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The Mediterranean Sea
Its  biodiversity and the  impact of global warming
By Ferdinando Boero

The Mediterranean Sea is a recognised hotspot o f biodiversity. With more than 
10,000 species, not counting viruses and bacteria, it is the most diverse 
European sea.

T he  M editerranean o f  to d ay  s ta r ted  its history 
as pa r t  o f  th e  Tethys Sea, dividing th e  two 
m ega-co n t in en ts  (Laurasia and  G ondwana)  th a t  
originated from th e  fragm enta tion  o f  Pangaea. 
Five million years  ag o  it becam e  closed, and  its 
tropical  b iota went th rough  th e  Messinian crisis, 
when th e  connec t ion  with t h e  Indo-Pacific was 
lost  an d  m os t  o f  t h e  water  evaporated .  T he  Sea 
was r e d u c e d  t o  a se r ie s  o f  p o o ls  in 
co r re sp o n d en ce  with its d e e p e s t  parts ,  and 
rivers inden ted  its bo t tom s  and  fo rm ed  canyons. 
T h e  original  t ropica l  b io ta ,  o f  Indo-Pacif ic 
origin, becam e a lm ost  extinct.  W hen Gibraltar 
o p e n e d  up, Atlantic water  filled th e  a lm ost  
em pty  basin, an d  th e  new connec t ion  with th e  
t e m p e r a t e  A tlan t ic  f o u n d e d  a new 
M e d i te r r a n e a n  b io ta ,  t h e  a n c e s t o r  o f  t h e  
p re sen t  one. Som e pa laeo-endem ics  remained, 
b u t  th e  old tropical  b io ta  vanished, leaving ju s t  
a fossil record.

W ater  c ircu la t ion  is t h e  main driver  of  
M e d i te r r a n e a n  c o n d i t io n s .  Su rface  A tlantic

water  en ters  from Gibraltar, goes  eastward and 
com es back a t  d e e p e r  levels, with an outflow of 
M e d i te r r a n e a n  w aters  in to  t h e  Atlantic .  
Evaporation is higher than  riverine influxes of  
freshwater, so  th e  salinity o f  th e  M editerranean 
is higher th an  t h a t  o f  t h e  Atlantic. Surface 
waters in th e  M editerranean reach 2 8  C, or 
more, in t h e  summer, whereas th e  average winter 
tem pera tu re  is 13 C (as in d e e p  waters) , even 
th o u g h  it can b e  much lower in t h e  th ree  
n o r thern  p ar ts  and  higher in t h e  so u th e rn m o s t  
par ts  o f  th e  basin. During th e  winter, th e  water 
co lum n is h o m e o th e rm ic ,  w h ereas  su m m er  
strat if ication is s trong.  The sum m er thermocline 
is shallow in t h e  co ldes t  pa r ts  o f  t h e  basin, and 
m uch d e e p e r  in t h e  w a rm e s t  o nes .  This 
a l ternance  of  a warm and  a cold season  leads to  
th e  prevalence of  two main surface  b io tas in th e  
basin: a sum m er  biota,  with many species of  
tropical  affinity, and  a winter  biota, with species  
o f  tem pera te  or  even boreal affinity. Since m ost  
o f  t h e  p re se n t  M edite rranean b iota colonised 
th e  basin from Gibraltar, th e  fo u n d er  species

were more tem pera te  than  tropical , and  th e  
e a s t e r n m o s t  p a r t s  o f  t h e  M e d i te r ra n e a n  
remained “underco lon ised” by th e  new pool of  
species coming from th e  Atlantic, probab ly  n o t  
becau se  they  could n o t  g e t  there,  b u t  becau se  
they  did n o t  find th e  p ro p e r  condi t ions  in to o  
warm an area. As s o o n  as a new waterway ( the 
Suez Canal)  c o n n ec ted  th e  M editerranean with 
t h e  Indo-Pacific, tropical  species  s ta r te d  to  
en te r  th e  Mediterranean,  taking ad van tage  of  
t h e  semi-tropical cond i t ions  o f  th e  eas tern  
basin: th e  so-called Lessepsian migration began. 
Red Sea immigrants, in a sense ,  fulfilled th e  
tropical  vocation of  th e  Eastern M editerranean 
much b e t t e r  th a n  t h e  po s t -M e ss in ia n  
immigrants from th e  tem pera te  Atlantic!

