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Abstract	
  
We	
   evaluated	
   the	
   effects	
   of	
   an	
   exceptional	
   storm	
   occurred	
   along	
   the	
   Catalan	
   coast	
   on	
   deep-­‐
water	
   Cystoseira	
   zosteroides	
   populations	
   in	
   the	
   coast	
   of	
   Montgrí	
   and	
   Medes	
   Islands	
   (NE	
  
Catalonia).	
  The	
  virulent	
  storm	
  affected	
  differently	
  C.	
  zosteroides	
   communities,	
  with	
  mortalities	
  
reaching	
  in	
  some	
  locations	
  79%	
  (this	
  is	
  amongst	
  the	
  highest	
  ever	
  recorded	
  for	
  perennial	
  algae	
  
as	
   a	
   consequence	
   of	
   a	
   single	
   storm).	
   We	
   show	
   that	
   these	
   deep-­‐water,	
   slow-­‐growing	
   C.	
  
zosteroides	
  populations	
  are	
  driven	
  by	
  local	
  processes	
  and	
  episodic	
  catastrophic	
  events,	
  such	
  as	
  
an	
   exceptional	
   storm,	
  what	
   can	
   be	
   determinant	
   to	
   understanding	
   the	
   structure	
   and	
   the	
   long-­‐
term	
   dynamics	
   of	
   these	
   populations.	
   These	
   findings	
   are	
   of	
   particular	
   importance	
   not	
   only	
   to	
  
fully	
  understand	
  the	
  ecology	
  of	
  Cystoseira	
  zosteroides,	
  but	
  also	
  for	
  its	
  conservation.	
  

	
  
 

 

	
  

	
  

	
  

	
  

	
  

Cystoseira	
  zosteroides	
  

Image:	
  Cystoseira	
  zosteroides,	
  by	
  Enric	
  Ballesteros	
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Introduction	
  
	
  

he	
   effect	
   of	
   low	
   frequency	
  
exceptional	
   storms	
   on	
  
macroalgal	
   population	
   and	
  

assemblages	
  has	
  been	
  documented	
  as	
  

a	
   driving	
   force	
   in	
   determining	
   algal	
  
assemblages	
   at	
   mid	
   and	
   long-­‐term	
  
scales.	
   High	
   macroalgal	
   mortality	
  
episodes	
   have	
   been	
   described	
   as	
   a	
  
consequence	
   of	
   high	
   intensity	
  
exceptional	
   storms	
   (e.g.	
   Dayton	
   and	
  

T	
  

Resumen	
   	
  	
  	
  Abstract	
  
Hemos	
   evaluado	
   los	
   efectos	
   de	
   una	
  

tormenta	
  excepcional	
  que	
  barrió	
  el	
  norte	
  de	
  la	
  
costa	
   Catalana	
   sobre	
   las	
   poblaciones	
  
profundas	
   de	
   Cystoseira	
   zosteroides	
   en	
   las	
  
costas	
   del	
   Montgrí	
   y	
   en	
   las	
   Illes	
   Medes	
   (NE	
  
Cataluña).	
   La	
   tormenta	
   afectó	
   de	
   forma	
  
diferente	
  a	
   las	
  comunidades	
  de	
  C.	
  zosteroides,	
  
con	
   mortalidades	
   que	
   llegaron	
   al	
   79%	
   en	
  
algunas	
  localidades	
  (mortalidad	
  puntual	
  de	
  las	
  
mayores	
   registrados	
   hasta	
   la	
   fecha).	
  
Mostramos	
  como	
  las	
  poblaciones	
  profundas	
  y	
  
de	
  crecimiento	
  lento	
  de	
  C.	
  zosteroides	
  podrían	
  
estar	
   moduladas	
   por	
   procesos	
   locales	
   y	
   	
   por	
  
eventos	
   catastróficos	
   locales,	
   como	
   una	
  
tormenta	
   extrema,	
   pudiendo	
   ser	
  
determinantes	
   para	
   entender	
   la	
   dinámica	
   a	
  
largo	
   plazo	
   de	
   estas	
   poblaciones	
   y	
   para	
   su	
  
conservación.	
  

