploym ent on the basis o f a genetic defect or hered itary  
illness. But, w hen a DNA sample is taken from  a crim e suspect 
w ho is later elim inated from  the enquiry, should those data be 
destroyed? W hat p ro tec tion  should  the ind iv idual be given?

I Burial mask o f the young Pharaoh Tuthankamen  (circa 1341-1323 
BCE), on display at the Egyptian M useum in Cairo. In 2010, D NA tests 
confirmed that he was the son o f the Pharaoh Akhenaten.
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Taxidermied body o f Dolly, oti display at the National M useum  
o f Scotland. She was cloned from  an adult cell in 1996. Dolly gave 
birth to several lambs but had to be p u t down after developing 
lung disease and severe arthritis in middle age, suggesting that 
cloning causes premature ageing.

the  H um an  V arióm e Project, recalled  tha t, w hen  M arjo lein  
Kriek, a 34 year-old D utch  clinical geneticist, becam e the first 
w om an to have her genom e sequenced in  2008, it cost €40 000. 
Just eight years earlier, the same exercise w ould have cost about 
€100 m illion. Today, the cost has dropped  to €5 000 and, Burn 
speculated, could one day be as low as €100.

In Star Trek, the popular TV  science-fiction series set in  the 
23rd century, the spaceship’s doctor uses a hand-held  ‘Tricorder’ 
scanner to detect and diagnose illnesses in  his patients. Now,
200 years ahead of time, that device is alm ost here. Sir John Burn 
expects a prototype of his own company’s version of the Tricorder 
to be available n ex t year. He anticipates th a t Q uan tuM D x’s 
diagnostic scanner willl shrink from the size of a microwave oven

Conversely, w hen  D N A  data are offered freely for research  
purposes, shouldn’t they be m ade widely available to the global 
scientific community?

This is one of the objectives o f the H um an Varióm e Project. 
According to David Abraham, C hairm an of the Board of H um an 
Varióme Project International, speaking at the 60th anniversary 
o f the double helix /seven  m illion children are b o rn  each year 
w ith  a genetic d iso rder o r b ir th  defect. Som e 90% o f these 
children are from  low-income countries. We need better ways to 
share our genom ic knowledge, so that all people can share in  the 
benefits o f our com m on genetic heritage.’

Next-generation genomics

In  th e  decade since th e  h u m an  genom e w as sequenced , 
com puting power has m ultiplied several times over, outstripping 
M oore’s law, w hich predicts a doubling every two years. Today’s 
popular Apple iPad2 tablet com puter is m ore pow erful than  a 
Cray-2 supercom puter, w hich  was the fastest on the p lanet in 
1990, w hen the H um an Genom e Project got under way. In 1953, 
w hen W atson and  C rick published their paper on the double 
helix, the world’s m ost powerful com puter was a wimp compared 
to the chip in  a m odern -day  w ashing m achine, yet still filled 
a sm all room . In the past decade alone, genom e sequencing 
techniques have evolved rapidly, bringing down costs and filling 
the databases of know n gene sequences w ith fresh hum an cases 
alm ost daily.

At the 60th  anniversary  of the double helix, Prof. Sir John 
B urn, D eputy  C hair o f the Scientific A dvisory C om m ittee for

Pyrenean ibex painted by Joseph W olf in 1898. 
The extinct ibex was brought back to life 
in 2009 but the cloned animal only lived 
seven minutes.

A World



to tha t o f an Apple iPad w ith in  a few years.
By that tim e, it should be able to test for the 
presence of bacteria tha t cause illnesses like 
tuberculosis w ith in  m inutes, in  the doc to r’s 
surgery. This will bring  diagnostics based on 
genetic screening within reach o f even remote 
areas in  developing coun tries. A lso u n d er 
developm ent is Q-SEC™, a device w hich will 
sequence your genome ‘while you wait.’

The first hum an trial in gene therapy began 
in  the USA in 1990. The aim  of gene therapy 
is to deliver the corrected gene to hum an cells 
affected by a defective gene. The patient was a 
four-year old giri w ith  adenosine deam inase 
(ADA) deficiency, a genetic disease w hich 
leaves h e r defenseless ag a in s t in fec tio n .
W hite b lood  cells w ere taken from  her then 
the n o rm a l genes for m ak ing  ADA w ere 
in se rted  in to  them . T he co rrec ted  genes 
w ere then  re-in jec ted  in to  her cells using 
a v irus as carrier. Today, she and  a second 
giri w ho received the sam e trea tm en t lead 
n o rm al lives. Several new born  babies w ith  
ADA deficiency have also received norm al 
ADA genes, via im m ature blood cells (stem cells) taken from  the 
babies’ umbilical cord.

Gene therapy rem ains controversial, though. It is too early to 
say w hether this type of therapy will work over the long term and 
there are a num ber of scientific obstacles to overcome before it 
can becom e a practical form  of therapy.6

DNA profiling technologies have im proved so m uch in  recent 
years that it is now possible to sequence tiny, incom plete or even 
old samples. The facility o f genetic testing is opening up new  
possibilities in fields as diverse as oncology, crime detection and 
palaentology. In a study published in  Nature  in  July this year, 
the analysis of the complete genom e o f a tiny fragm ent o f bone 
from  a prehistoric horse found in Canada in 2003, preserved in 
perm afrost for 700 000 years, show ed tha t the m odern  horse, 
donkey and  zebra arose over 4 m illion years ago, two m illion 
years earlier than previously thought.

Even m ore spectacularly, researchers b rough t the Pyrenean 
ibex back  from  ex tinction  in  2009, after a fragm en t o f skin 
from  the body of the last m em ber of the species was cloned and 
im planted into domestic goat embryos, using the techniques that 
created the first cloned m am m al, Dolly the sheep, back in  1996. 
However, the life expectancy of these cloned animals can be brief. 
The resurrected Pyrenean ibex lived for just seven minutes before 
it was killed by a lung infection. Dolly the sheep, though, lived for 
over six years, albeit about h a lf the life expectancy of a norm al 
dom estic sheep.

Last year, South  Korean stem  cell scientist H wang W oo-suk 
obtained  exclusive rights to cloning a 10 000 year-o ld  w oolly 
m am m oth. His private laboratory will use tissue samples found 
in  a frozen carcass in  Siberia, w hich spilled liquid b lood  w hen 
incised! If he manages to create an embryo, it will be im planted 
in  an elephant.

This year, a D NA  sam ple kep t from  a 1964 crim e scene in 
the USA has finally linked a suspected serial killer -  the Boston 
S trangler -  to the last of his victim s. A lthough A lbert Desalvo 
h a d  co n fessed  an d  b een  im p riso n e d  fo r o th e r  c rim es,

no conclusive p ro o f was ever found  -  
until 49 years later.

D N A  analysis is also b e in g  used  
to  o v e r tu rn  a n u m b e r  o f  lo n g ­
s tan d in g  conv ic tions, inc lu d in g  th a t 
o f the A m erican Santae A. Tribble in 
D ecem ber last year. He was arrested in 
1978 at the age of 17 for the m urder o f a 
taxi driver. He spent 28 years in  prison 
on th e  basis o f a h a ir  sam ple w hich  
turned  out no t to be his.

For Sir John Burn, the really exciting 
em erg ing  field  in  m ed ic ine  is epige- 
n e t ic s .  D e v e lo p m e n ta l  b io lo g is t  
C. H. W addington coined the term  in 
the 1940s, challenging Charles D arw in’s 
idea that evolution took place th rough  
n a tu ra l  se le c tio n 7 on  th e  basis o f 
random ly occurring mutations in genes. 
We now  know  that, as W addington had 
suggested, genes are being switched on 
and off by environm ental factors.

‘At present,’ said Burn in an interview 
p u b lish ed  th is y ear by  The N aked  

Scientists, ‘300 000 or m ore people in  the UK are carrying genes 
for cancers, such as b reast or colon cancer, tha t are sw itched 
on by environm ental factors bu t the m ajority  are unaw are that 
they are carriers. In each case,’ he said ,‘we have a very effective 
intervention that could reduce or avoid them  developing cancer. 
T he one I am  obviously m ost in te rested  in  is colon cancer 
because we have shown that two aspirins a day will halve the risk. 
There are 60 000 people ou t there in Britain [who are likely to 
develop colon cancer] and we only know  6 000 of them.’ Simple 
screening by a doctor using next-generation screening devices 
w ould multiply that num ber ten times, potentially saving tens of 
thousands of lives. If the same simple [genetic] screening were 
applied to other inherited  diseases, globally, the benefits w ould 
be immeasurable.’

Peter Coles,8 with Alessandro Allegra9

1 Some cancers are hereditary and others are not. This is because 
evolution works through the germline. A ll animal species have two types 
o f cells: germline cells and somatic cells. A  mutation or other genetic 
change to a germline cell can potentially be passed on to a  person’s 
offspring but a change in a somatic cell will not be.

2 The new field o f synthetic biology can assemble genes into totally new 
organisms. See A  World o f Science, January 2013:
http://unesdoc. unesco.org/images/0021/0021911219156E.pdf

3 The first free-living organism to be sequenced was the bacterium
H. influenza (1995), 1.8 million base pairs long, followed by the yeast 
Saccharomyces cerevisiae (1996, 12 million), the bacterium E. coli (1997, 
5 million), the roundworm Caenorhabditis elegans (1998, 97 million) 
and fru it fly  D. melanogaster (2000, 180 million).

4 The human genome contains 19 599 known protein-coding genes and a 
further 2 188 sections o f DNA predicted to be protein-coding genes.

5 See A  World o f Science, October 2012: 
http://unesdoc.unesco.org/images/0021/002180/218053e.pdf

6 See: http://history.nih.gov/exhibits/genetics/sect4.htm

7 On Darwin, see A World o f Science, October 2009: 
http://unesdoc.unesco.Org/images/0018/001844/184441E.pdf

8 Science writer and editor

9 Science historian

Although A lbert Desalvo confessed 
to being the Boston Strangler, it took 
49 years to obtain conclusive proof that 
he had murdered one o f the 13 victims, 
thanks to progress in D NA analysis.
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NEWS

Strategic groundwater reserves 
found in northern Kenya
An ex p lo ra tio n  o f  g ro u n d w a ter  
resources has identified reserves of 
water in Turkana County in drought- 
stricken northern Kenya.

T h e  f in d in g s  w ere  a n n o u n c e d  on 
11 S ep tem b er at th e  o p en in g  o f an 
international water security conference in 
Nairobi. They result from  a groundw ater 
m a p p in g  p ro je c t ,  sp e a rh e a d e d  by  
U N E SC O  in  p a r tn e r s h ip  w ith  th e  
G o v e rn m en t o f Kenya and  w ith  the 
f in a n c ia l  s u p p o r t  o f  th e  Jap an ese  
g o v e rn m e n t. T he  p ro je c t h as  b een  
im p le m e n te d  since  las t y ear w ith in  
U N E S C O ’s G ro u n d w a te r  R esources 
Investigation for D rought M itigation in 
A frica P rogram m e (GRIDM AP, see A  
World o f Science, January 2012).

Two aqu ifers -  th e  L o tik ip i B asin 
Aquifer and the Lodwar Basin Aquifer -  
w ere identified using advanced satellite 
exploration technology. T heir existence 
was then confirm ed by drilling conducted 
recently  by UNESCO  b u t there is need 
fo r fu r th e r  s tu d ies  to q u a n tify  th e  
reserves adequately and assess the quality 
o f the water. T he technology com bines 
rem ote sensing, seismic and conventional 
groundw ater inform ation to explore and 
m ap  th e  o ccu rren ce  o f g ro u n d w ate r 
across large areas in  a short space of time.

The Lotikipi Basin A quifer is located 
w est o f  L ake T u rk a n a , th e  w o rld ’s 
largest p e rm an en t d esert lake. O n its 
own, Lotikipi could potentially  increase 
Kenya’s strategic w ater reserves.

T he sm aller L odw ar B asin A quifer 
could serve as a strategic reserve for the 
developm ent o f Lodwar, the capital o f 
Turkana County, provided the reserve is 
confirmed.

T hree add itional aquifers have been 
identified in  o ther parts o f Turkana bu t 
have no t yet been confirm ed by drilling; 
th ey  w ou ld  also n eed  to be  assessed 
using com plem entary  techniques. M ore 
research will need to be done to enable a 
m ore accurate assessment o f the aquifers 
an d  th e ir  p o te n tia l c o n tr ib u t io n  to 
Kenya’s econom ic development.

A n n o u n c in g  th e  f i n d in g s  in  
N a iro b i d u rin g  th e  o p en in g  session 
o f the U N ESC O  S trategic and  H igh- 
Level M eeting  on W ater S ecurity  and  
C oopera tion , Judi W akhungu, C abinet 
Secretary of the M inistry of Environment, 
W ater an d  N a tu ra l R esou rces , said  
tha t the results w ere a critical scientific 
breakthrough for Kenya.

‘The news about these w ater reserves 
com es at a tim e w hen  reliab le  w ater 
supplies are highly needed. We m ust now 
w ork to fu rth er explore these resources 
re sp o n sib ly  and  sa feguard  th e m  for 
future generations,’ she said.

S tressing  Kenya’s vu ln e rab ility  and 
w a te r in secu rity , cau sed  by  e rra tic  
ra in fa ll pa tte rn s  and  the in fluence  of 
clim ate change, Judi W akhungu  said 
m ore  re sea rch  and  in v es tm en t w ere 
now  needed to identify  and understand  
g ro u n d w a te r  aq u ife rs  an d  im p ro v e  
capacity for m onitoring  and assessm ent

|  Water gushing from  a borehole in the Napuu
region o f Kenya

o f these  resou rces. T he g o v ern m en t 
an n o u n ced  the lau n ch  o f a n a tio n a l 
groundwater m apping programme, which 
is to be im plem ented w ith UNESCO.

O f  K e n y a ’s 41 m i l l io n - s t r o n g  
population, 17 m illion lack access to safe 
w ater and  28 m illion  have inadequa te  
sanitation.

For details: a.amani@unesco.org

ICTP releases free App for students' iPhones
The Science D issem ination Unit o f  
UNESCO's Abdus Salam International 
Centre for Theoretical Physics (ICTP) 
in Trieste (Italy) has released its new, 
free iPhone application, EyApp.