T hree  par ts  o f  t h e  basin are  crucial for  its 
hydrography: t h e  Gulf o f  Lions, t h e  N or the rn  
Adriatic and  th e  N or th  Aegean. The cold winds 
of  th e  no r th  cause  much lower tem pera tu res  
th e re  than  in t h e  rest o f  th e  basin: th e s e  
“refr igerated” waters tend  to  sink, going deep,  
replacing th e  d e e p e r  waters. T hese  are  am ong  
th e  few places where d e e p  water  is fo rm ed  a t  
t h e  surface, during cold winters. The  N or the rn  
Adriatic, furtherm ore ,  h o s ts  a boreal b io ta  th a t  
has no  c o u n t e r p a r t  in t h e  r e s t  o f  t h e
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Reduced corrall igenous reef  in a sea cave at 
O tran to ,  Italy.

M editerranean.  T he  f lagship species  o f  th is 
bio ta  is Fucus virsoides, th e  only Fucus o f  th e  
Medite rranean basin, endem ic  to  th e  N or thern  
Adriatic, to g e th e r  with a h o s t  o f  o th e r  species 
t h a t  live only up there.

Sharp  seasonali ty  is t h e  se c re t  of  M editerranean 
biodiversity. Temperature  condit ions differ so  
much in th e  two se aso n s  (differing by more than  
15 C) th a t  th e y  allow th e  coexis tence in spa ce  
(b u t  n o t  in time) of  a tropical  and  tem pera te  
biota. Thus,  t h e  M editerranean is a veritable 
c ross road  o f  biodiversity, a miniaturised ocean 
where th ings hap p en  fas ter  than  in th e  world 
ocean,  so  showing what might hap p en  in th e  
fu tu re  a t  a wider  scale, b o th  in t ime and  space.

Global change and the 
Mediterranean Sea
T h e  o p e n in g  o f  t h e  Suez  Canal  has no 
re lationship with global warming, b u t  global 
warming might favour th e  expansion o f  tropical 
s p e c ie s  (ab le  t o  r each  t h e  M e d i te r ra n e a n  
th r o u g h  t h e  new c o n n e c t io n )  a n d  th e  
es tab l ishm ent  of  in d e p e n d e n t  popula tions.  This 
is being called tropicalisation, since th e  origin of 
t h e  newcomers is a lm ost  invariably tropical.

A n o th e r  r e s p o n s e  to  g lobal  warm ing is 
meridionalisat ion. T he  species  t h a t  normally 
thrive in t h e  so u th e rn m o s t  p ar ts  o f  t h e  basin 
(m erid ional  s p e c ie s )  a re  w iden ing  th e i r  
dis tr ibution  towards th e  north.
T he  whole M editerranean Sea,  thus,  is a se nso r  
o f  global warming, and  its tropicalisation and 
meridionalisation are  telling us t h a t  th e  b io ta  is 
answering to  th e  change  in a very fast  way, 
suggest ing  an ad ap ta t ion ,  in te rm s of  species

c o m p o s i t io n ,  to  t h e  new co n d i t io n s .  
Biodiversity is changing, many new species  are 
arriving an d  th e  impression might be  t h a t  the re  
is an increase  in t h e  species pool inhabiting th e  
basin. The old species lists are  being updated ,  
a n d  t h e  n u m b e rs  o f  t h e  inv en to ry  a re  
undergoing a s te ad y  increase. Does this affect  
th e  functioning o f  ecosystem s?  This is more 
difficult to  unders tand .  There  are  many o th e r  
changes t h a t  might affect t h e  functioning of  
M e d i te r r a n e a n  e c o s y s te m s  b e s id e s  t h e  
increases in tem p era tu re  an d  th e  arrival of  
tropical  species.