	
  

We	
  evaluated	
  the	
  effects	
  of	
  an	
  exceptional	
  
storm	
   occurred	
   along	
   the	
   Catalan	
   coast	
   on	
  
deep-­‐water	
   Cystoseira	
   zosteroides	
  
populations	
   in	
   the	
   coast	
   of	
   Montgrí	
   and	
  
Medes	
   Islands	
   (NE	
   Catalonia).	
   The	
   storm	
  
affected	
   differently	
   C.	
   zosteroides	
  
communities,	
   with	
   mortalities	
   reaching	
   in	
  
some	
   locations	
   79%	
   (this	
   is	
   amongst	
   the	
  
highest	
  ever	
  recorded	
  for	
  perennial	
  algae	
  as	
  a	
  
consequence	
  of	
  a	
  single	
  storm).	
  We	
  show	
  that	
  
these	
   deep-­‐water,	
   slow-­‐growing	
   C.	
  
zosteroides	
   populations	
   are	
   driven	
   by	
   local	
  
processes	
   and	
   episodic	
   catastrophic	
   events,	
  
such	
   as	
   an	
   exceptional	
   storm,	
   what	
   can	
   be	
  
determinant	
   to	
   understanding	
   the	
   structure	
  
and	
   the	
   long-­‐term	
   dynamics	
   of	
   these	
  
populations	
   and	
   for	
   contributing	
   to	
   its	
  
conservation.	
  

	
  
 



L.	
  NAVARRO	
  ET	
  AL.	
  
 

 138	
  

Tegner,	
   1984;	
   Dayton	
   et	
   al.,	
   1989;	
  
Seymour	
   et	
   al.,	
   1989;	
   Graham	
   et	
   al.,	
  
1997).	
   These	
   high	
   mortality	
   events	
  
can	
   lead	
   to	
   episodes	
   of	
   high	
  
recruitment	
   thus	
   changing	
   the	
  
structure	
  and	
  also	
  the	
  dynamics	
  of	
  the	
  
community	
   for	
   several	
   years	
   (e.g.	
  

Deysher	
   and	
   Norton,	
   1982;	
   Dayton	
  
and	
   Tegner,	
   1984;	
   De	
   Wreede,	
   1984;	
  
Reed	
  and	
  Foster,	
  1984;	
  Santelices	
  and	
  
Ojeda,	
   1984;	
   Kennelly,	
   1987;	
   Dayton	
  
et	
  al.,	
  1992;	
  Ballesteros	
  et	
  al.,	
  1998)	
  
In	
   the	
   Mediterranean	
   Sea,	
   some	
  

species	
   of	
   the	
   genus	
   Cystoseira	
   C.	
  
Agardh	
   (Fucales,	
   Phaeophyceae)	
   can	
  
dominate	
   several	
   rocky-­‐bottoms	
  
assemblages	
   (Giaccone,	
   1973),	
   with	
  
some	
  of	
  them	
  occurring	
  in	
  deep-­‐water	
  
environments.	
   These	
   species	
   are	
  
considered	
   engineering	
   species	
  
because	
   their	
   canopy	
   provides	
  
complex	
   biological	
   structure,	
  

favouring	
   the	
   development	
   of	
   other	
  
associated	
   species	
   (Ballesteros,	
   1990;	
  
Ballesteros	
   et	
   al.,	
   1998,	
   2009;	
   Serio,	
  
1994;	
   Hereu	
   et	
   al.,	
   2008),	
   and	
   thus	
  
they	
   play	
   a	
   paramount	
   role	
   in	
   the	
  
ecosystem	
   functioning	
   and	
   structure	
  
(Ballesteros,	
  1992).	
  
The	
   Mediterranean	
   endemic	
  

Cystoseira	
  zosteroides	
  dominates	
  deep-­‐
water	
   assemblages	
   (Giacone,	
   1973),	
  
occurring	
   on	
   rocky	
   bottoms	
   exposed	
  
to	
   strong	
   unidirectional	
   currents	
   and	
  
with	
   light	
   levels	
   ranging	
   between	
   1%	
  
and	
   0.3%	
   of	
   surface	
   irradiance,	
  
between	
   15m	
   and	
   50m	
   depth	
  
depending	
   on	
   the	
   water	
   clarity	
  
(Giaccone	
  &	
  Bruni,	
  1973).	
  	
