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The	
  deep	
  sea	
  was	
  considered	
  a	
  relaNvely	
  stable	
  environment,	
  buffered	
  from	
  the	
  climaNc	
  and	
  geological	
  
drivers	
  that	
  dominate	
  terrestrial	
  and	
  liVoral	
  marine	
  ecosystems	
  (Glover	
  et	
  al.	
  2010).	
  However,	
  climate	
  
variaNons	
  and	
  sea	
  level	
  oscillaNons	
  affecNng	
  coastal	
  marine	
  communiNes	
  also	
  have	
  an	
  impact	
  on	
  the	
  
deep-­‐sea	
  biota	
  (Glover	
  et	
  al.	
  2010,	
  Yasuhara	
  et	
  al.	
  2014),	
  with	
  implicaNons	
  on	
  ecosystem	
  and	
  food	
  
webs	
  funcNoning.	
  Here	
  stable	
  isotopes	
  of	
  carbon	
  and	
  nitrogen	
  of	
  21	
  species	
  of	
  deep-­‐sea	
  megafauna	
  
(fish,	
  decapods	
  and	
  other	
  invertebrates)	
  collected	
  in	
  two	
  periods	
  separated	
  by	
  ca.	
  20	
  years	
  (1985-­‐1989	
  
vs.	
  2007-­‐2011)	
  in	
  the	
  same	
  area	
  were	
  used	
  to:	
  
1.  Assess	
  if	
  the	
  trophic	
  level	
  of	
  megafauna	
  has	
  changed	
  over	
  this	
  period;	
  
2.  Relate	
  such	
  changes	
  to	
  the	
  different	
  hydrographic	
  condiNons	
  found	
  in	
  the	
  two	
  periods	
  	
  (i.e.	
  

changes	
  in	
  temperature,	
  salinity,	
  and	
  oxygen	
  in	
  LevanNne	
  Intermediate	
  Waters	
  	
  -­‐	
  LIW-­‐	
  	
  and	
  deep	
  	
  
water	
  masses).	
  

In
tr
od

uc
=o

n	
  

Barcelona	
  

Figure	
  1	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

M
at
er
ia
ls
	
  &
	
  m

et
ho

ds
	
  

•  The	
  long-­‐term	
  decline	
  in	
  δ15N	
  in	
  the	
  species	
  analysed,	
  disregarding	
  their	
  trophic	
  level,	
  suggests	
  a	
  generalized	
  
drop	
   in	
   the	
   whole	
   food	
  web.	
   Strong	
   relaNonships	
   between	
   δ15N	
   signature	
   declines	
   with	
   increasing	
   boVom	
  
temperatures	
  suggest	
  a	
  shid	
  in	
  diet	
  to	
  prey	
  of	
  lower	
  trophic	
  status	
  in	
  warm	
  years.	
  	
  

•  The	
   trend	
   observed	
   for	
   pracNcally	
   all	
   organisms	
   (with	
   the	
   excepNon	
   of	
   formalin-­‐fixed	
   large	
   benthopelagic	
  
fishes)	
  is	
  toward	
  greater	
  depleNon	
  of	
  13C	
  in	
  current	
  period	
  samples,	
  in	
  agreement	
  with	
  a	
  greater	
  consumpNon	
  
of	
   zooplankton	
  due	
   to	
  both	
  changes	
   in	
  NAO	
  and	
   the	
  associated	
   increase	
   in	
  zooplankton	
  biomass	
   from	
  1988	
  
(Piontkovski	
  et	
  al.	
  2006;	
  Conversi	
  et	
  al.	
  2010),	
  and	
  to	
  the	
  increase	
  of	
  boVom	
  temperature	
  in	
  turn	
  resulNng	
  in	
  
lower	
  benthic	
  prey	
  biomass	
  (Cartes	
  et	
  al.	
  2015).	
  	
  

•  We	
  hypothesize	
   that	
   the	
   changes	
   in	
   oceanographic	
   condiNons,	
   driven	
   in	
   the	
  Mediterranean	
   by	
   both	
   global	
  
change	
  and	
  river	
  damming,	
  have	
  influenced	
  benthic	
  organisms	
  by	
  reducing	
  their	
  biomass	
  and/or	
  size,	
  shiding	
  
megafaunal	
  predators	
  to	
  more	
  pelagic	
  or	
  smaller	
  benthic	
  prey	
  (i.e.,	
  those	
  with	
  lower	
  δ15N	
  values).
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Study	
  area	
  	
  
Samples	
   were	
   collected	
   within	
   the	
  
framework	
  of	
   the	
   Spanish	
   funded	
  projects	
  
BATIMAR,	
   BIOMARE	
   and	
   ANTROMARE	
  
(Figure	
   1).	
   BATIMAR	
   cruises	
   were	
   carried	
  
out	
   in	
   1985-­‐1989,	
   so	
   we	
   called	
   this	
   “the	
  
‘80s	
   period”.	
   By	
   contrast,	
   BIOMARE	
   and	
  
ANTROMARE	
   cruises	
   were	
   performed	
   in	
  
2007-­‐2011,	
   so	
   we	
   named	
   them	
   “the	
  
current	
  period”.	
  	