EyApp enables users o f an iPhone, iPad 
or iPod Touch to make a video composed 
o f a series o f cap tu red  im ages along 
w ith  a sim ultaneous audio record ing . 
At the press o f a bu tton , the application 
automatically captures images at intervals 
ranging from 5 to 20 seconds (or manually 
by the user) then synchronizes the images 
w ith a continuous audio signal.

The resultant recording uses just 10% 
of the disk space of a trad itional video 
because the still frames can be processed 
by  th e  h ig h ly  e ffic ien t co m p ressio n  
a lgo rithm s u sed  by the H 264 m ovie 
form at found in  m odern mobile iDevices.

The film  can be shared immediately, or 
saved in a device's photo or movie gallery 
then  fu rth e r edited w ith  o ther Apps. It 
can be shared by em ail and rich-m edia 
m essag ing  system s, via YouTube and  
social netw orking Apps, or transferred to 
a computer.

T he U nit developed the application  
w ith  education  in  m ind . ‘W ith  EyApp,

students can record a lecture at any time 
for th e ir own pu rposes, or share w ith  
colleagues o r friends, in stead  o f losing 
attentiveness taking notes on paper,’ says 
U nit coordinator E nrique Canessa, w ho 
created the application w ith  colleagues 
Carlo Fonda and Marco Zennaro.

An A ndro id-based  version of EyApp, 
n am ed  andrE yA , is cu rre n tly  u n d e r  
development.

Download EyApp from: 
http:// tinyurl. com/ ad2qob5; 
and andrEyA from  www.andreya.org; 
fo r details: sdu@ictp.it
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Global Geoparks Network now counts 100 sites
The Global Geoparks Network n ow  
counts 100 members, with the addi­
tion of 10 sites in Austria, China, Italy, 
Japan, th e  Netherlands, Portugal, 
S lo v en ia , Turkey and Uruguay. 
The sites w ere inscribed during the  
3rd Asia-Pacific Geoparks Network  
Symposium, which took place on Jeju 
Island in the Republic o f Korea from 
7 to 13 September.

The new  sites are:
Sennongjia G lobal Geopark (China),
in  H ubei Province, is know n as the Roof 
of C entral C hina. The area features six 
m o u n ta in s  su rp assin g  3 000 m  th a t 
b lend peaks, glaciers and karst. In 1995, 
relics of ancient hum an beings from  the 
Pleistocene, beginning 1.8 m illion years 
ago (M a), were found in a cave 2 100 m  
above sea level near Hongping. More than 
1000 pieces o f stonew are and  ancien t 
fossils, including rhinoceros, pandas and 
elephants, were unearthed in the cave.

Yanqing G lobal G eopark (C hina) 
is lo ca ted  n o r th w e s t o f  B eijing , in  
th e  w este rn  p a r t  o f th e  Y anshanian  
M ountains. A characteristic  m oun ta in - 
b u ild ing  process du ring  the M esozoic 
(250-65 Ma) time created vertical strata, 
frac tu res  and  huge dom es. T he site’s 
rich  geoheritage includes late Jurassic 
d in o sau r fo o tp rin ts . Som e 4 0 -5 0  000 
years ago, hum ans dug the ir hom es in 
the gran ite . T hese cliff dw ellings can 
be v isited  today  at the site o f G uyaju, 
a h o u sin g  com plex  w ith  m o re  th an  
110 stone room s carved into the rock, the 
largest cliff residence in  China.

Sesia -  Val Grande Global Geopark 
(Italy) in  the no rtheast o f the P iem onte 
Region stretches over two neighboring  
A lp ine  valleys and  inc ludes th e  two 
sacred sites o f Sacre Monte of Varallo and 
Sanctuary of Ghiffa, p a rt o f a UNESCO 
W orld H eritage property. Its geology is 
connected  to A lpine tectonics. H ikers 
can take tours th rough  the E arth’s crust, 
includ ing  to the collapsed caldera o f a 
fossilized supervolcano. The pink marble 
in Ossola was used to build the Cathedral 
o f M ilan in the 14th century.

Oki Islands Global Geopark (Japan) 
is situated off the west coast o f H onshu, 
th e  m a in  is lan d . T he  b a se m e n t o f 
th e  O ki Islands is a frag m en t o f the 
E urasian  con tinen t, left beh in d  during  
th e  fo rm a tio n  o f th e  back -a rc  basin

th a t even tua lly  led to the crea tion  of 
the Japanese islands. The Oki basem ent 
g n e isses  c o n ta in  ev id en c e  o f  th e ir  
continental origin and the extensive alkali 
volcanic rocks present here are extremely 
ra re  e lsew here  in  th e  Japanese  arc. 
The influx o f subalpine zone vegetation 
during the coldest stage of the last lee Age 
can still be seen today.

H on d sru g  G lobal G eopark  (the  
Netherlands) is the co u n try ’s first, in 
the province of D renthe. The H ondsrug 
is a sm all ridge in a landscape tha t was 
overrun  by  ice, c rea ting  typically  flat 
‘N etherlands’. Ridges and valleys form ed 
u n d e rn e a th  th e  ice sh ee t by  g lac ia l 
m eltw ater are still clearly visible in  the 
landscape, unique in  the European-A sian 
P le istocene  landscape. G laciers have 
brought huge num bers o f different-sized 
rocks, including boulders of 40 tons, from 
Sweden and Finland. Some of these were 
used 5 500 years ago to raise N eolithic 
stone  m egaliths, the c o u n try ’s o ldest 
m onum ents.

Azores Global Geopark (Portugal) is 
situated at the triple junction of the North 
Am erican, Eurasian and African tectonic 
plates. Its geom orpho logy  is therefore 
prim arily shaped by volcanic and tectonic 
forces. T h ere  have b een  26 vo lcan ic  
erup tions since the early 15th cen tu ry  
w hen  the Portuguese  firs t se ttled  the 
16 (polygenetic) volcanic islands, m ost of 
them  silicic, w ith some featuring sum m it 
caldera subsidence. N ine are still active. 
All the buildings were constructed using 
volcanic rocks.

Idrija Global Geopark (Slovenia) is 
situa ted  abou t 60 k m  from  Ljubljana. 
A very pronounced fracture in the Earth’s 
crust, one of the strongest in the southern 
A lps, ru n s from  C roatia som e 120 km  
across the entire territory of Slovenia and 
into Italy. This fault allowed m ineral-rich 
liquids from  the deep to deposit minerals 
closer to the surface. The discovery of an 
exceptional m ercury  deposit in  1490 led 
to the developm ent o f Idrija’s im portan t 
m in ing  h is to ry  and , ultim ately, to the 
area’s in scrip tion  on U N ESC O ’s W orld 
Heritage List last year.

K araw an k e/K araw an k en  G lob a l 
Geopark (Slovenia/Austria) is nam ed  
after the A lpine m oun ta in  chain w hich 
form s the bo rder. M o u n ta in -b u ild in g  
here  is ongo ing , as p roven  by recen t 
seismic activity, even though the collision
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Kula
Volcanic
Global
Geopark in
Turkey, the
country’s
first

b e tw een  th e  A frican  an d  E u ro p ean  
c o n t in e n ts  c u lm in a te d  3 4 -5  M a. 
T he geological h is to ry  o f the site dates 
back some 500 m illion years and has left 
a rich  m ining heritage, notably from  the 
extraction of iron  and coal. Today, these 
m ines attract m any visitors.

K ula V o lca n ic  G lob a l G eopark  
(Turkey) is the country’s first, located in 
M anisa P rovince in  W estern A natolia, 
150 km  east o f Izm ir. V olcanic cones 
and  lava flows of the Q u a te rn a ry  age 
d o m in a te  its  lan d scap e . T he  la te s t 
e ru p tio n s  in  the site o ccu rred  abou t 
12 000 years ago. Som e of the volcanic 
ash layers display fossilized foo tp rin ts 
o f prehistoric hum ans. The Kula basalts 
were form ed by the rapid southwestward 
m o v em en t o f the A egean m icrop la te  
overriding Africa.

Grutas del Palacio Global Geopark 
(Uruguay) is the country’s first, located in 
the D epartm ent o f Flores. The crystalline 
b asem en t rocks o f the Rio de la Plata 
C raton, w hich underlie m ost o f Uruguay, 
are only exposed in  the sou th  and east 
o f the country , w here they  m ake up a 
characteristic hilly landscape. Elsewhere, 
the rocks are covered by younger volcanic 
or sed im entary  rocks w hich  form  w ide 
and naturally fertile prairies. Some rocks 
exposed in  the geopark are geologically 
very  old (P recam brian ). Y ounger soil 
features w ith  a typically reddish  colour 
are exposed in  the G ru tas del Palacio 
G eosite, a p icturesque cave system  w ith 
alm ost 100 colum ns up to 2 m  high.

For details and more photos: 
http://tinyurl.com/new-geoparks-2013

http://tinyurl.com/new-geoparks-2013


Elephants photographed in March 2013 in Ngorongoro crater (22.5 km  wide), part o f the Serengeti-Ngorongoro Biosphere Reserve 
and a World Heritage site. In 2012, one million tourists brought in record revenue fo r  Tanzania.

Wildlife crime is robbing Africa of its future
Throughout most of sub-Saharan Africa, 
elephants are now being killed faster 
than they can reproduce, with 2012 
being the bloodiest year in decades.

E lephants enable the rep ro d u c tio n  of 
m any  trop ical tree species and are the 
‘gardeners’ o f the ecosystem s in  w hich 
th ey  live. By em pty ing  forests o f the 
anim als tha t inhab it them , poaching  is 
transform ing  vibrant, living forests into 
deserted spaces.

U N E SC O  D ire c to r-G e n e ra l Ir in a  
Bokova and  John Scanlon, Secretary- 
G e n e ra l  o f  th e  C o n v e n t io n  on  
In te rn a t io n a l T rade  in  E n d an g e red  
Species of W ild Fauna and Flora (CITES), 
sounded the alarm on 30 July in an article 
published in  the magazine Jeune Afrique.

‘This unprecedented  increase reflects 
a change of scale in  the w ay poach ing  
is conducted,’ they  w rote. ‘It is now  no 
longer done in  a ‘trad itio n a l w ay’ bu t 
is conducted  by heavily arm ed groups 
w ith  a lot o f equipm ent, determ ined  to 
sell their spoils to the h ighest b idder in 
the global m arket -  w hich is fuelled by 
soaring prices and dem and for ivory and 
rh ino horn , prim arily in  Asia.’

‘In recent years, the massacre of wild 
species has reached an industrial scale, 
in particular the poaching of animals for

their ivory. In Gabon alone, some 11 000 
elephants have been killed illegally since 
2004. In 2012, almost 700 rhinoceros were 
poached in South Africa. Just this past April, 
an arm ed m ilitia went into the Sangha 
Trinational transboundary World Heritage 
site shared by Cameroon, Central African 
Republic and Congo, and slaughtered at 
least 26 elephants in the Central African 
Republic in the space of a few days.’

U N E SC O  is c u rre n tly  su p p o r tin g  
C a m e ro o n , C o n g o  a n d  G ab o n  in  
establishing a trina tiona l D ja -O d z a la -  
M in k é b é  (T R ID O M ) b io s p h e r e  
reserve in  an area p lagued by m in ing , 
illegal logging and  poach ing . W ith in  
this process, U N ESC O ’s M an and  the 
B io sp h ere  p ro g ra m m e  o rg a n iz e d  a 
trina tiona l w orkshop in Brazzaville on 
6 June. M anaging  th e  area th ro u g h  a 
b lend o f conservation, developm ent and 
log istical su p p o rt ( tra in in g , research , 
e d u c a tio n ...)  -  th e  th ree  in teg ra ted  
functions of b iosphere  reserves -  has 
been recognized as a pow erful w eapon 
against crime.

‘To p ro te c t these  large m am m als, 
the first step is to p ro tect durably  their 
habitats,’ the article explained. ‘UNESCO’s 
W orld  H eritag e  sites an d  b io sp h e re  
reserves w ere created  for this reason . 
At present, they  are the h ighest level of

protection and m anagem ent available for 
natural sites.’

‘T his, o f course, is n o t enough,’ they 
acknowledged before going on to outline 
a tw o-pronged strategy. ‘First, we need to 
support the national and local agencies 
that are on the front line by giving them  
financia l su p p o rt and  the appropria te  
train ing . Som etim es, rangers are only a 
hand fu l o f m en in p ick-up  trucks, no t 
sufficiently  p repared  or arm ed  against 
poachers hunting in helicopters.’

‘Secondly, countries need to cooperate 
in  o rder to fight this illegal ivory trade, 
to p ro tec t these an im als, to m ain ta in  
bo rders and  to sanction  crim inals and 
unscrupulous interm ediaries. Awareness 
also needs to be raised in the countries 
to w hich the ivory is destined, countries 
w here clients often do n o t realize the 
provenance of their purchases.’

C ITES a n d  U N E SC O  have b een  
w o rk in g  to g e th e r in  re c e n t years to 
p u b lish  jo in t  d a ta  an d  sh a re  th e ir  
respective experiences in  in te rre la ted  
d o m a in s  su ch  as th e  tra ffick in g  o f 
cultural assets and ivory.

Read th e fid l article: 
http://whc.unesco.org/en/ne ws!1063; 
on the TRIDOM:
n.raondry-rakotoarisoa@unesco.org; 
http://tinyurI.com/unesco-tridom

Mobile broadband fastest-growing technology ever
M obile broadband is th e  fastest-  
growing technology in human history, 
according to the second edition of the 
State o f Broadband report, but people 
in the world's poorest countries are 
being left behind.

Released in N ew  York on 21 Septem ber 
at the 8 th  m eeting  o f the B roadband  
C om m ission for D igital D evelopm ent, 
the report reveals that mobile broadband 
subscriptions, w hich allow users to access 
the web via sm artphones , tablets and

W iFi-connected laptops, are grow ing at 
a rate o f 30% per year. By the end of this 
year, there will be m ore than three times 
as m any m obile broadband  connections 
as there are conventional fixed broadband 
subscriptions.
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T he Republic o f Korea continues to 
have the world’s highest household broad­
band  penetration, at over 97%, far ahead 
o f the USA in  24th  place. Sw itzerland 
leads th e  w orld  in  fixed b ro a d b a n d  
subscriptions per capita, at over 40%.