Overfishing, for  instance,  is leading to  a sharp  
decrease  in sea urchin p redators ,  and  this, in its 
tu rn ,  is caus ing  an increase  in sea  urchin 
popu la t ions  tha t ,  with overgrazing, des t ro y  algal 
canopies leading to  barrens tha t ,  surely, cause  a 
lower efficiency in t h e  fu n c t io n in g  of  
ecosystems,  if efficiency is m easured  in term s of  
p ro d u c t io n .  T h e  o c c u r r e n c e  o f  s e a  urchin 
barrens, thus,  is n o t  linked to  global warming, 
b u t  is a sym ptom  o f  a global change  du e  to  th e  
global  impact  o f  fisheries.

A no ther  sym ptom  o f  overfishing might b e  th e  
increased f requency  of  jellyfish blooms, possibly 
t r iggered  by increased food  availability a t  low 
levels o f  troph ic  networks du e  to  our removal of  
large fish. A void is formed, rapidly filled by 
vicariants. The  global ocean  is shifting from fish 
to  jellyfish, and  this is occurring very rapidly in 
th e  M editerranean Sea, since t h e  eighties.

The Black Sea
A n o th e r  s e a  t h a t  is c o n n e c t e d  with t h e  
M editerranean, t h e  Black Sea,  is paradigmatic  in 
showing what might be  t h e  impact  of  an alien 
p re d a to r  in a low-diversity sys tem. The arrival of  
th e  c te n o p h o re  Mnemiopsis leydi led to  th e  
impairment of  Black Sea troph ic  networks, with 
a s h a rp  decline  o f  f isheries y ields d u e  to  
p reda t ion  by th e  c ten o p h o re  on b o th  fish eggs  
and  larvae and  on th e  crus tacean  prey of  fish 
larvae and  juveniles. The  case o f  Mnemiopsis 
shows w hat  a non-coevolved, alien p re d a to r  can 
do  when in troduced  to  a more o r  less closed 
ec o s y s te m ,  d e m o n s t r a t i n g  t h a t  jellyfish 
p r e d a t io n  has a crucial  im p a c t  on fish 
recru itm ent  and  has a param oun t  im portance  in 
fisheries. The impact  of  jellyfish p reda t ion  is 
se ldom so  high as t h a t  o f  Mnemiopsis in th e  
Black Sea, b u t  this extreme should  teach  us th a t  
it is unwise to  give no im portance  to  gelat inous 
p reda to rs  while inferring on th e  fu ture o f  fish 
popula tions,  considering  fisheries as the ir  sole 
sou rce  o f  mortality. A little b lob o f  jelly had a 
g rea te r  impact  on Black Sea fish popula t ions  
than  industrial fisheries!

It might happen ,  thus,  t h a t  t h e  change we 
observe  is n o t  always linked to  changes  a t  a 
global  level, som ehow  linked to  climate change. 
T he  increase in sea  urchin barrens  an d  in

jel lyfish o u tb r e a k s  a re  po ss ib ly  d u e  to  
overfishing and  n o t  to  climate change. O n  th e  
o t h e r  h and ,  b o t h  t r o p ic a l is a t io n  an d  
m erid io n a l i sa t io n  a re  d u e  to  t e m p e r a tu r e  
inc reases ,  o ffer ing  m o re  o p p o r tu n i t i e s  to  
species t h a t  thrive when tem pera tu res  are  high. 
Are th e  putat ive changes  in th e  ecosystem 
functioning o f  th e  Mediterranean,  if any, to  be  
as c r ib e d  m ore  t o  g lobal  warming th a n  to  
overfishing? M aybe tropical fish are  simply 
replacing th e  fish th a t  we dep le ted  with our 
f isher ies .  But o t h e r  t rop ica l  c re a tu r e s  a re  
arriving, w ithou t  any human im pact  on their  
possible  indigenous competi tors .