  	
  	
  
Some	
   studies	
   describe	
   small-­‐scale	
  

patterns	
   such	
   as	
   composition	
   and	
  
population	
   structure,	
   revealing	
   high	
  
diversity	
  and	
  a	
  high	
  spatial	
  variability	
  
in	
   the	
   composition	
   and	
   structure	
   of	
  
deep-­‐water	
   Cystoseira	
   communities	
  
(Ballesteros,	
  1990;	
  Serio,	
  1994;	
  Hereu	
  
et	
   al.,	
   2008;	
   Ballesteros	
   et	
   al.,	
   2009). 
The	
   only	
   study	
   on	
   the	
   long-­‐term	
  
dynamics	
   of	
   C.	
   zosteroides	
  
populations	
   (Ballesteros	
   et	
   al.,	
   2009)	
  
estimated	
   very	
   low	
   growth	
   rates	
   (0.5	
  
cm	
   year-­‐1)	
   and	
   high	
   longevity	
   (more	
  
than	
   50	
   years)	
   and	
   suggested	
   that	
  
populations	
   of	
   this	
   species	
   could	
   be	
  
highly	
   determined	
   by	
   large-­‐scale,	
   low	
  
frequency	
   catastrophic	
   episodic	
  
events.	
   These	
   unusual	
   events	
   would	
  
lead	
   to	
   punctual	
   high	
   mortality	
   rates	
  
of	
   large	
   plants,	
   clearing	
   the	
   canopy	
  
and,	
  in	
  turn,	
  allowing	
  intense	
  pulses	
  of	
  
recruitment.	
   Similar	
   dynamics	
   have	
  
been	
   hypothesized	
   to	
   occur	
   in	
   other	
  
algal	
   assemblages	
   (Schiel	
   and	
   Foster,	
  

 

Fig.	
   1.	
   Map	
   of	
   the	
   study	
   sites	
   in	
   Montgrí	
  
massif	
   (▲	
  Tomas	
  Ras)	
  and	
  Medes	
   Islands	
  
Marine	
   Reserve	
   (●	
   Ferranelles,	
   ■	
  	
  
Tascons).	
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2006),	
   although	
   direct	
   evidences	
   are	
  
lacking.	
  	
  
Moreover,	
  C.	
  zosteroides	
  it	
  is	
  among	
  

the	
   most	
   vulnerable	
   species	
   against	
  
anthropogenic	
   disturbances	
   such	
   as	
  
mechanical	
   losses,	
   changes	
   in	
   water	
  
turbidity	
   or	
   competition	
   with	
   alien	
  
invasive	
   species	
   (Serio	
   et	
   al.,	
   2006;	
  
Thibaut	
   et	
   al.,	
   2005).	
   Evidences	
   exist	
  
that	
   Cystoseira	
   zosteroides	
  
assemblages	
   are	
   in	
   decline	
   in	
   some	
  
Mediterranean	
   areas,	
   where	
   their	
  
abundance	
   and	
   distribution	
   has	
  
declined	
   in	
   the	
   last	
   years	
   with	
  
dramatic	
   effects	
   at	
   community	
   level	
  
(Giaconne	
   &	
   Bruni,	
   1973;	
   Thibaut	
   et	
  
al.,	
   2005;	
   Serio	
   et	
   al.,	
   2006).	
   We	
   fear	
  
that	
   low-­‐frequency	
   natural	
  
disturbances	
   such	
   as	
   extreme	
   storms	
  
can	
   put	
   at	
   the	
   brink	
   of	
   extinction	
  
populations	
   of	
   Cystoseira	
   zosteroides	
  
that	
   are	
   already	
   decimated	
   by	
  
anthropogenic	
  disturbances.	
  
In	
   this	
   study	
   we	
   describe	
   the	
  

distribution,	
   structure	
   and	
   dynamics	
  
of	
   Cystoseira	
   zosteroides	
   populations	
  
in	
   the	
   coast	
   of	
   Montgrí	
   (NW	
  
Mediterranean)	
   by	
   measuring	
  
population	
   size	
   structure,	
   individual	
  
growth,	
   mortality	
   and	
   recruitment.	
  
Moreover,	
  we	
  studied	
  the	
  effects	
  of	
  an	
  
exceptional	
   storm	
   occurred	
   along	
   the	
  
Catalan	
  coast	
  during	
  the	
  study	
  period.	
  