There are now  m ore than 70 countries 
w here over 50% of the population  uses 
In ternet. T he top ten  countries are all 
located in Europe, w ith  the exception of 
New Zealand (8th) and Q atar (10th).

U N E SC O  D ire c to r -G e n e ra l  I r in a  
B okova serves as C o -V ice -C h a ir  o f

the C om m ission  w ith  IT U  Secretary- 
G enera l D r H am ad o u n  I. Touré. ‘We 
m u st n o t lose sight o f those  w ho are 
being left behind,’ said D r Touré. ‘O ver 
90% of people  in  the  w o rld ’s 49 least 
dev e lo p ed  c o u n tr ie s  re m a in  to ta lly  
unconnected.’

State o f Broadband  also tracks a new  
ta rge t m an d a tin g  ‘gen d er equa lity  in  
b ro ad b an d  access by  the year 2020’, a 
ta rget fixed by the C om m ission  at its 
M arch  m ee tin g  in  M exico City. IT U  
figures confirm  that, worldwide, wom en

are less likely to have access to technology 
than  their m ale counterparts. W hile the 
gap is relatively sm all in  the developed 
w orld, it w idens enorm ously  as average 
incom e levels fall.

T he State o f  B roadband  is the only  
report to feature country  rankings based 
on access and  a ffo rd ab ility  fo r over 
160 economies worldwide.

Read the report:
www.broadbandcommission.org

University of Nigeria hosts science and engineering fair
Som e 2700 acad em ics, s tu d en ts , 
sch oo l pupils and their teach ers  
co n v erg ed  on  th e  U niversity  o f  
Nigeria on 17-21  June for a w eek  
o f hands-on learning in science and 
engineering.

Separate w orkshops targeted university  
s tu d e n ts , u n iv e rs ity  in s tru c to rs  and  
over 2000 school pupils betw een 13 and 
16 years old, three-quarters o f them  girls.

The w orkshops had  three core tracks: 
m o b ile  le a rn in g , e n g in e e r in g  an d  
microscience.

T h e  m o b ile  le a rn in g  w o rk sh o p s  
dem onstrated  how  teachers could w ork 
w ith  s tu d en ts  to design  app lica tions 
for m obile phones. The course was ru n  
by  C lem en t O n im e fro m  U N E SC O ’s 
A bdus Salam  In te rn a tio n a l C en tre  for 
T heoretical Physics, along w ith  experts 
from Pakistan, Saudi Arabia and Trinidad 
and  Tobago, as well as U N ESC O ’s own 
M ark  W est. D r F areeha  Z afar fro m  
Pak istan  designed  an app lica tion  for 
sm artphones w hich was donated  to the 
university once the w orkshop was over.

S u s a n n a  A c k e rm a n n , o f  In te l ,  
dem onstra ted  an innovative ‘eye-patch’ 
lens that transforms the cameras on laptop 
and  tab let com puters in to  a pow erfu l 
m icroscope w hich can be used to detect 
m o tion  and take tim e-lapsed  im agery.
According to Intel, the lens supports up to 
60 different experim ents and is currently 
being m arketed in South Africa.

In s t r u c to r s  w e re  in t ro d u c e d  to 
augm ented reality, a process by w hich  a 
digital device allows a user to m an ip u ­
late item s th a t are n o t in  the physical 
w orld . C lem ent O n im e d em o n stra ted  
how  students could, for example, create 
a v ir tu a l  c irc u it b o a rd  by  m a n ip u ­

la t in g  o b je c ts  u n d e r  th e  
w eb cam e ra  o f  a ta b le t 
computer. The objects are 
m oved  across a piece 
o f p a tte rn e d  p a p e r  
b u t ap p ea r on th e  
screen of the tablet 
as tran s is to rs  and  
w ires. T h is te c h ­
n o lo g y  opens up 
num erous avenues 
for learning, partic­
u la rly  in  con tex ts 
w here actual circuit 
b o a rd s  and  re la ted  
m aterials are unavail­
able o r p ro h ib itiv e ly  
expensive.

The University o f Nigeria 
has a new  physics and  chem ­
is try  lab o ra to ry  b u t ex p e rim en ta ­
tion  in  eng ineering  is u ncom m on  for 
lack of m odern  equipm ent. O ne aim  of 
the fair was to dem onstrate that you can 
perform  experim ents w ithout expensive 
equipm ent and, above all, that you cannot 
teach science and engineering  w ithou t 
hands-on learning.

T he eng inee ring  w orkshops w ere a 
b lend  of experim en ta tion  and  lectures 
on four them es: shelter, tran spo rta tion , 
w ater filtration and m icro-hydro  pow er 
generation. In one experim ent, students 
w ere g iven a p las tic  b o ttle  and  cup, 
cork , co p p er w ire  an d  m ag n e ts  and  
asked to bu ild  a m icro -hydro  tu rb ine. 
The idea was for the m agnet to tu rn  the 
ro to r (copper w ire) and  tu rb ine , thus 
generating  a sm all cu rren t w hen w ater 
was passed over it (see photos). O n the 
second  day, one s tu d en t rep laced  the 
cork  in h is appara tus w ith  the ru b b e r 
sole o f h is san d a l, an im p ro v em en t

A  student tapes wire 
coils to a sheet o f 
cardboard to make a 
stator fo r  his micro­
hydro turbine. The 
fo u r magnets have 
already been taped 
to the cardboard. The 
turbine is made by 
inserting fo u r ‘blades’ 
into a cork to form  
a propeller. These 
‘blades’ are simply cut 
out o f a plastic cup 
(below).

subsequently 
incorporated  
into the 
experim ent.

T h e se  w o rk s h o p s  
w ere  ru n  by  Y asem in D o g an  fro m  
E ngineers W ithou t B orders (EW B) in 
the  UK and  R ovani S igam oney  from  
U NESCO, w ho w ere accom pan ied  by 
N igerian  rep resen tatives o f EWB and  
the Institute of Electrical and Electronics
Engineers.

In  th e  m ic ro sc ie n c e  w o rk sh o p s , 
school pupils tried  their hand  at filtering 
w ater and  m ixing chem icals, under the 
w atchful eye of Im teyaz K hodobux and 
O su O tu  from  UNESCO. The teenagers 
were shown how  to use m iniature plastic 
k its  p ro m o te d  b y  U N E S C O  w ith in  
its longstand ing  G lobal M icroscience 
E xperim ents p rogram m e (See A  World 
o f Science, July 2011).
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NEWS

The week wouldn’t have been complete 
w ithout a talk by Prof. Francisca Nneka 
O keke from  the U niversity  o f N igeria, 
one o f this year’s five l’O réal-U N ESC O  
la u re a te s  fo r W o m en  in  S c ien ce . 
Prof. Nneka Okeke studies the ionosphere 
situated  betw een 50 km  and 1 000 km

above the E arth ’s surface. She spoke of 
her passion for science to a spellbound 
auditorium .

P artic ipation  in  the science fair was 
fu n d ed  en tire ly  by  th e  In te rn a tio n a l 
In s ti tu te  fo r B io tech n o lo g y , w h ic h  
operates under the auspices of UNESCO.

H osted  by  the U n iversity  o f N igeria , 
th e  in s titu te  opened  its doors earlier 
this year.

For details: r.sigamoney@unesco.org; 
i.khodobux@unesco.org: 
m.west@unesco.org; onime@ictp.it

Sandwatch comes to Indonesia, Malaysia and Timor-Leste
Since December, more than 200 pupils 
from nine secondary schools have 
participated in a Sandwatch pilot 
project in Indonesia. In September, 
the governm ent decided to introduce 
Sandwatch into selected  schools in 
coastal parts o f Java, as part o f its 
new  Coastal Education Project.

The Coastal Education Project (Sekolah 
Pantai Indonesia) is being im plem ented 
jo intly  by UNESCO and the Indonesian 
M in is t r y  o f  M a r in e  A ffa irs  a n d  
F isheries, in  close co llabo ra tion  w ith  
th e  In d o n es ian  N a tio n a l C o u n c il on 
Climate Change.

Sandwatch has raised pupils’ awareness 
o f the need to take care of their beaches,

via targeted lessons favouring a hands-on 
approach . Pupils have learned  how  to 
use the scientific m ethod  to m onitor and 
critically evaluate problem s and conflicts 
facing the ir coastal environm ent. They 
have been in troduced  to environm ental 
advocacy  and  ga in ed  co n fid en ce  in  
public-speaking.

In  J u n e  th i s  y e a r ,  U N E S C O  
ex tended  th e  S andw atch  p ro jec t in to  
T im o r-L este , w here  tw o schoo ls are 
involved in  m o n ito ring  beaches in  the 
Liquica District.

In b o th  Indonesia  and  T im or-L este, 
pupils are studying  th e ir region’s local 
and  ind igenous know ledge in  relation  
to coasta l m an ag e m en t an d  clim ate  
change adapta tion . In Indonesia alone,

the know ledge of the Bajo (W akatobi 
Province) varies greatly from  that o f the 
Awig-awig (Bali Province) and Panglima 
Laot (Aceh Province), for example.

N ext year, U N ESC O ’s Jakarta office 
p lans to re - in tro d u ce  Sandw atch  in to  
Malaysia, using funds in  tru s t provided 
by the governm ent. O ne aim  w ill be to 
strengthen cooperation in environm ental 
education betw een Indonesia, Malaysia 
and Timor-Leste.

Sandwatch was launched by UNESCO 
in the C aribbean in  1999 and has since 
spread to A frica, Asia, E urope and the 
Pacific and Indian Oceans.

For details: I.hiwasaki@unesco.org; 
www.sandwatch.org

First World Heritage sites for Fiji, Lesotho and Qatar
On 22-23  June, the first sites in Fiji, 
Lesotho and Qatar w ere inscribed on 
the World Heritage List. In all, 19 sites 
w ere added by the World Heritage 
Committee, which met first in Phnom 
Penh then in Siem Reap (Cambodia).

The new  properties in Fiji and Q atar are 
b o th  cu ltu ra l sites. L evuka H isto rica l 
P o rt Town (Fiji) was the firs t colonial 
cap ital o f Fiji, ceded  to the B ritish  in 
1874. AÍ Z u b arah  A rchaeo log ica l Site 
(Q atar) is a w alled coastal tow n w hich 
flo u rish ed  as a p ea rlin g  an d  tra d in g  
cen tre  in  the late 18th cen tu ry  before  
being destroyed in 1811 then abandoned 
in the early 1900s.

Lesotho’s first site has been inscribed as 
an extension to uKhalam ba D rakensberg 
Park  in  S ou th  A frica to fo rm  M a lo ti-  
D rakensberg  Park, a m ixed natu ra l and 
cu ltu ra l site. Two o th er sites received

ex ten s io n s  th is  year: M o u n t K enya 
N ational P ark /N atu ra l Forest (Kenya) 
and the Wieliczka and Bochnia Royal Salt 
M ines (Poland).

T he o ther 12 cu ltu ral sites in scribed  
are: Red Bay Basque W haling  S tation  
(C anada), th e  C u ltu ra l L andscape of 
the H onghe H ani Rice Terraces (China), 
Historic M onum ents and Sites o f Kaesong 
(D em . P eop le’s R epub lic  o f K orea), 
B erg p ark  W ilh e lm sh ö h e  (G erm any), 
th e  H ill F o rts  o f R a jasthan  (In d ia ), 
Golestan Palace (Iran), the M edici Villas 
and G ardens in Tuscany (Italy), Fujisan, 
S acred  Place an d  S ource o f  A rtis tic  
Inspiration (Japan), the H istoric C entre 
of Agadez (Niger), the W ooden Tserkvas 
o f th e  C a rp a th ia n  R egion  (P o lan d / 
U kraine), the U niversity  o f C om bra -  
Alta and Sofia (Portugal) and the Ancient 
city of Tauric C hersonese and its C hora 
(Ukraine).

The Namib Sand Sea covers more than 3 million hectares. Home to endemic 
invertebrates, reptiles and mammals, it is the only coastal desert in the world to 

include extensive dune fields influenced by fog, the site’s prim ary source o f water. I
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Five n a tu ra l sites w ere in sc rib ed  in  
C am bodia: X in jian  T ianshan  (C h ina), 
M o u n t E tna  (Ita ly ), E l P in aca te  and  
G ra n  D e s ie r to  de A lta r  B io sp h e re  
Reserve (M exico), the N am ib Sand Sea 
{see p h o to ) an d  Tajik N a tio n a l P ark  
(Tajikistan).

T he add itions b rin g  the n u m b er o f 
sites on the W orld Heritage List to 981 in 
160 countries, 759 of w hich are cultural, 
193 natural and 29 m ixed properties.

In June, the site of Bam and its Cultural 
L andscape was rem oved from  the List 
o f W orld H eritage in  D anger, w hereas

E ast R ennell (S o lom on  Is lands) was 
inscribed on the same list, along w ith all 
six Syrian sites.

In B am ako on 7 June, a M alian team  
o f experts  h ad  m e t w ith  a U N ESC O  
m ission to analyse the dam age done to 
the city o f T im buktu , after b o th  team s 
had  in sp ec ted  the city  and  consu lted  
local authorities.

‘The destruction caused to T im buktu’s 
heritage is even m ore alarm ing than  we 
thought,’ said Lazare E loundou Assomo 
of U N ESC O ’s W orld H eritage C entre, 
w ho  led  th e  in te rn a t io n a l m iss io n .

‘We d iscovered th a t 14 o f T im b u k tu ’s 
m auso leum s, inc lud ing  those  th a t are 
p a r t o f the U N ESC O  W orld H eritage 
sites, w ere totally destroyed, along w ith  
two others at the D jingareyber M osque. 
T he em blem atic El Farouk m o num en t 
at the en trance  to the city  was razed. 
We estimate that 4 203 m anuscripts from  
the Ahm ed Baba research centre were lost 
and that another 300 000 were exfiltrated 
-  m ainly to Bamako -  and are in urgent 
need of conservation.’

For details: http://whc.unesco.org

ICTP has big ideas for small science
At the Hands-On Research in Complex 
Systems School hosted by UNESCO's 
Abdus Salam International Centre on 
Theoretical Physics (ICTP) in Trieste 
(Italy) on 1-12 July, 68 scientists from 
mainly th e developing world used  
simple, inexpensive apparatuses that 
fit on a tabletop to research the intri­
cacies of such complex phenomena as 
fluid dynamics, cell migration, turbu­
lence and nonlinear optics.