The flora and fauna o f the 
Mediterranean Sea
Lists o f  M e d i te r r a n e a n  s p e c ie s  have b e e n  
com piled  fo r  cen tu r ies .  T h e  first extensive 
exp lo ra t ion  o f  M e d i te r r a n e a n  biodiversity, 
however, saw its dawn when th e  activities of  th e  
Zoologica l  S ta t io n  o f  N ap les  s t a r t e d .  T he  
program m e o f  Anton Dohrn was to  prove th e  
t h e o ry  of  evolution by revealing t h e  a m o u n t  of  
diversity t h a t  was h o s te d  in t h e  Medite rranean, 
and  especial ly in th e  Gulf o f  Naples. Specialists 
came from all over  th e  world and  compiled 
monumental  m onographs  th a t  are  still classics. 
Paradoxically, th e  publication of  m onographs  on 
th e  flora and  fauna o f  th e  Gulf o f  Naples ceased  
a lm o s t  a t  t h e  b eg in n in g  o f  t h e  era  o f  
biodiversi ty discovery  and,  today, th e y  still 
r e p r e s e n t  u n s u r p a s s e d  m i le s to n es  simply 
because ,  in many groups,  no th ing  else has been  
a t tem pted  since the ir  appearance .

In recen t  years,  th e  International Commission 
fo r  t h e  Scientif ic  Exploration  o f  t h e  
M ed ite rranean  (CIESM) p ro d u c e d  fou r  fine 
m onographs  on th e  immigrants t h a t  en te red  th e  
M editerranean Sea, often th rough  th e  Suez 
Canal. They cover fish, molluscs, c rustacean  
d e c a p o d s  an d  a lgae  an d  a re  co n t in u o u s ly  
u p d a te d  t h ro u g h  t h e  w eb  p a g e  o f  t h e  
Commission (www.ciesm.org). T he  list of  aliens 
is very long, and  it b eco m es  even longer  when 
considering  all phyla. Now, more than  ever, it is 
essential  to  u p d a te  t h e  old m onographs,  b u t  
this ca n n o t  be  d o n e  by simply adding th e  new 
species to  t h e  old ones. This exercise leads to  
an ever-increas ing biodiversity. Each species 
sh o u ld  b e  in v es t ig a ted  t h r o u g h o u t  t h e  
bibliography, so  as to  ascer ta in  th e  extent  o f  its 
dis tr ibution  th rough  published records, and  
reconstruc t ing  its history. And, if a species has 
n o t  b een  recorded  for, let’s say, on e  century, 
t h e r e  a re  two poss ib il i t ies :  it e i t h e r  has 
d isappeared ,  or  have n o t  looked for  it with th e  
sam e care as in th e  past. T he  identifica tion o f  a 
list of  missing species is n o t  a red list. M os t  
species are  inconspicuous and  can be  recorded  
only  by sp ec ia l is ts .  T h e  a s s e s s m e n t  o f  
biodiversity s ta tu s  can be  d o n e  only by experts,  
and  this expert ise  is vanishing. Potential  au tho rs  
fo r  m o n o g ra p h s  on t h e  fa u n a  an d  flora o f  th e
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The Mediterranean
Medite rranean are  less and  less available, and 
funding is n o t  available for  such enterprises.

It is obvious th a t  taxonomic expert ise  must  be 
rebuilt  and,  s o o n e r  o r  later, I am confiden t  th a t  
it will. T he  p resen t-day  obtusity, leading to  th e  
dismissal o f  taxonomy, will be  removed because  
man ca n n o t  simply go  on w ithou t  knowing what 
is a round  us. Meanwhile, we ca n n o t  wait for  th e  
arrival o f  wisdom to  d o  som ething .