  
Samples	
  were	
  all	
  collected	
  with	
  the	
  same	
  
sampler,	
  an	
  OTSB-­‐14	
  boVom	
  trawl	
  net.	
  	
  
In	
  both	
  periods	
  we	
  analysed	
  samples	
  taken	
  
between	
   ca.	
   1000	
   and	
   2250	
  m,	
   at	
   depths	
  
free	
  of	
  any	
  fishing	
  acNvity	
  and	
  at	
  the	
  same	
  
staNons.	
  
	
  

Environmental	
  data	
  collec=on	
  
Temperature	
  (T),	
  salinity	
  (S)	
  and	
  dissolved	
  
oxygen	
  (O2)	
  near	
  the	
  boVom	
  (in	
  the	
  Benthic	
  
Boundary	
  Layer,	
  O2	
  BBL)	
  and	
  at	
  the	
  LIW	
  core	
  (O2	
  
LIW),	
  were	
  obtained	
  in	
  2007-­‐2011	
  from	
  CTD	
  
casts,	
  while	
  data	
  from	
  1985-­‐92	
  were	
  compiled	
  
by	
  	
  Cartes	
  et	
  al.	
  (2015),	
  from	
  oceanographic	
  
cruises	
  performed	
  in	
  the	
  area	
  in	
  1984-­‐1993	
  and	
  
from	
  the	
  MEDATLAS	
  database.	
  Possible	
  
differences	
  in	
  the	
  climaNc	
  regime	
  between	
  the	
  
two	
  periods	
  were	
  considered	
  based	
  on	
  winter	
  
and	
  annual	
  NAO	
  (North	
  AtlanNc	
  OscillaNon)	
  
indices	
  (h3p://www.cru.uea.ac.uk).	
  Chlorophyll	
  
a	
  concentraNon	
  (
h3p://gdata1.sci.gsfc.nasa.gov),	
  as	
  a	
  proxy	
  of	
  
food	
  input,	
  and	
  river	
  discharge	
  from	
  the	
  main	
  
adjacent	
  rivers	
  were	
  also	
  considered.	
  

Stable	
  isotope	
  analysis	
  (SIA)	
  
Species	
  selected	
  for	
  this	
  comparison	
  were	
  those	
  dominant	
  in	
  
the	
  megafaunal	
  assemblage	
  in	
  terms	
  of	
  both	
  abundance	
  and	
  
biomass	
  (Papiol	
  et	
  al.	
  2012).	
  For	
  SIA	
  we	
  followed	
  standard	
  
protocols	
  already	
  used	
  for	
  deep-­‐sea	
  macro-­‐	
  and	
  megafauna	
  
(see	
  details	
  in	
  Fanelli	
  et	
  al.	
  2013).	
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Acanthephyra	
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   Mesothuria	
  intesAnalis	
  

Examples	
  of	
  species	
  analysed	
  for	
  SIA	
  

Alepocephalus	
  rostratus	
  

Trachyrhyncus	
  scabrus	
  

Sergestes	
  arcAcus	
  

Argyropelecus	
  
hemigymnus	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Re
su
lts
	
  

Changes	
  in	
  δ15N	
  were	
  linked	
  
to	
  O2	
  decline,	
  both	
  at	
  the	
  
core	
  of	
  the	
  LevanNne	
  
Intermediate	
  Waters	
  (LIW)	
  
and	
  on	
  the	
  boVom	
  (BBL),	
  and	
  
to	
  increase	
  in	
  salinity	
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Generalized	
  drop	
  of	
  δ15N	
  values	
  
between	
  the	
  `80s	
  and	
  the	
  current	
  
period	
  in	
  all	
  species,	
  from	
  pelagic	
  
organisms	
  (-­‐0.3‰	
  )	
  to	
  benthic	
  
invertebrates	
  (-­‐1.3‰)	
  and	
  
benthopelagic	
  fishes	
  (-­‐1.5‰)	
  

Changes	
  in	
  δ13C	
  were	
  mostly	
  related	
  to	
  
changes	
  in	
  NAO	
  (North	
  AtlanNc	
  OscillaNon)	
  
index,	
  temperature	
  and	
  O2	
  both	
  at	
  LIW	
  and	
  
at	
  the	
  BBL	
  

Environmental	
  scenario:	
  increase	
  
of	
  temperature	
  and	
  salinity	
  from	
  
the	
  ‘80s	
  unNl	
  now,	
  with	
  a	
  parallel	
  
decrease	
  of	
  O2	
  (both	
  at	
  LIW	
  and	
  
BBL)	
  and	
  Chlorophyll	
  a	
  
concentraNons	
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