The school was ru n  by em inent scientists 
w ho have conducted  fro n tie r tabletop 
resea rch  them selves. H a rry  Sw inney, 
d irec to r o f the C en te r for N o n lin ea r 
D ynam ics at th e  U n iversity  o f Texas 
(U SA), is one o f the school d irec to rs 
and  a lead ing  figure in  the w orld  o f 
‘sm all science’ -  science done in a small 
laboratory w ith simple equipm ent.

‘T h ese  k in d s  o f ex p e rim e n ts  can 
be done anyw here in the w orld,’ says 
Swinney. ‘This is n o t expensive science 
and  th is is n o t b ig  science b u t these 
experim ents help us investigate m any 
phenom ena  in  nature.’ Sw inney’s own 
foray  in to  the w orld  of sm all science 
s ta r te d  w ith  ta b le to p  e x p e r im e n ts  
to stu d y  system s in  th e rm o d y n am ic  
equilibrium  in the 1960s.

S ince  th e n , th e re  has b een  su ch  
a tre m e n d o u s  leap  in  te ch n o lo g ica l 
advances th a t th e  e x p e rim en ts  have 
b e c o m e  m o re  access ib le  th a n  ever 
befo re . ‘T he k in d  o f  cam era  w e are 
using  in  the  lab to d ay  costs € 6 0 -6 5 ; 
the sam e cam era w ould  have cost tens 
o f th o u sa n d s  o f eu ro s in  th e  1990s. 
T he cam era is co n n ec ted  to a lap top  
com pu ter th a t is m ore  pow erfu l than  
th e  m o s t p o w e rfu l s u p e rc o m p u te r

o f th e  1990s,’ explains S w in n ey .‘T his 
has o p en ed  to th e  e n tire  w o rld  th e  
quan tita tive  study  o f ph en o m en a  th a t 
was only possible for very  w ealthy labs 
ju s t 20 years ago.’

A nother school director, Rajarshi Roy, 
d irec to r o f the In s titu te  for Physical 
Science and Technology at the University 
o f M ary lan d  (U SA ), reca lls th a t ‘the 
idea b eh in d  sm all science is try  to do 
experim ents that cost less than €1000 bu t 
still do absolutely cutting-edge science.’ 
For Roy, getting the school to the ICTP 
has proved to be a great success because 
the  g lobal reach  o f the cen tre  m ean t 
th a t p a rtic ip an ts  cam e fro m  all over 
the world.

For details: www.ictp.it

Green chemistry project 'investment in planet'
A call for research proposals will be 
launched in Novem ber by UNESCO 
and th e  largest producer o f phos­
p h ate-based  fertiliser  in Europe, 
P hosA gro, w ith in  a jo in t Green 
Chemistry for Life project which will 
be providing annual grants worth a 
total o f US$1.4 million over the next 
five years.

Scientists aged 35 years o r less w ill be 
inv ited  to com pete for g ran ts o f up to 
US$30,000 each to im plem ent innovative 
projects that respect the 12 principles of 
‘green chem istry’. The successful projects 
w ill be  se lec ted  by  an in te rn a tio n a l 
scientific jury.

The 12 principles o f green chem istry  
were defined by Paul A nastas from  Yale 
U niversity  (USA) in  1998, seven years 
after he co ined  the term . T he firs t o f 
these principles dictates th a t ‘it is better 
to prevent w aste than  to clean up waste 
after it has been created.’ O ther principles 
advocate find ing  harm less alternatives 
to toxic chem icals and  solvents, m ore 
en e rg y -e ffic ien t ch em ica l p rocesses, 
the use o f renew able feedstocks, safer 
chemicals, biodegradable chemicals and 
waste, and so on.

G reen chem istry  has becom e a target 
for cutting-edge research into sustainable 
technologies that eliminate or reduce the 
generation or use of hazardous substances

in m ining and in the design, manufacture 
and  application  of chem ical p roducts. 
Projects m ay encom pass biochem istry , 
geochemistry, biotechnology and applied 
m icrobiology, giving young  scien tists 
am ple opportun ity  to dem onstrate their 
inventiveness.

The G reen C hem istry  for Life project 
was officially launched on 29 M arch w ith 
the signing of a partnersh ip  agreem ent 
in  Paris be tw een  U N ESC O  D irecto r- 
General Irina Bokova and Maxim Volkov, 
Chief Executive Officer of PhosAgro. The 
project is being im plem ented jo in tly  by 
U NESCO’s In ternational Basic Sciences 
P ro g ram m e  an d  P hosA gro , in  close 
c o o p e ra tio n  w ith  th e  In te rn a t io n a l
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U nion o f Pure and A pplied C hem istry, 
U NESCO ’s p artn er in  the In ternational 
Year o f C hem istry in 2011.

A t th e  s ig n in g , M ax im  V o lkov  
rem arked  tha t the pro ject was the first 
o f its k ind  to be sponsored by a Russian 
company. ‘We view the Green C hem istry

fo r Life p ro jec t as an in v es tm en t in  
the w hole p lanet,’ he en thused , ‘and  a 
successful exam ple of how  science and 
business can un ite  u n d er the auspices 
of U NESCO to create new  know ledge 
aim ed at p ro tec tin g  the env ironm ent. 
I also believe this p ro jec t w ill help to

im prove the prestige o f chem istry  and 
lead to m ore young scientists choosing 
to study the topic.’

For details: m.naIecz@unesco.org; 
http://tinyurI.com/unesco-ibsp

UN sets its sights on protecting the open ocean
The open ocean covers alm ost half 
of the Earth's surface. A UN working 
group has just asked th e 68th UN 
General Assembly, which go t under 
w ay in N ew  York on 17 September, 
to  explore th e feasib ility  o f d ev e­
loping a n ew  instrument to  protect 
marine biodiversity in the open ocean, 
the area beyond national jurisdiction.

T he issue at stake is w h eth er the UN 
C o n v en tio n  on  th e  Law  o f th e  Sea 
should include a new  agreem ent covering 
im p lem en ta tio n , in  o rd e r to p ro tec t 
m a rin e  b io d iv e rsity  in  areas b eyond  
national jurisdiction, or w hether a better 
im plem entation  o f existing instrum ents 
w ould be sufficient.

If  th e  U N  w o rk in g  g ro u p  on  th e  
c o n se rv a tio n  and  su s ta in ab le  use o f 
m a rin e  b io d iv e rs ity  b ey o n d  areas o f 
national jurisdiction obtains its mandate, 
it  w ill su b m it its  re c o m m e n d a tio n s  
to th e  69 th  U N  G enera l A ssem bly in 
Septem ber 2014.

Today, 60% o f th e  w o rld 's  m a jo r 
m arine ecosystems have been degraded 
or are being used unsustainably. We are 
now  exploiting fish stocks farther away 
fro m  the coasts and  deep er in to  the

ocean. M arine litter is becom ing a huge 
p rob lem , especially  for sea b ird s and  
m arin e  m am m als, as is the w arm ing , 
in c re a s in g ly  co rro s iv e  o cean  -  th e  
consequence of absorbing so m uch of the 
CO em itted into the atmosphere.

T here  is overall consensus th a t we 
o u g h t to p ro te c t o u r p rec ious liv ing 
re so u rce s  b e tte r  an d  m an ag e  th e m  
sustainably. However, agreeing on how  
this should be tackled is far from  easy. 
Regulating activities that have an im pact 
on b iodiversity  affects m any econom ic 
se c to rs , in c lu d in g  f ish in g , m in in g , 
drilling , oil and  gas exploitation , w ind 
farm s, aquacu ltu re , to u rism  and  basic 
re sea rch , in c lu d in g  p ro sp e c tio n  fo r 
bio-active com pounds. At this time, there 
is no central database to record all these 
activities.

O ne o f the m ost difficult tasks will be 
to agree on w hat tools and m echanism s 
are needed and on who should im plem ent 
these and control and m onitor econom ic 
activities in the open ocean.

Som e coun tries argue th a t we m ust 
respect the freedom  of the seas. O thers, 
notably the G77/China and the European 
U nion , consider the resources in  the 
open ocean as the com m on heritage of

hum ank ind . For them , the open ocean 
b e longs to everyone and  we are all 
responsible for taking p roper care of it, 
including w hen it com es to sharing the 
fru its  o f research  and  the benefits  o f 
exploitation am ong all nations.

O n 22 A ugust, th e  U N E S C O -IO C  
o rg a n iz e d  a s id e  e v e n t w ith  T ara 
E xped itions on scien tific  co opera tion  
a n d  d a t a - s h a r i n g ,  w h i l e  th e  
w o rk in g  g ro u p  w as m e e tin g  a t UN 
h e a d q u a r te rs  in  N ew  York. A p an e l 
o f experts p resen ted  the IO C ’s O cean 
B io g e o g ra p h ic  In fo rm a tio n  System  
(O BIS), a g lobal da tabase  on m arin e  
life, an d  a n u m b e r  o f p ro g ra m m e s  
w h ich  co llect sam ples fro m  the least 
explored  parts  o f the ocean, includ ing  
the In ternational N etw ork for Scientific 
Investigation of the D eep Sea, the Deep 
O cean  S tew ardship  In itia tive  and  the 
schooner Tara (see interview  overleaf). 
A ll the collected data are be ing  stored  
a n d  m ad e  availab le  in  g loba l o pen - 
access inform ation  systems like OBIS.

For details : w.appeItans@unesco.org;
j.barbiere@unesco.org;
www.sIideshare.net/OBIS-IOC

Climate communication centre opens in Indonesia
On 3 September, the Climate Commu­
nication Centre (Pusat Komunikasi 
Ik lim ) o p en ed  in th e  Indonesian  
province of Central Kalimantan.

The centre w ill give local com m unities 
access to online discussions on climate 
change and  enable th em  to exchange 
in fo rm a tio n  on su s ta in ab le  w ays o f 
red u c in g  g reen h o u se  gas em issions. 
Courses in  related areas will also be run  
from  the centre.

C en tra l K alim antan  is hom e to the 
D ayaks, the ind igenous inhab itan ts  of 
Borneo. D eforestation  was encouraged

by P res id en t Suharto  u n til his fall in  
1998 and, today, illegal logging rem ains 
an acute problem.

T h e  b u rn in g  o f  p e a t  fo re s ts  is 
responsible for about 70% of Indonesia’s 
CO emissions. In 2009, President Susilo 
B am bang  Y udhoyono  c o m m itte d  to 
cu tting  Indonesia’s CO em issions by 
26%. A year later, Indonesia im posed  a 
two-year m oratorium  on the exploitation 
of its peat and natural forests.

Indonesia  can ob ta in  com pensation  
for the revenue it loses from  lim iting  
d e f o r e s ta t io n  v ia  R E D D  + . T h e  
p lu s sign  re fe rs  to  th e  im p lica tio n s

fo r  in d ig e n o u s  p e o p le  a n d  lo c a l 
co m m u n itie s  o f  p ro jec ts  fu n d e d  by 
th e  U N  C ollaborative P rog ram m e on 
Reducing Em issions from  D eforestation 
and  Forest D egradation  in D eveloping 
C o u n trie s  (R ED D ). O nce earm ark ed  
for w idespread rice cultivation, C entral 
K alim antan is now  a p ilo t p rovince for 
REDD+.

As p a r t  o f  U N  s u p p o r t  fo r th e  
I n d o n e s i a n  R E D D +  i n i t i a t i v e ,  
U N ESC O ’s office in  Jakarta  he lped  to 
develop the com m unity-learning centre 
in  C e n tra l K a lim an tan . T he p ro je c t 
w as launched  in O cto b er last year, in
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tandem  w ith  the UN Office for Project 
Services, w hich bu ilt the centre, and the 
U N  O ffice fo r RED D + C o o rd in a tio n  
in  Indonesia.

A t th e  la u n c h  o f  th e  c e n tre  in  
S ep tem b e r, S h ah b az  K h an , D e p u ty  
D irector and P rogram m e Specialist for 
W ater and  E nv ironm en ta l Sciences at 
U N E SC O ’s Jak a rta  office, p re sen ted  
U N E SC O ’s c o n tr ib u tio n , w h ich  had  
focused  on p rep a rin g  the com m un ity  
to use the centre. UNESCO helped local 
villages prepare a com m unity action plan 
centred around environmental protection 
an d  th e  d ev e lo p m en t o f  su s ta inab le

livelihoods like eco tourism . T he plan  
was d is trib u ted  to the p rov incia l and  
d is tric t authorities, as well as to N GO s, 
to help  th em  id en tify  p rac tica l ways 
o f s u p p o r tin g  th e  co m m u n ity . T he 
eco tourism  pro ject has since got under 
way w ith local governm ent support and 
that o f w om ens’ and youth  groups.

In A ugust, U NESCO  ran  a series o f 
tra in ing  w orkshops for 46 partic ipan ts 
from  fou r villages. T hese focused  on 
ecosystem  restoration , agroforestry and 
com m unity-based carbon accounting.

O ver th e  p a s t year, U N E SC O  has 
also sponsored research by the Forestry

R esearch  an d  D e v e lo p m e n t A gency, 
a ttach ed  to th e  M in is try  o f Forestry. 
T h ese  s tu d ie s  a ssessed  th e  im p a c t 
o f  d e fo re s ta tio n  on  c lim a te  change 
in  C e n tra l K a lim a n ta n  a n d  on the  
population’s living standards. T hey also 
evalua ted  the  efficacy at village level 
o f  fo re s t re g u la tio n s  an d  id e n tif ie d  
fo re s t eco sy s tem  serv ices o f use to 
local villages. T he find ings have been  
com m unicated  to the local governm ent 
and deposited in  the com m unity centre’s 
library.

For details: s.khan@unesco.org

IPCC confirms widespread warming
The In tergovern m ental Panel on  
Climate Change (IPCC) released its 
fifth report in Stockholm (Sweden) 
on 27 September, more confident than 
ever that global warming is 'unequi­
vocal' and largely human-driven.

T he evidence for this has grow n since 
the release o f the IPC C ’s previous report 
in  2007, thanks to b e tte r observations, 
a deeper u n d ers tand ing  o f the clim ate 
system and more refined climate models.