A tem porary  alternative to  a species  focus can 
be  habitats .  There  is a problem of terminology 
here. T he  EU Habita ts  Directive, in fact , gives 
t h e  impression t h a t  terrestrial environments 
make up an amazingly vast variety o f  conditions, 
hence  a very high num ber  o f  listed habitats, 
w h ereas  m arine  e n v i ro n m e n ts  a re  so  
m o n o to n o u s  as to  b e  a lm ost  dull, with an 
amazingly generic  and  s h o r t  list of  hab i ta ts  th a t  
dese rve  p ro tec t io n .  T he  n u m b er  o f  marine 
hab i ta ts  has to  increase,  b u t  first th e re  should 
be  ag reem en t  a b o u t  what is a habitat. So far, 
th is ag re e m e n t  has n o t  b een  reached  and  the re  
are  far  t o o  many lists o f  marine M editerranean 
habitats.

What is a habitat?
“A particular  ty p e  of  environment regarded  as 
hom e for  organisms” -  this is on e  o f  th e  
def initions in t h e  Oxford English Dictionary. 
Being terrestrial  organisms, we te n d  to  identify 
hab i ta ts  with th e  ground,  and  we did t h e  same 
fo r  t h e  se a .  T h e re  will c o m e  a t im e  for  
d isc u ss in g  pe lag ic  h a b i t a t s ,  b u t  now l e t ’s 
concen t ra te  on ben th ic  ones. We n eed  som e 
classification, and  this can be  d o n e  only by th e  
identification o f  sha red  features,  leading to  
lump items of  th e  sam e kind. Having to  d o  such 
an exercise, I would divide hab i ta ts  into two 
g rea t  ca tegories: primary habitats,  m ade up of 
physical fea tu res  of  th e  bo t tom  and  o f  th e

Date mussels Rhizostoma sp.

su r ro u n d in g  physical en v i ro n m en t ,  an d  
se co n d a ry  habitats , m ade  up o f  habitat-forming 
species t h a t  have the ir  own primary hab i ta t  bu t  
th a t ,  in them se lve s ,  a re  h a b i t a t  fo r  o th e r  
species.

S e c o n d a r y  h a b i t a t s  (i.e. hab i ta t - fo rm in g  
sp e c ie s )  can  b e  o f  two kinds.  S o m e  are  
perennial , like Posidonia oceanica meadows, th e  
m os t  typical M editerranean h ab i ta t  type.  Som e 
o thers  are  seasonal, like many algal canopies 
m ade up o f  algal species  in t h e  warm season  and 
by hydro ids  in t h e  cold se a so n .  Perennial
hab itat-forming species,  furtherm ore ,  can be 
b iocons tructors ,  leaving the ir  dead  bod ies  in 
place, where th e y  beco m e  th e  c o n s t i tu en ts  of  
th e  “physical” c o m p o n e n t  o f  th e  hab i ta t  itself. 
The  main representa t ives o f  b iocons truc t ions  in 
t h e  M e d i te r r a n e a n  S ea  a re  t h e  a l read y  
m e n t io n e d  Posidonia m ead o w s an d
coralligenous formations, m ade  up of  coralline 
algae,  bryozoans,  cnidaria, serpulids and  many 
o t h e r  o rg an ism s  t h a t  fo rm  p e r m a n e n t  
c o n c r e t io n s  with th e i r  d e a d  b o d ie s .  T he  
dif ference  be tw een  Posidonia m eadow s and  
c o ra l l igenous  f o rm a t io n s  is t h a t  o n e  is
monospecific ( the  sea-grass)  whereas th e  o th e r  
is multispecific.