By	
   evaluating	
   the	
   effects	
   of	
   such	
   low	
  
frequency	
   events	
   in	
   determining	
   the	
  
structure	
   and	
   dynamics	
   of	
   these	
  
populations,	
   we	
   get	
   knowledge	
   for	
  
understanding	
   the	
   processes	
   that	
   act	
  
at	
  different	
  scales	
  in	
  structuring	
  these	
  
assemblages,	
   which	
   are	
   of	
   great	
  
importance	
  for	
  their	
  conservation	
  and	
  
management.	
  

	
  
Materials	
  and	
  Methods	
  
	
  
The	
  study	
  was	
  carried	
  out	
  along	
  the	
  

coastline	
   of	
   the	
   Montgrí	
   massif	
   (NW	
  
Mediterranean),	
   including	
   the	
   Medes	
  
Islands	
   Marine	
   Reserve,	
   where	
   C.	
  
zosteroides	
   formed	
   a	
   canopy,	
   two	
  
inside	
   the	
   Medes	
   Islands	
   Marine	
  
Reserve	
   (Ferranelles	
   and	
   Tascons)	
  
and	
  other	
  one	
  along	
  the	
  Montgrí	
  coast	
  
(Tomas	
  Ras)	
  (Figure	
  1).	
  	
  
Ferranelles	
  was	
  located	
  in	
  a	
  bottom	
  

dominated	
   by	
   small	
   rocks	
   and	
   stones	
  
at	
   20	
   m	
   depth	
   in	
   between	
   two	
   small	
  
islands,	
   and	
   exposed	
   to	
   the	
   NW	
  
dominant	
   winds	
   in	
   the	
   area.	
   Tascons	
  
assemblage	
   was	
   placed	
   on	
   a	
   hard	
  
rocky	
  bottom	
  platform	
  at	
  24	
  m	
  depth	
  
exposed	
   to	
   E	
   storms.	
   Tomas	
   Ras	
  was	
  
located	
   in	
   the	
   Montgrí	
   coast,	
   on	
   a	
  
rocky	
   bottom	
   dominated	
   by	
   big	
  
boulders,	
  and	
  oriented	
  to	
  the	
  N.	
  	
  
Permanent	
  transects	
  were	
  installed	
  

in	
   summer	
   2008	
   in	
   the	
   three	
   sites	
   in	
  
order	
   to	
   estimate	
   recruitment,	
  
mortality	
   and	
   growth	
   of	
   individual	
  
plants	
  at	
  a	
  long-­‐term	
  scale.	
  At	
  each	
  site	
  
three	
   transects	
   within	
   the	
   same	
  
population	
   were	
   installed	
   with	
  
permanent	
  marks.	
  Each	
  transect	
  was	
  1	
  
m	
   wide	
   and	
   5	
   m	
   in	
   length	
   or	
   until	
  
reach	
  a	
  minimum	
  of	
  50	
   individuals	
  of	
  
C.	
   zosteroides.	
   Each	
   transects	
   was	
  
partitioned	
  in	
  a	
  grid	
  of	
  50	
  cm	
  x	
  50	
  cm	
  
squares	
   where	
   each	
   individual	
   was	
  
mapped	
   and	
   length	
   of	
   the	
   main	
   axis	
  
measured	
   following	
   methodology	
  
explained	
   in	
   Ballesteros	
   et	
   al.	
   (2009).	
  
Sampling	
  was	
  performed	
  at	
  the	
  end	
  of	
  
summer	
   (August)	
   when	
   Cystoseira	
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zosteroides	
  attains	
  its	
  highest	
  seasonal	
  
biomass	
  (Ballesteros,	
  1990).	
  	
  	
  
Transects	
   were	
   re-­‐visited	
   during	
  

summer	
   2009	
   in	
   order	
   to	
   measure	
  
density	
   and	
   size	
   structure	
   after	
   the	
  
winter	
   storm	
   and	
   obtain	
   the	
  
demographic	
   rates	
   (growth,	
  mortality	
  
and	
   recruitment)	
   of	
   the	
   studied	
   C.	
  
zosteroides	
  populations.	
  	
  
Size-­‐frequency	
   distributions	
   were	
  

compared	
   between	
   sites	
   (2-­‐sample	
  
Kolmogorov–Smirnov	
   test)	
   and	
   to	
   a	
  
normal	
   distributions	
   (single	
  
Kolmogorov–Smirnov	
   test)	
   using	
  
Lilleford	
   probability	
   adjustments	
  
(Legendre	
   &	
   Legendre,	
   1998).	
  