‘S in ce  th e  1950s, m a n y  o f  th e  
observed  changes are u n p reced en ted  
over decades to m illen n ia ’, states the 
app roved  S u m m a ry  fo r  Policym akers  
on the physical science basis for climate 
change, p roduced  by W orking G roup I. 
‘Each of the last three decades has been 
successively w arm er at the Earth’s surface 
than  any preced ing  decade since 1850.’ 
Taken together, g lobal land  and  ocean 
tem p era tu re  data show  an increase of 
0 .85 -1 .06°C over the period  1880-2012.

‘T he a tm ospheric  concen tra tions of 
C O ,, m ethane, and  n itrous oxide have 
risen to levels unprecedented  in  at least 
the last 800 000 years,’ the rep o rt states. 
C O , concen tra tions have increased  by 
40% since pre-industrial times, prim arily 
from fossil fuel emissions and secondarily 
from  land-use changes. T he ocean has 
absorbed about 30% of C O , em issions, 
causing ocean acidification.

M o re  th a n  90% o f  th e  e n e rg y  
accum ula ted  betw een  1971 and  2010 
has been stored in the ocean, 60% alone 
in  the u pper ocean (0 -7 0 0  m ), w hich  
w arm ed from  1971 to 2010.

The extent of Arctic sea ice very likely 
decreased by betw een 3.5% and 4.1% per

decade betw een 1979 and 2012. Sum m er 
sea ice shrank by as m uch as 9.4-13.6%  
per decade over this period.

‘T he ra te  o f sea-level rise  since the 
m id -19 th  cen tu ry  has been larger than  
the m ean  rate du ring  the previous two 
m illen n ia ,’ s ta te  th e  a u th o rs . G lobal 
sea-level rise  was very  likely 2.0 m m  
per year on average betw een 1971 and 
2010 and 3.2 m m  per year betw een 1993 
and 2010. G lacier m ass loss and ocean 
therm al expansion from  w arm ing since 
the early 1970s together explain about 
75% of this sea-level rise.

T he re p o r t m akes p ro jec tions based  
on a set o f four new  scenarios. ‘G lobal 
su rface  te m p e ra tu re  change  fo r th e  
en d  o f th e  21st c e n tu ry  is like ly  to 
exceed  1.5°C  re la tiv e  to  1 8 5 0 -1 9 0 0  
in  a l l  b u t  th e  lo w e s t  s c e n a r io  
c o n s id e re d ,’ s a id  IP C C  C o -C h a ir  
T hom as S tocker in  S tockho lm , ‘and  is 
likely to  exceed 2°C fo r the  two h ig h  
scenarios.’ T he IP C C  considers likely 
a tem p era tu re  rise  o f up to 4.8°C  and 
sea-level rise o f 0.82 cm by  2081-2010, 
if  the w orld  follow s the m o s t c a rb o n ­
intensive developm ent scenario.

‘H eat waves are very  likely to occur 
m ore frequently and last longer,’ Stocker 
added. As the E arth  w arm s, we expect 
to see cu rren tly  w et regions receiving 
m ore rainfall and d ry  regions receiving 
less, a lthough  there w ill be exceptions.’ 
G lobally , it  is like ly  th a t  th e  a rea  
encom passed by m onsoon  systems will 
increase over the 21st century.

T he g lobal ocean  w ill co n tin u e  to 
w arm  during the 21st century, w ith  heat 
penetrating from  the surface to the deep 
ocean to affect ocean circulation.

‘T h e  IP C C  can  say  a lo t  a b o u t 
th e  ocean  th is  tim e  a ro u n d  because  
o f  sc ien tif ic  advances, n o t le a s t th e  
3 0 0 0 -s tro n g  f lo ti lla  o f  A rgo  flo a ts  
n o w  p a tro ll in g  th e  g lobe,’ o b se rv ed  
José  M a ria  F ig u e re s , C o -C h a ir  o f 
th e  G lo b a l O cean  C o m m iss io n  and  
fo rm e r p re s id e n t o f C o sta  R ica, on 
19 S ep tem ber in  the H uffing ton  Post. 
C o o rd in a te d  by  th e  U N E S C O -IO C  
w ith in  its  G lo b a l O cean  O b se rv in g  
System (G O O S), the Argo floats record  
ocean tem p era tu re  and  salinity. In the 
p a s t fo u r years , th e y  have co llec ted  
m o re  o c e a n  d a ta  th a n  sh ip s  an d  
m o o r in g s  d id  th ro u g h o u t  th e  2 0 th  
cen tu ry . G O O S enables m u ch  o f the 
clim ate science assessed by  the IPC C , 
in fo rm in g  n a tio n a l and  g lobal po licy  
on climate change.

T he second  vo lum e o f th e  IP C C ’s 
5 th  A ssessm en t R e p o rt on  C lim ate  
C hange, th a t on Im pacts, A dap ta tion  
and Vulnerability, is due to be released 
by  W orking G roup  II in  M arch  2014. 
T h ro u g h  its  L ocal an d  In d ig e n o u s  
K n o w le d g e  S y s te m s  p ro g r a m m e , 
UNESCO has led inter-agency efforts to 
include indigenous knowledge alongside 
science in  this volum e. As p a rt o f this 
effort, UNESCO and U NU  organized an 
experts’ w orkshop w ith  W orking G roup 
II in  Mexico City in July 2011. Last year, 
U N E SC O  and  U N U  also p u b lish ed  
W eathering  U ncertainty: T raditional 
Knowledge fo r  Climate Change Assessment 
an d  A d a p ta tio n ,  w h ic h  th e y  m ad e  
available to the IPCC authors.

Read the report: www.ipcc.ch
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INTERVIEW

Romain Troublé

Sailing the seas for science
From M ay to  D ecem b er th is  year, th e  Tara sc h o o n er  (pictu red )  is c ircu m n avigatin g  th e  Arctic O cean v ia  th e  
N orth east and N orth w est p a ssa g es , w hich  are on ly  accessib le  to  sh ipp in g  in th e  sum m er m onths. T hroughout 
th is 25 000-km  ex p ed itio n , th e  sc ien tific crew  is an alysin g  th e  im pact th e  m eltin g  ice pack is having on  m arine 
life. Scientists are keen to  com pare w h a t is h app en ing in th e  Arctic w ith  th e  im pact o f  clim ate ch an ge on  m arine 
b iod iversity  e lsew h er e .

This is n ot Tara's first ocean  ex p ed itio n  but it is th e  first tim e th a t UNESCO's In tergovern m ental O ceanographic  
C om m ission  (IOC) has b een  'on  board', fo llo w in g  th e  s ig n in g  o f  a p artnersh ip  a g re em en t b e tw e e n  UNESCO 
and th e  French NGO Tara E xp ed ition s on  27 June. The tw o  partners are com p lem en tary , w ith  Tara co llectin g  
sc ien tific d ata  from  its ex p ed itio n s  w hich  th e  IOC w ill th en  share w ith  th e  g lob a l sc ien tific com m un ity  via both  
its Global O cean O bserving System  and th e  O cean B iogeograph ic Inform ation System  (OBIS), a g lob a l d a tab ase  
on  m arine life. But Tara has a n o th er  string to  its bow : raising public a w a ren ess. The IOC has b een  look ing for a 
m eans o f  interacting m ore c lo sely  w ith  civil society , in order to  a lert th e  public to  th e  d angers facing th e  ocean s. 
Tara can h elp  m ake th a t vital link. Here, e x e cu tiv e  d irector Romain Troublé brings us up to  sp ee d  on  so m e  o f  
Tara's recent ex p ed itio n s.

NORTHEAST

Barents Sea,

The route taken by the 
current Tara Oceans 
Polar Circle expedition

W h at is th e  p u rp o se  o f  y o u r  Arctic ex p e d it io n ?

The current mission, Tara Oceans Polar Circle, is taking samples 
o f m arine life. We are trying to understand how  ice m elt and an 
acidifying Arctic ocean are affecting the m icroscopic plankton 
ecosystem and the higher echelons o f the m arine food web.

Once the ice pack melts in the spring, the extra sunlight falling 
on the ocean triggers an algal bloom . For the past 20 years, the 
m elting season in  the A rctic has begun two days earlier every 
year. The question is: is the b loom  now  occurring  too soon in 
the spring, before the anim als w hich  feed on these algae are 
mature? If so, these animals could starve or show stunted growth, 
in tu rn  depriving species h igher in the food chain of adequate 
sustenance.

A nother factor w hich m ay be affecting the Arctic food web is 
that, for each of the past 10 years, the extent of sum m er sea ice 
cover has been consistently lower than prior to 2003.

Can y o u  w a lk  us th ro u g h  th e  v o y a g e ?

D uring the six-m onth expedition, Tara is stopping alm ost every 
day to take extensive m easures and sam ples. In July, the crew  
established a first sam pling station on the edge of the ice in  the 
Kara Sea, just before Cape Tchelyouskine (Russia).

A nother sampling station was established in August above the 
slope separating the Laptev Sea from  the Nansen Basin (Russia). 
The waters here are particularly deep, w ith the seabed dropping 
from  less than 100 m  on the continental shelf to about 2 500 m. 
The zone can only be accessed in  sum m er by boat. Here, the 
scientists took water samples at three different depths to test for 
the presence of plankton: 300 m , 20 m  and at the surface. In the 
Nansen Basin at a depth of 300 m ,you find warm saltwater masses 
transported by the G ulf Stream from  the Atlantic to the Arctic.



■ A World o'

We also found  freshw ater in  the ocean during  m uch  of the 
ship 's crossing o f the L aptev and  E ast S iberian  Seas b u t for 
different reasons. M any large Siberian rivers, like the Lena River, 
flow across this area into the central Arctic, bringing nutrients 
and w arm th in the sum m er which contribute to plankton growth.

We set up our third sam pling station in the East Siberian Sea, 
in  very shallow w ater less than  25 m  deep tha t was chosen for 
its low  salinity and w arm er tem peratures -  m ore than  1.4°C. 
This w ater showed a h igh content o f sedim ents and coloured, 
dissolved organic matter, confirm ing the heavy influence of fresh 
river water.

The crew then passed Wrangel Island, w hich separates the East 
Siberian Sea from  the Chukchi Sea. It has the richest biodiversity 
in  the no rth ern  Arctic, w ith  100 000 w alruses from  the Pacific 
Ocean and hundreds of polar bears gathering there, among other 
species. W rangel Island was also the last refuge of the w oolly 
m am m oths about 4 000 years ago. This jewel o f biodiversity was 
inscribed on UNESCO’s W orld Heritage List in 2004.

O ff W rangel Island on 9 S eptem ber at precisely m idnigh t, 
the GPS arrived at 180° East then suddenly began to count the 
m inutes backwards: 179° 59' West, 179° 58' West. It was then that 
we knew  Tara had  changed time zones and that the crew would 
be experiencing 9 Septem ber twice!

Next, in the C hukchi Sea, the scientists on board  took w ater 
samples from  the surface and 40 m  beneath the surface, bo th  on 
the edge of the ice. The first sam ples revealed rich  planktonic 
life, w ith  lots o f seaweed. The crew  captured  large quantities 
of Nichtia, very long, th in  diatom s (m icroalgae), as well as Sea 
Angels, so-nam ed because they float gracefully in the ocean.

Later the same m onth , the team  spotted some walruses and a 
solitary m ale polar bear w hile taking samples from  an ice floe 
in  the B eaufort Sea betw een Pevek (Russia) and  Tara’s nex t 
destination, Tuktoyaktuk (Canada). The bear clim bed onto the 
ice after probably sw im m ing several kilom etres -  
polar bears are great swimmers and can cover 
up to 120 km  at a stretch.

Tara’s next scientific objective will be 
to explore the waters o f the Beaufort 
Sea and those of Barrow  Canyon, 
lo c a te d  o ffsh o re  fro m  P o in t 
Barrow, the northernm ost tip of 
the USA. The deeper layers of 
this ‘small’ sea (450 000 km 2) 
co m e  fro m  th e  N o r th  
A tlantic and  are therefore 
particularly  interesting for 
our scientists on land.

T h is  w ill ta k e  Tara 
one  step  c lo se r to  th e  
N orthw est Passage, w hich 
w ill th e n  tak e  Tara to 
G reenland. The schooner 
is expected  to lay anchor 
in  Ilulissat on 15 O ctober

before sailing to Q uebec on 10 Novem ber then on to the French 
island of St P ierre-et-M iquelon  on 20 N ovem ber. If  all goes 
according to plan, Tara should reach Lorient by 6 December.

The crew is now engaged in  a race against time, as it m ust sail 
n o rth  along the N orthw est Passage before thickening ice floes 
block the passage in  the autum n.

H ow  did y o u r first Arctic ex p e d it io n  
d iffer  from  th is  o n e?

W hereas, this time, we have tried to sail around the sea ice pack, 
during our previous Arctic expedition from  Septem ber 2006 to 
February  2008, we deliberately let Tara d rift across the A rctic 
Ocean until it becam e encased in  frozen sea ice.

W hile  th e  vessel w as trap p ed , th e  sc ien tis ts  on  b o a rd  
docum ented how  m uch heat was being exchanged at an altitude 
of 1000 m  above the sea ice, using a tethered balloon, as well as 
th rough  the ice itself. They did the sam e in  the ocean, using a 
device called a CTD that was daily lowered down to 3 000 m  by 
a w inch. The instrum ents on board  provided by the Damocles 
program m e of the European U nion confirm ed that heat travels 
to the Arctic from the south. These ocean currents and w inds are 
noticeably w arm er than before, a phenom enon w hich is largely 
responsible for the reduction in  sea ice extent and thickness being 
observed in  the Arctic. Sea ice is th inning quite significantly no t 
only because the sum m er is lasting longer bu t also because the 
w inters are milder, producing less thick ice.

To our surprise , we discovered tha t Tara had  d rifted  twice 
as fast as the predictions m ade by the m ost up-to-date models: 
10 km  per day on average, m ainly due to w ind patterns and to 
the th inning ice cover. We m ade this inform ation public, via the 
blogging done by our on-board journalist, to show the public just 
how  far short o f reality our knowledge fell.

D idn't o n e  ex p ed it io n  last 
m ore th an  t w o  years?