It is obvious tha t ,  for  m an ag em en t  reasons, th e  
list o f  h a b i ta t - fo rm in g  s p e c ie s  a n d  o f  
b io c o n s t r u c to r s ,  in part icu lar,  is ex trem ely  
informative on priorit ies for  p ro tec tion .  O n e  
might identify a physical habitat, saying: ‘rocky 
cliff o f  calcareous nature, with mild exposure to  
wave action, divided into be lts  characterised  by 
different values o f  light pene tra t ion  and  water 
m ovem ent .’ This is n o t  enough. Such a physical 
hab i ta t  might be  a barren caused  by overgrazing 
by sea  urchins, o r  a flourishing algal canopy  a t  
shallow d e p th s  and  a g o rgonacean  fo res t  a t  
d e e p e r  levels. In o th e r  words,  hab i ta ts  must 
always b e  cha rac te r i sed  a t  two levels: th e  
physical an d  t h e  biological.  Taxon-or ien ted  
ecologis ts  might be  very detailed in defining 
hab i ta ts  from a biological p o in t  o f  view, arriving 
a t  defining a h ab i ta t  by th e  p resence  of  their  
p e t  species. A hab i ta t  type  th a t  potentially 
ho s ts  a species with particular  features,  in this 
framework, might acquire  fu r th e r  value if th a t  
species were p resen t ,  b u t  might b e  valuable 
anyway, as a prerequis i te  for  th e  p resence  of  
t h a t  sp e c ie s .  Eventually, ev e ry th in g  m igh t 
be c o m e  extremely im portant ,  as it probab ly  is. 
Species and  hab i ta ts  might b e  very im portan t  
because  they  are  very ab u n d an t ,  an d  define th e  
fea tu res  of  an entire  region, as  h ap p en s  for 
Posidonia meadows in t h e  Mediterranean,  or  
they  might be  very im portan t  b e cau s e  they  are 
t h e  “h o m e ” o f  s p e c ie s  t h a t  a re  highly 
th rea ten ed ,  as is th e  case o f  partially subm erged  
marine caves with a peb b le  beach  a t  t h e  bottom, 
where monk seals find refuge.

The majority of  habita ts ,  however, d o  have 
in te rm e d ia te  f e a tu re s  b e tw e e n  t h e s e  two
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Pelagia noctiluca in th e  Mediterranean.

extremes, and  it is particularly im portan t  to  
improve th e  definition o f  what is a h ab i ta t  and  
w hat are  th e  fea tu res  t h a t  make it valuable from 
a conservation  po in t  of  view.

A microcosmic ocean
T h e  M e d i te r r a n e a n  S ea ,  with its s h a rp  
seasona l i ty ,  is a c ro s s ro a d s  o f  d i f fe ren t  
environmental  features.  Its position, co nnec ted  
with t h e  Atlantic and  now, via th e  Suez Canal, 
with t h e  Indo-Pacific, allows th e  e n c o u n te r  of  
much different b io ta  t h a t  merge in a m egacosm  
th a t  is n o t  biased  by un tenab le  experimental 
cond it ions (as are micro- and  m esocosm s over 
long t ime-scales). Human pressures are heavy, 
with a n o r th  s h o r e  t h a t  is eco nom ica l ly  
advanced,  and  eas te rn  and  so u th e rn  sho res  th a t  
are  undergoing tum ultuous  developm ent,  all 
t o g e th e r  forming th e  first place in t h e  world in 
te rm s o f  touris tic  a t traction  and,  on th e  o th e r  
hand, a m ong  th e  first places in te rm s of  sources 
of  instability. T he responses  to  change are  rapid, 
bo th  in t h e  natural and  in th e  human realm. 
T here  is no o th e r  so  variegated and  diverse a 
place in t h e  world. This richness is so  far  a 
d isadvan tage  from th e  po in t  o f  view o f  our 
unders tand ing  o f  it. T he  g rea t  complexity and  
diversity o f  th e  M editerranean makes it less 
t rac tab le  from b o th  an exper imental  an d  a 
modelling po in t  o f  view than  any o th e r  p a r t  of  
t h e  planet. Each t ime you find a rule a t  som e 
pa r t  of  th e  M editerranean, t h e  falsification of  its 
general ity (and so  its very validity, as  a rule) 
becom es  evident a t  som e o th e r  p a r t  o f  th e  
M editerranean itself. O n c e  a given s i tua tion  is 
fully und e rs to o d ,  it sudden ly  changes  and  one  
has to  r es ta r t  from scratch .
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