Similarity	
   between	
   size-­‐frequency	
  
distributions	
   was	
   calculated	
   with	
   the	
  
Spearman	
   rank-­‐correlation	
   coefficient	
  
by	
  dividing	
  plant	
  numbers	
  into	
  10	
  size	
  
classes	
   (class	
   borders	
   were	
   every	
   1	
  
cm).	
  	
  
Differences	
   between	
   populations	
  

and	
   years	
   on	
   frequency	
   distribution	
  
and	
   demographic	
   parameters	
   were	
  
compared	
   using	
   analysis	
   of	
   variance	
  
(ANOVA).	
   Statistical	
   analyses	
   were	
  
performed	
   using	
   Systat	
   6.0	
   (SPSS	
   Inc.	
  
2004).	
  
	
  
Results	
  
	
  
The	
   size-­‐frequency	
   distributions	
  

(Fig.	
   2)	
   were	
   unimodal,	
   except	
   for	
  
Ferranelles	
   in	
   2009,	
   and	
   statistically	
  
different	
   from	
   a	
   normal	
   distribution	
  
(Table	
   1,	
   p	
   <	
   0.05).	
   Ferranelles	
   and	
  
Tascons	
   displayed	
   a	
   similar	
   size-­‐
frequency	
   distribution	
   and	
   were	
  
statistically	
  different	
  to	
  Tomas	
  Ras	
  (2-­‐

samples	
   KolmogoroveSmirnov	
   test,	
   p	
  
<0.05).	
   Table	
   1	
   gives	
   mean	
   size,	
  
standard	
   deviation,	
   coefficient	
   of	
  
variation,	
   mode,	
   95th,	
   skewness,	
  
kurtosis	
   and	
   the	
   probability	
   that	
   the	
  
sample	
   comes	
   from	
   a	
   normal	
  
distribution	
   calculated	
   on	
   raw	
   data	
  
and	
   the	
   sample	
   size	
   for	
   specific	
  
populations	
  at	
  each	
  site	
  before	
  (2008)	
  
and	
  after	
  (2009)	
  storm	
  occurs.	
  Depth,	
  
total	
  sampling	
  area	
  and	
  total	
  adult	
  and	
  
recruit	
  densities	
   for	
  each	
  site	
  are	
  also	
  
indicated.	
  Distributions	
   of	
   Ferranelles	
  
and	
   Tascons	
   were	
   similar	
   and	
  
different	
   from	
   Tomas	
   Ras.	
  
Nevertheless,	
   other	
   frequency	
  
distribution	
   parameters	
   showed	
  
differences	
   between	
   populations	
  
(Table	
  2).	
  	
  
Growth	
   in	
   surviving	
   individuals	
  

ranged	
   from	
   0.6	
   (Tascons),	
   0.75	
  
(Tomas	
   Ras)	
   and	
   0.92	
   (Ferranelles)	
  
cm	
   individual-­‐1.	
   Mortality	
   and	
  
recruitment	
   were	
   very	
   different	
  
amongst	
   populations.	
   Mortality	
  
ranged	
   from	
   78.5%	
   in	
   Ferranelles	
   to	
  
15%	
  in	
  Tascons,	
  and	
  recruitment	
  from	
  
3.7ind/0.25m2	
   in	
   Ferranelles	
   (83.45	
  
%)	
   to	
   nil	
   recruitment	
   in	
   Tomas	
   Ras	
  
(0%).	
   Adult	
   and	
   recruitment	
   density	
  
as	
  well	
  as	
  the	
  general	
  shape	
  of	
  the	
  size	
  
frequency	
   distribution	
   and	
   the	
  
distribution	
   parameters	
   (mean,	
  
skewness,	
   kurtosis)	
   significantly	
  
changed	
   only	
   in	
   Ferranelles	
   (2	
  
samples	
   Kolmogorov-­‐Smirnov	
   test,	
  
p˂0.05).	
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Conclusions	
  
	
  
In	
   Tomas	
   Ras	
   mortality	
   accounted	
  

for	
  roughly	
  50%	
  of	
  the	
  population,	
  but	
  
size	
  distribution	
  was	
  maintained	
  since	
  
recruitment	
   was	
   nil	
   after	
   the	
   storm.	
  