Yes, Tara set sail from the French port of Lorient in 
Septem ber 2009, w ith  scientists on board  from  

the  F rench  N atio n a l C en tre  fo r Scientific 
Research (CNRS), the European M olecular 

Biology L aboratory and o ther labs. They 
collected p lank ton  and environm ental 

data from  154 different sites and three 
depths around  the w orld during the 

115 000-km  voyage, w hich ended 
in  M arch 2012.

Findings from  this expedition 
are now  being published and 
the bulk of the data are being 
m ade available to the public. 
The m ain  objective of this 
quest was n o t so m uch  to 
discover w hat lives in  the 
w orld’s oceans b u t ra ther 
how  these species behave,
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I The various Tara expeditions since 2004. The green route 
corresponds to the voyage betw een 2009 and 2012.

w hether this carbon pum p is still as effective as we th ink  and 
w hat fate m ight lie in  store for plankton as the oceans w arm  and 
acidify. You can im agine the quantity  o f physico-chem ical data 
that accom panies the 30 000 samples we gathered. It will take us 
years to sequence genomes and digest this massive dataset -  bu t 
w hat are a few years in  the h isto ry  of science!

H as a n e w  sp ec ie s  really b een  n am ed  a fter  Tara?

Yes, in  2011, D r F rancesca  B enzon i d e sc rib ed  th is new  
shallow -w ater coral species w hile partic ip a tin g  in  the Tara 
O ceans expedition. It was discovered in  the G am bier Islands 
in F rench Polynesia. T he species is n e ither rare, n o r hard  to 
detect underw ater, thanks to its b righ t colours, yet it had  never 
been described before. This just goes to show how  little we still 
know  about the diversity  o f corals, despite all th a t has been 
w ritten  about them . It also shows that scientific expeditions to 
rem ote locations still have a contribution to make to taxonomy. 
T he d is tribu tion  of Echinophyllia tarae sp. n. has since been 
en tered  in OBIS. In fact, it was one o f ten new  coral species 
discovered during that expedition, mainly in  the Gambier Islands.

H ow  are sc ien tis ts  se le c te d  for  a Tara ex p e d itio n ?

The Tara expeditions are generally the result o f a bo ttom -up  
process, w ith  scientists from  all disciplines and origins com ing 
to g e th e r to tackle a sc ien tific  q u e ry  w ith  th e  Tara team . 
The laboratories involved propose their students and researchers, 
w ho then  jo in  the expedition along p a rt o f the route taken by
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I The colourful reef-building coral species named after Tara, 
Echinophyllia tarae sp. n.
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Tara. This approach  only w orks if  you have a robust team  of 
engineers like those from  the CNRS to m ake sure the highest- 
quality data are collected.

H ow  lo n g  h as Tara b een  trave llin g  th e  o cea n s?

The schooner was bu ilt in  1989 to cross the A rctic by drifting 
in the frozen sea ice b u t she didn’t actually see her first A rctic 
crossing un til 2008, as Tara. She is also know n in France and 
in the English-speaking world, thanks to her prestigious owner 
Sir P eter Blake, a renow ned  N ew  Z ea land  sailor w ho was 
com m itted to building environm ental awareness. He was killed 
tragically in the Am azon in  2001 after trying to defend his m en 
from  thieves who had  boarded the schooner.

O ver the past two decades, Tara has sailed 400 000 nautical 
miles. H er original m ission of public outreach has no t changed 
bu t we have added a scientific focus. Based on this experience, 
Tara Expeditions has decided to bring its network and knowledge 
into the policy debate on high seas governance w ith the launch 
o f the Paris Appeal fo r  the High Seas in April this year. The basic 
m essage is th a t the h igh  seas belong to no -one and  m ust be 
managed in the interests o f the public good, as a shared com m on 
heritage for all humanity. By mid-September, about 10 000 people 
had  signed the appea l,10 w hich  we launched  together w ith  
the E conom ic, Social and  E nv ironm enta l C ouncil, a French 
parliam entary body. More than 70 French parliam entarians from 
bo th  houses have signed it so far.

H ow  d o  y o u  c o n v e y  y o u r fin d in g s  t o  th e  public?

We share developm ents on each expedition via daily videos and 
a ship’s log tha t can be followed online. O nce the expedition is 
over, we take the m ost comprehensive findings from  the articles 
published by the scientists w ho travel on Tara and share them  
w ith  ou r followers; these include children , th ro u g h  the Tara 
Junior program m e for classrooms.

C o m m u n ic a t io n  is th e  h a rd e s t  n u t to  c ra c k  in  o u r 
m u lticu ltu ra l, m u ltilingua l w orld . To reach  o u t to as m any 
people  as possib le and  show  ju s t how  w ild  and  fragile the 
oceans are, we share our adventures w ith  the public th rough  
docum entaries, festivals, television and  web television, radio, 
social netw orks, exhibitions, books, the Tara Journal and so on.

W h at d o  y o u  e x p e c t  from  UNESCO?

O ur partnersh ip  w ith  UNESCO is a great opportun ity  to take 
Tara’s messages to a broader audience. It will also speed up the 
connections between the scientific w ork done in the laboratories 
and the OBIS database.

The IOC is helping us to m ake the m ost o f our collaboration 
w ith  its M em ber States. I believe we have all it takes to build  
up a small bu t strong capacity-building program m e on m arine 
biology with these states. We plan to subm it a proposal to existing 
funding program m es, as I can see that, in multilateral gatherings, 
everyone talks about capacity-building bu t w ithout proposing 
clearly how  to go about it.

Interview by 
Susan Schneegans

For details: www.taraexpeditions.org;tarajunior.org

10 See: www.lahautemer.org

http://www.lahautemer.org


C ape Horn is t h e  so u th e r n m o st  b io sp h e r e  re se rv e  in th e  w o r ld . 
Located  ju st 1 000  km north  o f  A ntarctica in th e  C hilean A ntarctic  
Province, th is sp arse ly  p op u la ted  arch ipelago  is a unique patchw ork  
o f  m ou n ta in s, fiords, islands, glaciers, fo rests  and m oorlands. O ne o f  
th e  p lanet's last w ild er n e sses , it is a lso  ex trem ely  fragile.

View from  Navarino Island o f the Beagle Channel, 
named after the vessel in which D arwin travelled 
to Chile in the 1830s. High Andean cushion plants 
and scattered carpets o f mosses cover the stony 
foreground. In the distance lies the Argentinian 
part o f Tierra del Fnego.

Since becom ing a b iosphere reserve in 2005, Cape Horn has sh ow n  rem arkable in gen uity  in tackling threats to  its 
pristine en v iron m en t w hich  range from  retreating g laciers to  in vasive sp ec ies , m ass tourism  and th e  ex tin ction  
o f  in d ig en o u s la n g u a g e s  th a t h ave thrived  for 7 000  years. O ne n ovel idea has b een  to  p ack age tours o f  th e  
region's m iniature fo rests  to  stim u la te  su sta in ab le  tourism  and teach  y o u n g  and old  a b o u t a w orld  th a t g ro w s  
barely ta ller than  their fingernail.

In April 2007, park rangers patrolling the Magallanes subantarctic 
ecoregion ju s t n o rth  o f C ape H orn  B iosphere R eserve w ere 
astounded to discover that a four-hectare glacial lake they had  
visited a m onth  earlier had  completely disappeared. Glaciologist 
A ndres Rivera from  Chile’s Centre for Scientific Studies (CECS) 
im m ediately travelled to the isolated area to ascertain w hat had 
happened to the water. He noticed signs that melting glaciers had 
p u t pressure on the wall o f ice w hich, by acting as a dam , had 
allowed the lake to form. W hen the pressure becam e too great, 
the wall would have given way, sending water cascading through 
the breach. The m om en tum  o f the rush ing  w ater w ould have 
then em ptied the lake into a nearby fiord.

This tale is sym ptom atic o f a w ider phenom enon . W arm er 
tem peratures are causing glaciers to melt, a process exacerbated 
by the increase in precipitation falling as rain  ra ther than snow. 
A ccording to the CECS, alm ost 90% of the 100 glaciers being 
m onito red  in  the Patagonian lee Fields are in  retreat. Shared 
by A rgentina and Chile, the Patagonian lee Fields cover about 
14 000 km 2 and  are the w orld’s th ird-biggest frozen landm ass 
after A ntarctica and Greenland. In 2011, the CECS released more 
than 1 400 time-lapse photos showing that Jorge M ontt Glacier in 
the Southern Patagonian lee Field had  retreated by alm ost 1 km  
betw een February 2010 and January 2011. H istorical photos of 
the sam e site show that the glacier had  only retreated  by about 
20 km  over the entire previous century, w ith m ost of this retreat 
taking place in the 1990s.

The rapid rate of glacier melt is raising sea level and producing 
a large num ber o f icebergs. Tourists flock to the fiords to observe 
these floating  g iants. If the glaciers re trea t too far, though , 
icebergs w ill cease to carve off in to  the fiords, e lim inating  a 
precious reservoir o f freshwater and one of the region’s biggest 
tourist attractions.

One of the last wildernesses on Earth

Cape H orn  Biosphere Reserve straddles the C hilean A ntarctic 
P ro v in ce  an d  so u th w e s te rn  T ie rra  del Fuego P ro v in ce . 
T ie rra  del Fuego m eans lite ra lly  F an d  o f Fire, a reference  
to the fires m ade  by the Fuegian  ind igenous peop le  w hich  
captivated Portuguese explorer F erd inand  M agellan w hen he 
came across the area in 1520. The biosphere reserve protects the 
austral archipelago south of T ierra del Fuego in  the M agellanic 
subantarctic ecoregion, one of the 24 m ost pristine wildernesses 
in  the world.

The biosphere reserve is covered by evergreen and deciduous 
fo rest, d o m in a ted  by  th e  en d em ic  so u th e rn  b eech  trees, 
N othofagns betuloides (evergreen) and  N othofagns pum ilio  
(deciduous). Cape H orn  is hom e to the w orld’s sou thernm ost 
forests. Part o f the South A m erican tem perate forest biom e, they 
represent the largest expanse of tem perate forest in the Southern 
H em isphere, w ith  13.6 m illion hectares in  Chile and 2 m illion 
hectares in  Argentina.
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HORIZONS

Darwin's encounter w ith the 
Amerindians of Tierra del Fuego

O n the n o r th e rn  coast o f N avarino  Island  lies the capital 
o f th e  C h ilean  A n ta rc tic  P rovince, P u e rto  W illiam s, w ith  
its 2 200 in h ab itan ts . T he p rov ince  ex tends to th e  Sou th  
Pole and  is the least popu la ted  area in  the w orld , w ith  ju s t 
0.000072 inhab itan ts/km 2. A single d ir t road  leads in to  town. 
To get around  the rest o f the b iosphere reserve, you have the 
choice betw een sailing and trekking.

M ost o f the m em bers of the indigenous Yaghan com m unity, 
o r Y am ana, live in  U kika, n ea r P uerto  W illiam s. T hey  can 
lay claim  to being  the so u thernm ost e thn ic  group on E arth . 
O ver 1 000 archaeological sites in  the biosphere reserve testify 
to their presence in the region for m ore than 7 000 years.

The Yaghan and o ther neighbouring  Fuegian A m erind ians 
can also claim  to have insp ired  C harles D arw in’s th eo ry  of 
evolution as concerns our own species. D arw in’s encounter with 
the Fuegian people in Cape H orn  and T ierra del Fuego shook 
his belief in the gulf betw een hum ans and animals. In his diary, 
D arw in described the arrival of the Beagle in Tierra del Fuego on 
17 Decem ber 1832 as follows:

W hile entering  [the Bay of G ood Success], we were 
saluted in  a m anner becom ing the inhabitants o f this 
savage land. A group  of Fuegians partly  concealed 
by the entangled forests was perched on a w ild point 
overhanging the sea; and as we passed by, they sprang 
up and, w aving the ir ta tte red  cloaks, sen t fo r th  a 
loud and sonorous shout. The savages followed the 
ship and just before dark we saw their fire and again 
heard  their w ild cry.... It was w ithout exception the 
m ost curious and interesting spectacle I ever beheld.
I could no t have believed how  wide was the difference 
betw een savage and  civilized m an; it is greater than 
betw een a w ild and dom esticated anim al, inasm uch 
as in  m an there is a greater power of im provem ent.

H  lee and moss in the Patagonian lee Fields

©

I A  Yaghan artisan presents two replicas o f bark canoes she has 
made to sell to tourists.

A lthough  D arw in’s judgm en t o f the Fuegian native people 
is irr ita tin g ly  eu ro cen tric , it is d ifficu lt to im ag ine  how  a 
scientist o f his day w ould ever have arrived at the conclusion 
tha t H omo sapiens belonged to the A nim al K ingdom  and was 
related to other primates, had  he never left the confines of genteel 
19th century English society.

N owadays, m ost Yaghan are engaged in  fishing, handicrafts, 
construction  and ecotourism . B oth  the cultu re  and  language 
o f the native people D arw in  m et in  Cape H orn  and T ierra del 
Fuego are extrem ely endangered; only sm all com m unities o f 
their descendants rem ain and today the Fuegian O na, A lacaluf 
and  Y aghan languages are spoken  fluen tly  by  few er th an  
ten people.



Nine's company, ten's a crowd

If  you  w ere to ask the Yaghan to nam e the  reg io n ’s m ost 
charism atic  b ird , they  w ould  no d oub t op t for the colourful 
Magellanic w oodpecker (Campephilus magellanicus). The largest 
w oodpecker in  South A m erica, this endangered b ird  is a close 
relative o f the extinct im perial w oodpecker (C. imperialis) and 
ivory-b illed  w oodpecker (C. principalis). T here  are at least 
100 b ird  species in the biosphere reserve.

The climate is too cold to appeal to reptiles and amphibians. 
At the height o f sum m er in  January, the air tem perature averages 
ju s t 9.6°C, com pared  to 1.9°C in  the d ep th  o f w inter. Sea 
tem perature varies little th roughout the year, from  5°C to 7°C. 
M arine m am m als flou rish  in these w aters. For thousands of 
years, sea otters have provided the Yaghan w ith fine furs and sea 
lions w ith their m ain source of calories.

T here  are n in e  native te rre s tr ia l m am m al species: th ree  
species o f ro d e n t (E uneom ys chinchilloides, O ligoryzom ys 
longicaudatus and  A brothrix  xanthorhinus); the A ndean  fox 
(Lycaiopex culpaeus), w hich is the largest in  South  A m erica; 
two b a t species (H istiotus m ontanus  and  M yiotis chiloensis); 
the guanaco (Lam a guanicoe), a relative of the camel; and two 
species of otter (Lontra feline and L. provocax).

