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Objec-ves	
  
	
  

The	
  shi3	
  towards	
  a	
  seasonally	
  ice-­‐free	
  Arc-c	
  Ocean	
  raises	
  
ques-ons	
  related	
  to	
  the	
  future	
  of	
  produc-vity	
  and	
  func-on	
  
of	
  Arc-c	
  ecosystems.	
  	
  

Conclusions	
  
	
  

Demand	
  for	
  a	
  ‘Func-onal	
  Trait	
  Atlas’	
  

	
  
	
  
	
  
	
  
	
  

	
  	
  

Our	
  aim	
  is	
  
to	
  understand	
  benthic	
  structures	
  (community	
  composi-on,	
  biodiversity,	
  food	
  web)	
  and	
  processes	
  (produc-on,	
  metabolism)	
  on	
  large	
  scales	
  and	
  to	
  model	
  the	
  
impact	
  of	
  environmental	
  drivers	
  on	
  the	
  benthic	
  system	
  in	
  order	
  to	
  predict	
  future	
  scenarios.	
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We	
   use	
   biological	
   trait	
   analysis	
   (BTA)	
   to	
   study	
  
benthic	
  func@ons	
  and	
  responses	
  in	
  the	
  Eurasian	
  
part	
   of	
   the	
   Arc@c	
   Ocean	
   along	
   a	
   gradient	
   of	
  
depth	
   and	
   la@tude	
   and	
   compare	
   the	
   results	
  
between	
  the	
  years	
  1991	
  and	
  2012.	
  	
  
	
  

Method	
  
The	
   BTA	
   uses	
   a	
   series	
   of	
   life	
   history,	
  
morphological	
  and	
  behavioral	
  characteris@cs	
  
of	
  species	
  present	
  in	
  assemblages	
  to	
  indicate	
  
ecological	
  func@oning	
  (Bremner	
  et	
  al.	
  2006).	
  
Traits	
   for	
  every	
   taxon	
  were	
   fuzzy	
  coded	
  (i.e.	
  
scored	
   a	
   number	
   between	
   0	
   –	
   3,	
   where	
   3	
  
indicates	
   high	
   affinity	
   and	
   0	
   indicates	
   no	
  
affinity	
  for	
  a	
  certain	
  trait).	
  	
  
	
  
Here	
   we	
   used	
   11	
   traits	
   and	
   39	
   trait	
  
modali@es.	
  	
  

Results	
  
Highest	
  secondary	
  produc@on	
  occurs	
  on	
  the	
  Barents	
  Sea	
  shelf	
  (>	
  6	
  g	
  C	
  m-­‐2	
  y-­‐1),	
  second	
  highest	
  on	
  the	
  Lomonosov	
  Ridge	
  
and	
   lowest	
   in	
   the	
   Arc@c	
   basins	
   (Fig.	
   2).	
   This	
   paWern	
   is	
   also	
   visible	
   in	
   the	
   func@onal	
   diversity	
   index	
   (FDI)	
   which	
   is	
  
significantly	
  higher	
  for	
  the	
  Barents	
  Sea	
  and	
  the	
  Lomonosov	
  Ridge	
  compared	
  to	
  the	
  deep	
  Amundsen	
  Basin	
  sta@ons	
  from	
  
1991	
  (Fig.	
  3),	
  depic@ng	
  the	
  strong	
  correla@on	
  of	
  P	
  and	
  func@onal	
  diversity.	
  Cluster	
  analysis	
  of	
  P	
  weighted	
  biological	
  traits	
  
clearly	
  separates	
  the	
  1991	
  Amundsen	
  Basin	
  sta@ons	
  from	
  the	
  higher	
  produc@ve	
  sta@ons	
  of	
  the	
  Barents	
  shelf	
  (cluster	
  1)	
  
and	
  Lomonosov	
  Ridge	
  (cluster	
  2)	
  (Fig.	
  5).	
  