Ferranelles	
   displayed	
   the	
   highest	
  
mortality	
   rates,	
   probably	
   because	
   the	
  

storm	
  dragged	
  the	
  small	
  boulders	
  and	
  
stones	
   where	
   the	
   population	
   thrives	
  
and	
  eliminated	
  more	
   than	
  80%	
  of	
   the	
  
C.	
   zosteroides	
   individuals.	
   However,	
  
recruitment	
   was	
   very	
   high	
   in	
   2009	
  
resulting	
  in	
  a	
  density	
  increase	
  in	
  2009,	
  
but	
   a	
   with	
   completely	
   different	
   size	
  
distribution	
  population.	
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Figure	
  2.	
  Size	
  distribution	
  frequencies	
  of	
  the	
  length	
  of	
  the	
  main	
  axis	
  of	
  Cystoseira	
  zosteroides	
   in	
  

2008	
  and	
  2009.	
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Tascons	
   population	
   only	
   displayed	
  
a	
   14%	
   mortality,	
   probably	
   due	
   to	
   its	
  
deepest	
   situation	
   and	
   the	
  
geomorphology	
  of	
   the	
  bottom,	
  devoid	
  
of	
  boulders.	
  	
  
Mortalities	
   described	
   in	
   this	
   study	
  

are	
   amongst	
   the	
   highest	
   recorded	
   for	
  
perennial	
  algae	
  as	
  a	
  consequence	
  of	
  a	
  
single	
   storm	
   (Dayton	
   and	
   Tegner,	
  
1984;	
  Ebeling	
  et	
  al.,	
  1985;	
  Seymour	
  et	
  
al.,	
   1989).	
   Dayton	
   and	
   Tegner	
   (1984)	
  
described	
   up	
   to	
   a	
   60%	
  mortality	
   in	
   a	
  
kelp	
   forest.	
   Nevertheless,	
   due	
   to	
   the	
  
higher	
  dispersal	
  of	
  spores	
  and	
  a	
  faster	
  
growth	
   of	
   kelps	
   (Schiel	
   and	
   Foster,	
  
2006;	
   Graham	
   et	
   al.,	
   2007)	
   the	
  
restoration	
   of	
   kelp	
   forests	
   should	
   be	
  
much	
   faster	
   than	
   these	
   Cystoseira	
  
forests	
  (Ballesteros	
  et	
  al.	
  1998,	
  2009).	
  	
  
We	
   do	
   not	
   know	
   the	
   causes	
   of	
   the	
  

striking	
   differences	
   in	
   recruitment	
  
rates	
   among	
   sites,	
   but	
   due	
   to	
   the	
  
relatively	
   low	
   reproductive	
   potential	
  
and	
   limited	
   dispersal	
   of	
   fucoids	
   with	
  
large	
   propagules	
   (Schiel	
   and	
   Foster,	
  
2006)	
   recruitment	
   seems	
   to	
   be	
  
proportional	
   to	
   the	
   abundance	
   and	
  
proximity	
  of	
  adult	
  stands.	
  	
  	
  	
  
Another	
  reason	
  could	
  be	
  the	
  kind	
  of	
  

substrate	
   and	
   the	
   denso-­‐dependent	
  
settlement	
   and	
   survival	
   of	
   recruits.	
  
For	
   instance,	
   boulders	
  devoid	
   of	
   algal	
  
cover	
   were	
   available	
   in	
   Ferranelles	
  
due	
   to	
   the	
   smashing	
   effect	
   of	
   storm,	
  
thus	
  allowing	
  free	
  space	
  for	
  Cystoseira	
  
propagules	
   to	
   settle.	
   Contrarily,	
   in	
  
Tomas	
   Ras	
   the	
   bottom	
   was	
   still	
  
covered	
   by	
   encrusting	
   corallines,	
  
filamentous	
   understory	
   algae	
   and	
  
some	
   adult	
   individuals	
   of	
   Cystoseira,	
  
thus,	
   being	
   a	
   substrate	
   probably	
   less	
  

favourable	
   for	
   recruits	
   to	
   settle	
   and	
  
survive.	
  	