A ten th  m am m al species is a v is ito r to the reg ion  w hich  
has overstayed its welcome. In the 1940s, 50 N o rth  A m erican 
beavers (Castor canadensis) w ere in troduced  in to  the area by 
the A rgentine governm ent to k icks ta rt a fu r industry . In the 
absence o f p red a to rs , th e ir  n u m b ers  have since sw elled to 
ab o u t 100 000. T hese cudd ly  aquatic  ro d en ts  have invaded  
the endem ic forest, felling trees to m ake dam s on the river. 
T he d e s tru c tio n  is so w idesp read  because  Sou th  A m erican  
trees  do n o t re g e n e ra te , u n lik e  th e ir  N o r th  A m erican  
counterparts.

A hotspot for miniature forests

S ou th  o f N avarino  Island , the  landscape  is d o m in a ted  by 
peatlands, bogs and  evergreen forests. It is here tha t you find  
one of the w orld’s b iodiversity  ho tspo ts -  b u t you  m ay need 
a m agnify ing  glass to spo t it. T he M agellanic suban ta rc tic  
ecoregion rep resen ts less than  0.01% o f the E arth ’s surface 
area b u t hosts m ore than  5% of the p lanet’s know n species of 
bryophyte, ha lf o f w hich are endemic.

Bryophytes are non-vascu lar plants, m eaning that they  lack 
the series of tubes found in  vascular plants such as conifers and 
flow ering plants w hich tran sp o rt w ater and  nu trien ts  over a 
distance. Plants w ithout a vascular system have stunted growth. 
Mosses, lichens and the even simpler liverworts rarely grow more 
than  2 cm  in height. T hey tend  to stick together, form ing lush 
green carpets. As they have no roots, they grow in m oist areas, in 
order to absorb the necessary w ater and nutrients.

A team from  O m ora E thnobotanical Park on Navarino Island 
has inventoried m ore moss (450) and liverw ort (368) species in 
the biosphere reserve than  vascular p lan t species (773), m aking 
the region a h o tspo t for bryoflora. In m ost parts o f the w orld, 
there are about 20 tim es m ore vascular plants than  bryophytes, 
as vascu lar p lan t species are far m ore  com m on w orldw ide 
(300 000) than  bryophyte species (15 000).

A sanctuary for biocultural diversity

After it was founded in 1999, O m ora Ethnobotanical Park became 
increasingly concerned about the threats facing bo th  biodiversity 
and  in d ig en o u s languages and  cu ltu res  in  the  ecoreg ion . 
Scientists from  the research  centre decided th a t a b iosphere 
reserve w ould provide an ideal fram ew ork for the developm ent 
of education, research and long-term  biocultural conservation in 
the ecoregion. They rapidly convinced the authorities and local 
com m unity to support the idea. In collaboration with the regional 
governm ent, an interdisciplinary team from O m ora Park and the 
University o f Magallanes then set about collecting the requisite 
data and  zoning  the fu tu re  b iosphere reserve, inco rpo ra ting  
trad itional ecological know ledge provided by m em bers o f the 
Yaghan community.

U pon its designation by UNESCO in June 2005, Cape H orn 
becam e the largest b iosphere  reserve in  the S ou thern  C one 
of South  A m erica, w ith  a surface area o f 4.9 m illion hectares 
(or 48 843 k m 2), includ ing  ju s t u n d e r 3 m illion  hectares of 
m arine areas.

W ith in  two m o n th s , a B iosphere  R eserve M anagem en t 
Com m ittee had  been set up. Chaired by the G overnm ent o f the 
M agallanes Region, the com m ittee also com prises the Chilean 
A ntarctic Province Governm ent, the M unicipality o f Cape H orn

I The colourful 
Magellanic 
woodpecker
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HORIZONS

I Left, a boy fondles his pet beaver and (right) the less appealing side o f this invasive species, a valley on Navarino Island after a couple 
o f beavers have finished doing some ecosystem engineering

and the Chilean Navy. The scientific com m ittee chaired by the 
O m ora E thnobotanical Park fulfils an advisory role bu t does no t 
have the right to vote.

O m ora Park’s strategy is to b lend in terdiscip linary  scientific 
research  w ith  educational p rogram m es and the p rom otion  of 
sustainable tourism.

Researchers and graduate students from  the centre are also 
collaborating with the Livestock and Agriculture Service and the 
regional government on a program m e to control invasive species, 
including the m ink  (Neovison vison) and w ild pigs and dogs. 
In 2008, O m ora Park collaborated with the regional government 
on a feasibility study for the eradication of all 100 000 beavers 
from  the b iosphere reserve over several years. No decision

has yet been m ade as to w hether to go ahead w ith the project. 
In the meantim e, Argentina and Chile are using traps and other 
m ethods to control the beaver population.

Extending the tourist season 
beyond the summer

O m ora Park  runs a lo n g -te rm  b ird  m o n ito rin g  p rogram m e. 
Scientists study m igra to ry  patterns and  b ird  ecology w ith in  a 
program m e w hich also registers indigenous Yaghan knowledge. 
T hey have also helped local tou r operators to in troduce  b ird- 
w atching tours and design cruise itineraries w hich m im ic the 
m aritim e route D arw in followed in Cape H orn 180 years ago.

Taking a closer look 
at liverworts, mosses 
and lichens on the 
trail o f Omora Park’s 
miniature forests



The cruises and birdwatching can only take place in  sum mer, 
however. A team of scientists, philosophers and artists have come 
up w ith  an innovative alternative w hich appeals to tourists all 
year round . Partic ipating  tou r operators send their clients to 
explore the ‘M iniature Forests o f Cape H orn’ in the interpretive 
trails o f O m ora E thnobotan ical Park. The visitors are given a 
m agnify ing  glass to help them  observe the in trica te  beau ty  
and  diversity o f the tiny  lichens, m osses, m ushroom s, insects 
and o ther invertebrates they  w ould usually w alk past w ithout 
noticing . Signs placed along the trail provide in fo rm ation  on 
the ecology of each bryophyte and other p lant species in  several 
languages, including Yaghan.

The first science education 
programme for preschoolers

T he visit to the m in ia tu re  forests has even been  adap ted  to 
young children, w ith in  the first science education program m e 
for preschoolers. The Small Explorers o f Cape H orn M iniature 
Forests tour is supported by the Chilean National Commission for 
Scientific and Technological Research (CONICYT). A dictionary 
for children has also been developed tha t incorporates Yaghan 
ecological knowledge.

C ourses on bryophytes, Yaghan ecological know ledge and 
Yaghan language and culture have also been introduced at Puerto 
W illiams School.

The team  at O m ora Park has also designed the first graduate 
p rog ram m e in Patagonia, toge ther w ith  the U niversity  o f 
Magallanes. Graduate students work with mem bers of the Yaghan 
community, local schools and tour operators to integrate ecological 
sciences and environmental ethics into biocultural conservation.

Strength in numbers

By p o o ling  its experience w ith  o th er research  centres and  
b io sphere  reserves in  the A m ericas, in c lud ing  the C harles 
D arw in  Station in the G alapagos B iosphere Reserve, O m ora 
Park has becom e part o f a dynam ic netw ork which is using new  
scientific knowledge to develop sustainable tourism  and enrich 
school and university curricula.

The centre participated  in  the creation of the Chilean Long- 
Term  Socio-Ecological R esearch N etw ork  in  2008, financed  
by CONICYT, w hich  has allied science and  tou rism  at o ther 
C hilean sites, including the Fray Jorge B iosphere Reserve and 
C hiloe N ationa l Park. O m ora  P ark  also partic ipa tes in  the 
M illenn ium  Scientific In itiative coo rd inated  by the C hilean 
Institu te  o f E cology and Biodiversity, w hich  brings together 
researchers from  the U niversities o f M agallanes, C oncepción 
and  La Serena, as w ell as the Pontifical C atho lic  U niversity  
of Chile.

M ore recently, O m ora Park has established a Subantarctic 
B iocultural C onservation  P rogram m e in partnersh ip  w ith  the 
University of N orth Texas (USA), w hich hosts the world’s leading 
centre in  environm ental ethics.

Ricardo Rozzi11, Elke Schüttler12

11 Department o f Philosophy and Religion Studies, University o f North 
Texas, USA

12 Department o f Conservation Biology, Helmholtz Centre fo r Environmental 
Research, Germany

OHOW PAFK

I The Cape Horn Biosphere Reserve. The core zone (dark green) is dedicated to strict preservation; in buffer zones on land (bright 
pink) and in the ocean (pale pink), sustainable, low-impact activities like ecotourism are permitted; in the transition areas on land 
(bright yellow) and in the ocean (pale yellow), higher impact activities are allowed, including the construction o f infrastructure.
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À garden 
in the desert

HORIZONS

There are s ig n s  th a t  v e g e ta t io n  is recoverin g  in so m e  parts o f  Qatar, a 
UNESCO su rvey  has fou n d , but m ost d esert ran geland s and coasta l areas 
rem ain in p oor con d ition . Camel farm ing could  be a w a y  to  restore th e se  
ran geland s, by p reven tin g  overgrazin g .

V egeta tion  ec o lo g is t  B enno Böer from  UNESCO's D oha o ffice  cam e to  th is  
con clusion  a fter  criss-crossing th e  sm all Gulf s ta te  for six  m on th s b e tw e en  
D ecem ber 2012 and M ay 2013.

Avicennia m arina mangroves thrive 
in Al-Khor in northeast Qatar.
These mangroves once provided key 
fodder fo r  camels in prolonged droughts. 
Q atar’s mangroves are generally in good 
condition, although some habitat in 
AI Wakra and Umm Saeed has been 
lost to coastal development.

D r Böer is UNESCO’s Ecological Sciences Advisor for the Arab 
Region. Ele travelled around Q atar to assist Pergola Contracting 
and Greenhouses, a Q atari com pany specializing in  landscaping 
and construction, in collecting and breeding a maximum of native 
p lant species. Benno Böer was assisted in this task by UNESCO 
in te rn  C h an th y  H uo t, a h o rtic u ltu ra lis t fro m  C am bod ia , 
UNESCO  volunteer Patricia Bannier, a geographer from  the 
N etherlands who compiled the species distribution maps, and by 
M ark Sutcliffe, a UNESCO Project Officer from  the UK.

W hereas UNESCO’s interest was purely scientific, the Q atari 
com pany had  a m ore practical m otivation, the quest for Q atari 
p lants for gardens and  green spaces in Q atar’s cities. The two 
partners shared the same overarching goal, however, to contribute 
to the ex situ conservation of indigenous and native plant species. 
Article 9 o f the Convention on Biological Diversity is devoted to 
ex situ  conservation. Reducing biodiversity loss also happens to 
be one of the targets o f the M illennium  D evelopm ent G oal of 
environm ental sustainability.

T he survey  m apped  at least 164 p lan t species ou t o f the 
alm ost 400 species recorded so far in Qatar. The geographical 
location of each native p lant species collected was recorded by 
the UNESCO  team , to ensure tha t they could be revisited by s
botan ists, horticu ltu rists , landscape architects, p lan t-breeders o
and others in the future. I

ôU
Encroaching urbanization ¡

©

It ra ins m ain ly  in  w in ter in  Q atar, a lthough  the co un try  did 
w itness heavy dow npours th is year in the spring  m on ths of

A pril and May. W ith  the exception o f a few tem porary  wadis, 
the only sources of w ater are fossil groundw ater and the w ater 
recovered from  desalination plants. Just 2.5% of the territo ry  is

I S ta ff from  Pergola and UNESCO collecting wild seeds and cuttings 
during the survey. On the right is a Sidr tree (Ziziphus num m ularia).
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devoted to agriculture, w ith  som e Q ataris also raising camels, 
goats and sheep.

M any of the areas visited by the survey team  w ere in  very 
poor condition, dom inated by thorny, salt-tolerant (halophytic), 
or poisonous p lant species. The team  found only small num bers 
o f edible species, ow ing to the com bination  of a hyper-arid  
climate w ith long-term  overgrazing, groundw ater depletion and 
urban encroachm ent.

‘C oastal developm ent and urban encroachm ent into natural 
ecosystem s have caused serious hab ita t loss,’ observes Böer. 
Between 2004 and 2010, Q atar’s population  grew  by 128%, to
1.7 m illion , according to the Q atar Statistics A uthority , w ith  
im m ig ran t w orkers m aking  up about tw o-th irds o f the total 
population. Over the same period, the num ber o f houses doubled 
in  Qatar, while apartm ents jum ped  by 146%.

Overgrazing has decimated 
desert plants

‘In desert rangelands,’lam ents Böer,‘plants have been decim ated 
by decades of overgrazing by camels, goats and sheep’. This has 
prevented the rejuvenation of palatable species like Acacia trees 
and  allowed opportun istic  thorny, toxic and  halophytic p lan t 
species to proliferate.

‘Some areas w hich have banned  livestock have show n good 
signs of recovery,’he adds. In the area to the west of the D ukhan- 
U m m  Bab Highway, for instance, palatable Panicum turgidum  
grasses flourish and, betw een Shahaniyah and Rawdat al Farras, 
the absence of grazing livestock has enabled a good rejuvenation 
of Acacia trees.

Finding the right balance

Camels contribute greatly to the health o f desert ecosystems by 
redistributing nutrients through their faeces.. Perfectly adapted 
to arid environm ents, they cause m uch less dam age to the soil 
and vegetation than sheep or goats. They also continue to be an 
im portan t source of meat, m ilk, wool and other products in  the 
Arabian Peninsula.

C am els are also p a r t  o f th e  reg io n ’s cu ltu ra l heritage . 
For thousands of years, B edouins and  the ir camels lived in  a 
harm onious, sym biotic relationship w ith  their environm ent. In 
antiquity, the Arabian Peninsula was an im portant route for trade 
w ith  India and Abyssinia, m odern  Ethiopia. Bedouins travelled 
th ro u g h  the d esert in  caravans, or cam el tra in s , to p ro tec t 
themselves and their m erchandise from  attack by bandits.