  
In	
   conclusion,	
  we	
   have	
   shown	
   that	
  

these	
   deep-­‐water,	
   slow-­‐growing	
   C.	
  
zosteroides	
   populations	
   are	
   driven	
   by	
  
local	
   processes	
   that	
   account	
   for	
   the	
  
relatively	
   high	
   observed	
   variability	
   in	
  
processes	
   such	
   as	
   growth,	
   mortality	
  
and	
   recruitment.	
   Moreover,	
   episodic	
  
catastrophic	
   events	
   such	
   as	
   an	
  
exceptional	
  storm	
  can	
  be	
  determinant	
  
in	
   understanding	
   the	
   structure	
   and	
  
the	
   long-­‐term	
   dynamics	
   of	
   these	
  
populations.	
   However,	
   even	
   these	
  
catastrophic	
   events	
   have	
   a	
   large	
  
variability	
   at	
   small	
   scales	
   due	
   to	
  
factors	
   such	
   as	
   wave	
   exposure	
   or	
  
bottom	
  morphology.	
  The	
   combination	
  
of	
   this	
   short-­‐term	
   acting	
   factors	
   that	
  
ensure	
   long	
   periods	
   of	
   steady	
   growth	
  
with	
   episodic	
   disturbances	
   that	
   can	
  
determine	
   populations	
   at	
   long	
  
temporal	
   scale	
   together	
   with	
   the	
  
variability	
   associated	
   to	
   these	
   factors,	
  
should	
  be	
  responsible	
  for	
  the	
  complex,	
  
almost	
  unpredictable,	
  distribution	
  and	
  
size	
   structure	
   of	
   these	
   deep	
   water	
  
Cystoseira	
   stands.	
   Similar	
   findings	
  
have	
   been	
   described	
   for	
   other	
   algal-­‐
dominated	
   ecosystems,	
   such	
   as	
   kelp	
  
forests,	
   that	
   are	
   exposed	
   to	
   a	
   large	
  
array	
   of	
   small-­‐scale	
   processes	
   and	
  
disturbances,	
  but	
  also	
  to	
  a	
  large-­‐scale,	
  
low-­‐frequency	
   episodic	
   disturbances	
  
(e.g.	
   storms,	
   nutrient	
   pulses,	
  
temperature	
   anomalies)	
   which	
   can	
  
finally	
   determine	
   the	
   shape	
   of	
   these	
  
algal	
   populations	
   and	
   the	
   whole	
  
assemblage	
  (Dayton	
  et	
  al.,	
  1992,	
  1999;	
  
Tegner	
   et	
   al.,	
   1996,	
   1997;	
   Graham	
   et	
  
al.,	
  2007).	
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These	
   findings	
   are	
   of	
   particular	
  
importance	
   not	
   only	
   to	
   fully	
  
understand	
   the	
   ecology	
   of	
   Cystoseira	
  
zosteroides,	
   but	
   also	
   for	
   its	
  
conservation.	
   Deep	
   water	
   Cystoseira	
  
assemblages	
   are	
   largely	
   endangered	
  
by	
   anthropogenic	
   impacts	
  
(Boudouresque	
  et	
  al.	
  1990,	
  Thibaut	
  et	
  
al.	
  2005)	
  and	
  stochastic	
  low-­‐frequency	
  
processes	
   could	
   explain	
   the	
   sudden	
  
disappearance	
   of	
   these	
   deep	
   water	
  
stands	
   in	
   areas	
   without	
   apparently	
  
significant	
  anthropogenic	
  impacts	
  (e.g.	
  
Cormaci	
  &	
  Furnari,	
  1999;	
  Alongi	
  et	
  al.	
  
2004).	
   Otherwise,	
   these	
   episodic	
  
disturbances	
   can	
   act	
   synergystically	
  
with	
   the	
   punctual	
   small-­‐scale	
  
anthropogenic	
   disturbances	
   to	
   put	
   at	
  
the	
  brink	
  of	
  extinction	
  of	
   these	
  highly	
  
structured,	
   slow-­‐growing	
   and	
   highly	
  
biodiverse	
  deep	
  algal	
  assemblages.	
  So,	
  
these	
  results	
  reinforce	
  the	
  importance	
  
of	
   reducing,	
   as	
   far	
   as	
   possible,	
   any	
  
source	
   of	
   human	
   disturbance	
   to	
  
conserve	
   these	
   threatened	
  
communities.	
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