T he survey helped scientists to estim ate the r igh t balance 
betw een  range land  vegeta tion  and  g razing  cam els, so tha t 
camels can be reintroduced in  sustainable numbers. This will no t 
only enhance biodiversity conservation b u t also reduce w ind- 
bo rn  soil erosion and, w ith  it, the am oun t o f dust particles in 
the atmosphere.

More vegetation will 
mean more wildlife

‘Once the vegetation cover exceeds 8% of the soil, there is basically 
no m ore erosion,’ says Böer. ‘Currently, we have less than 1% in 
m ost places. B etter vegetation cover w ill m ake the rangelands 
m o re  p ro d u c tiv e  and , by  p ro v id in g  fo o d  fo r h erb ivo res ,

Khar

Zei

AI W a h l

kleinii

i  *

I Sites from  which plant samples were taken (green dots) 
during the survey. Towns are shaded in grey and the A l Reem  
Biosphere Reserve is in yellow.

I Lycium shawii bushes after winter rains in an area where 
grazing is banned
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Halopeplis perfoliata grows in the salt marshes between the sea and the dimes. 
It is one o f the most salt-tolerant plants in the Gulf.

Calotropis procera is a poisonous 
plant when fresh but its leaves can 
be consumed by livestock once they 
have dried.

The beach lavender L im onium  axillare occurs 
on the landward side o f the mangroves and 
salt marshes.This Leptadenia 

pyrotechnica is 
showing clear signs o f 
soil erosion. Its roots 
should not be visible 
above the surface.

This Acacia tortilis tree 
is over 125 years old.
It m ay have been shaped 
by the north-northwesterly 
Shamal winds which blow 
here in the D ukhan heights 
in the southwest. In this part 
o f Qatar, there is less than 
1 % vegetation cover.

Edible fru its  o f the Sidr 
tree, Z. num m ularia

A  previously unrecorded species 
discovered during the survey, 
Tetraena mandavillei, in the red 
sands o f southern Qatar

30 A WtJfld o f  SCIE , Vol. 11, No. 4  October-December 2013



Palm trees are rare in Qatar. These specimens o f Phoenix 
dactylifera grow in western Qatar in Umm Bab.

Rumex vesicarius can 
be eaten as a salad.

w ill allow for the contro lled  re -in tro d u c tio n  of captive-bred 
species that are either rare or extinct locally.’

T his inc ludes flagsh ip  co n serva tion  species, such  as the 
desert hare  (Lepas capensis), sp iny-ta iled  lizard  ( Uromastix 
aegyptiaca), various species o f gazelle (Gazella spp.) and  the 
houbara  b usta rd  (Chlam ydotis macqueenii), a m ig ra to ry  b ird  
that is of great im portance for the Arab art o f falconry. Protected 
by U N ESC O ’s C onvention for the Safeguarding o f Intangible 
C ultural H eritage, this ancestral a rt has great poten tial for the 
developm ent o f recrea tional, pho to g rap h ic  and  educational 
ou tdoor tourism .

In the n o rthw est, the  A rab ian  O ryx  (O ryx leucoryx) and 
various species o f gazelle are be ing  b red  in  captiv ity  in  the 
country’s only biosphere reserve, designated by UNESCO in 2007. 
AÍ Reem Biosphere Reserve sports some of the m ost interesting 
landscapes o f the Q atar peninsula. S tretching over 1 100 km 2, 
it occupies about 10% of Q atari territory. The biosphere reserve 
combines desert landscapes w ith a long coastline. The limestone 
cliffs extending from  Zekreet to Ras A brouq are unparalleled in 
the country.

T he surveyors found  th a t the m ain  p lan t species in  the 
biosphere reserve were similar to those found elsewhere in Qatar. 
In addition to the Acacia tree (Acacia tortilis), Lycium shawii and 
Lim onium  axillare grow there, as well as Senna italica, HalopepHs 
perfoliata and Panicum turgidum  grasses.

There are plants growing in the biosphere reserve and beyond 
w hich  are perfectly  palatab le  for cam els, o ryx  and  gazelles, 
in c lu d in g  R han terium  epapposum , P anicum  turgidum  and 
Pennisetum  divisim . These native species do n o t need  m uch  
irrigation  water, as studies by the Kuwait Institute o f Scientific 
Research have shown, unlike the thirsty alfalfa plant and Rhodes 
grass, com m only used as fodder for livestock.

‘D uring our tim e in the biosphere reserve, we did no t observe 
any camels. This is a positive sign, as their absence will allow 
the vegetation and habitat structure to recover’, says Boër, before 
adding that ’we did see large num bers of grazing sheep and goats, 
however.’

Towards camel farming?

UNESCO’s Doha Office developed a proposal in 2007 to establish 
camel farm s,13 in order to reduce the num ber of camels on desert 
rangelands and thereby com bat desertification. The idea was to 
encourage camel owners to transfer p art o f their growing herds 
from  degraded  rangelands to farm s geared to feeding camels 
w ith native desert plants. The herdsm en w ould benefit from  the 
scheme, since each farm w ould be able to produce a large volume 
of comm ercial products.

These farm s could be tested in  AÍ Reem Biosphere Reserve, 
w ith in  a w ider m anagem ent p lan to restore p lan t species and 
soils. O nce the flora and  vegeta tion  had  been  resto red , the 
b iosphere  reserve w ould  then  be able to re -in tro d u ce  oryx, 
gazelles and other anim als into the wild.

Mark Sutcliffe14 and Bonnie James15

For details: b.boer@unesco.org; 
www.unesco.org/new/en/doha/naturaI-sciences/

13 See: www.wiesco.org/iiew/uploads/media/1he_Camel_From  
Tradition_To_Modern_Times.pdf

14 Project Officer in UNESCO’s Doha office

15 Deputy News Editor o f  the Gulf Times, Qatar
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Diary
30 S ep te m b er  -  4  O ctob er  
IHP Southeast Asia 
and Pacific
Steering committee, during 
Inti Forum on Water Cooperation 
and World Water Forum,
Nakdong River Inti Water Week. Gyeongju 
City (Rep. Korea): 
s.khan@unesco.org 
www.nariiww.com

2 - 5  O ctob er  
Science communication
School organized by UNESCO Venice 
Office during 1st regional conf. on science 
promotion. Belgrade (Serbia): 
m.scalet@unesco.org; 
r.santesso@unesco.org

3 O ctob er
Renewable energy in the 
service o f humanity
40th anniversary of inti project on 
The Sun in the Service of Humanity. 
Traces industrial development 
since. UNESCO, ADEME, CNRS,
French Perm Del to UNESCO.
Room II, 6 pm. UNESCO Paris: 
o.benchikh@unesco.org

2 4 - 2 6  O ctob er
Biosphere reserve 
partnerships for a 
green econom y
Southeast Asia Biosphere Reserve 
Network. UNESCO Jakarta, Philippines 
Nat. Comm. For UNESCO Palawan 
Biosphere Reserve (Philippines): 
s.khan@unesco.org

2 8 -3 1  O ctob er  
Seismicity and earthquake 
engineering
in the extended Mediterranean region. 
33rd inti workshop cosponsored by 
UNESCO and USGS: 70 senior scientists 
from 20 countries expected. Sessions 
on data exchange, seismotectonics, etc. 
Malaga (Spain): j.torres@unesco.org; 
http://tinyurl.com/seismo-meeting-europe

2 9 - 3 0  O ctob er  
Blue carbon
Scientific workshop of Inti Blue 
Carbon Initiative. UNESCO-IOC and 
Conservation Intl. On remote sensing and 
mapping of wetlands. UNESCO Paris: 
jl.valdes@unesco.org

2 9 -3 1  O ctob er  
Youth and social inclusion
Civic engagement, dialogue and skills 
development. 8th youth forum. UNESCO 
Paris: www.unesco.org/new/en/youth- 
forum-2013; m.goucha@unesco.org; 
m.kypriotou@unesco.org

5 - 7  N o v em b er  
The role o f African 
universities in enhancing 
STI capacity
In response to emerging industrial and 
socio-economic needs. 5th African 
Regional Conf. of Vice-Chancellors 
and Deans of Science, Engineering and 
Technology. With German Exchange 
and ANSTI. University of Botswana, 
Gabarone: p.oti-boateng@unesco.org; 
www.ansti.org

10 N o v em b er
World Science Day For Peace 
and Development:
www. unesco. org/science/pcb

1 1 -1 3  N o v em b er  
Ecohydrology: sustainable 
m anagem ent for a 
sustainable world
1st Congress on ecohydrology in 
Latin America. UNESCO, Govt. Chile, 
University of Santiago,etc (Chile): 
zmay@unesco.org. uy; 
www.celacphi2013.cl

18 N o v em b er
Ocean acidification: the other 
C02 problem
Side event during COP 19,
11-22 November. UNESCO-IOC, 
with IAEA, SCOR, Plymouth Marine 
Laboratory, WMO. Warsaw (Poland): 
jl.valdes@unesco.org

2 0 - 2 2  N o v em b er  
Impact o f global climate 
change
On snow, glaciers and water resources in 
the Andes. Expert workshop. UNESCO, 
ACCIÓN, CONDESAN. Quito (Ecuador): 
a.mishra@unesco.org

2 4 -2 7  N o v em b er
Science for global sustainable 
developm ent
6th World Science Forum. Govt of Brazil, 
UNESCO, Brazilian and Hungarian 
Academies of Science, with ICSU, AAAS,

EASAC. Rio de Janeiro (Brazil): 
www.sciforum.hu;l.brito@unesco.org

25 N o v em b er  
Applying ocean sciences 
and know ledge for societal 
benefit
Demands after Rio+20. UNESCO-IOC 
roundtable during World Science Forum 
(see previous entry). Rio de Janeiro 
(5:30 pm): jl.valdes@unesco.org

2 - 1 3  D ecem b er  
Ecohydrology under climate 
change
23rd UNESCO-IHP training course for 
South Asia on river basin management. 
UNESCO co-organizer. Held along Kizu 
River and at Disaster Prevention Research 
Institute, Kyoto University (Japan): 
s.khan@unesco.org; 
www.ihpnagoyaforum.org

9 - 1 3  D ecem b er  
IndiSeas II
Hosted by UNESCO-IOC. IndiSeas 
evaluates the effects of fishing on the health 
of marine ecosystems. IndiSeas is cofunded 
by UNESCO-IOC, European Network of 
Excellence Euroceans, French IRD and 
European MEECE project. UNESCO Paris: 
Valdes: jl.valdes@unesco.org

9 - 1 4  D ecem b er  
2nd IPBES plenary
UN partners: UNEP, UNDP, UNESCO, 
FAO. Antalya (Turkey): 
www.ipbes.net/plenary;s.arico@unesco.org

New releases
In tern ation a l G lossary  o f  H yd ro logy
3rd edition, prepared by UNESCO/WMO Standing Committee 
on Terminology, Multilingual in English, French, Russian and 
Spanish, 144 pp.
Agreed terminology is essential for communication, shared 
research and joint action, especially at the international level.
Hence the need for this glossary, which succeeds the first (1974) 
and second (1992) editions. Download: 
http://unesdoc.unesco.org/images/0022/002218/221862M.pdf

W orld M ap o f  B iosp h ere R eserves
Produced by UNESCO-MAB with support o f German, Austrian, Swiss and 
Luxembourg National Commissions for UNESCO. Multilingual in English, French, 
Spanish and German.
Recto verso map showing all 621 biosphere reserves in 117 countries, as of 
September 2013. Includes overview of the functions and structure of biosphere 
reserves. For details: m.clusener-godt@unesco.org; download: 
http://unesdoc.unesco.org/images/0022/002229/222915M.pdf

S cien ce Policy In form ation  N etw o rk  (version  2.0)
New version o f free online information provider launched in 2010 by UNESCO’s 
Montevideo office for Latin America and the Caribbean in English, French and Spanish. 
Features new and updated information on STI policies, operational STI policy 
mechanisms, STI legal frameworks, indicators, national STI systems’ organizational 
charts and STI priorities in the region. Incorporates new sections on gender equality, 
mainstreaming indigenous knowledge systems, science education and popularization, 
etc. Provides linkages to other key databases, allowing direct access to country profiles 
from the UNESCO Institute for Statistics, WIPO, Agricultural Science and Technology 
Indicators, etc. Visit SPIN at http://spin.unesco.org.uy

Tsunam i P rep ared n ess, Civil P rotection
Good Practice Guide
Published by UNESC-IOC, with support o f European Commission Directorate General for 
Humanitarian Aid and Civil Protection. Manuals and Guides, No.65, English only, 64 pp. 
Targets civil protection authorities in Mediterranean, Northeastern Atlantic and 
connected seas. Download: http://unesdoc.unesco.org/images/0022/002208/220802e.pdf

IOC S tra teg ic  Plan fo r  O cea n o g ra p h ic  D ata and  
In form ation  M a n a g e m e n t (2 0 1 3 -2 0 1 6 )
Published by UNESCO-IOC. Manuals and Guides, No 66. Multilingual in English, French, 
Russian and Spanish, 54 pp.
Provides standard and best practices in sharing, accessing and evaluating oceanographic 
data and information under agreed governance criteria, within UNESCO-IOC 
Oceanographic Data Exchange Policy (2003).
Download: http://unesdoc.unesco.org/images/0022/002230/223030M.pdf

Tsunam i G lossary
Published by UNESCO-IOC. Technical Series, No.85 rev. French and Spanish ^  
edition of report first published in English and Arabic, 48 pp.
Download: http://unesdoc.unesco.org/images/0018/001882/188226f.pdf 
(Replace the ‘f ’ with an‘s’for Spanish version)

Free F low
Reaching Water Security through  
Cooperation
UNESCO Publishing/Tudor Rose Publishing,
ISBN 978-92-3-104256-0, English only, 328 pp.
Begins with an overview of UNESCO’s 
International Hydrological Programme.
Chapters follow on water diplomacy, 
transboundary water cooperation, water 
education and institutional development, 
financing cooperation, national and regional legal 
frameworks, etc.
Download: http://unesdoc.unesco.org/images/0022/002228/222893E.pdf

To o r d e r  sa les  p u b l ic a t io n s  f rom  UNESCO: w w w . u n e s c o .o r g / p u b l i s h i n g  
In te rn a t io n a l  Year o f  W a te r  C o o p e ra t io n :  w w w .w a te r c o o p e r a t i o n 2 0 1 3 .o r g
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