	
  

	
  
	
  

1991	
  vs	
  2012	
  
Nansen	
  Basin	
   sta@ons	
   show	
  high	
  heterogeneity	
   and	
   seem	
  not	
  much	
  
different	
   between	
   1991	
   and	
   2012	
   (Fig.	
   2,	
   4,	
   5).	
   Sta@ons	
   from	
  
Amundsen	
  Basin	
  2012	
  showed	
  a	
  higher	
  number	
  of	
  species	
  (Fig.	
  4)	
  and	
  
func@onal	
   diversity	
   (Fig.	
   3)	
   compared	
   to	
   1991.	
   Also	
   P	
  was	
   higher	
   in	
  
Amundsen	
   Basin	
   2012	
   and	
   four	
   sta@ons	
   cluster	
   together	
   with	
   the	
  
intermediate-­‐produc@on	
  sta@ons	
  from	
  1991	
  in	
  Cluster	
  2	
  (Fig	
  5).	
  Fig.	
  6	
  
shows	
   the	
   sea	
   ice	
  minimum	
   in	
   2012	
   and	
   indicates	
   that	
   the	
   sta@ons	
  
from	
  Amundsen	
  Basin	
  2012	
  showing	
  higher	
  P	
  might	
  be	
  influenced	
  by	
  
processes	
  related	
  to	
  sea	
  ice	
  reduc@on.	
  	
  	
  
	
  
	
  

As	
   we	
   consider	
   benthic	
   secondary	
  
produc@on	
  (P)	
   the	
  most	
   important	
   func@on,	
  
all	
  fuzzy	
  coded	
  traits	
  were	
  P	
  weighted.	
  P	
  was	
  
es@mated	
   with	
   an	
   ANN	
   model	
   (see	
   Brey	
  
2012).	
  
Func@onal	
   diversity	
   was	
   es@mated	
   with	
  
Rao’s	
   quadra@c	
   entropy	
   index	
   (RQE)	
  
(Champely	
   and	
   Chessel	
   2002).	
   Similarity	
  
between	
   P	
   weighted	
   trait	
   distribu@ons	
   was	
  
assessed	
   v ia	
   c lus te r	
   dendrograms	
  
constructed	
   from	
   Bray-­‐Cur@s	
   similarity	
  
values.	
  

Fig.	
  5	
  Results	
  of	
  the	
  cluster	
  analysis	
  based	
  on	
  Bray-­‐Cur@s	
  similarity	
  of	
  produc@on	
  weighted	
  traits	
  per	
  sta@on	
  (leb)	
  and	
  MDS	
  plot	
  (right).	
  The	
  analysis	
  
clearly	
  groups	
  the	
  high	
  (cluster	
  1),	
  intermediate	
  (cluster	
  2),	
  low	
  and	
  very	
  low	
  (clusters	
  3,	
  4,	
  and	
  5)	
  produc@on	
  sta@ons	
  together.	
  	
  

Fig.	
   4	
   Number	
   of	
   species	
   in	
   Nansen	
   and	
  
Amundsen	
   Basin	
   1991	
   (yellow)	
   and	
   2012	
  
(green).	
  

Fig	
  1	
  Study	
  area	
  and	
  dataset.	
  The	
  data	
  from	
  the	
  Barents	
  Sea	
  were	
  published	
  in	
  Kendall	
  (1996),	
  data	
  from	
  
Nansen	
  and	
  Amunsen	
  Basin	
  and	
  Lomonosov	
  Ridge	
  in	
  Kröncke	
  (1994,	
  1998),	
  data	
  from	
  2012	
  (sampled	
  on	
  
the	
  Polarstern	
  cruise	
  ARK-­‐XXVII/3)	
  are	
  included	
  in	
  Degen	
  et	
  al.	
  (in	
  press).	
  	
  

F i g . 	
   3	
   F u n c @ o n a l	
  
Diversity	
   Index	
   (FDI)	
  
a n d 	
   s t a n d a r d	
  	
  	
  	
  	
  	
  	
  	
  	
  
dev i a@on	
   be tween	
  
regions	
   and	
   years	
   (the	
  
leWers	
   above	
   the	
   bar	
  
c h a r t 	
   i n d i c a t e	
  
significant	
   differences	
  
b e tw e e n	
   r e g i o n a l	
  
groups	
   as	
   iden@fied	
  
with	
  ANOVA	
  and	
  a	
  Post	
  
Hoc	
  test).	
  

By	
   analyzing	
   biological	
   traits	
   we	
   can	
   show	
   that	
  
macrobenthic	
   communi@es	
   in	
   the	
   Arc@c	
   have	
  
changed	
   in	
   the	
   last	
   twenty	
   years.	
   The	
   regions	
  
prone	
   to	
   change	
   seem	
   to	
   be	
   the	
   regions	
   under	
  
direct	
   influence	
  of	
  a	
   changing	
   sea	
   ice	
  cover	
   (Fig.	
  
6).	
   An	
   arc@c-­‐wide	
   atlas	
   of	
   func@onal	
   traits	
   in	
  
combina@on	
  with	
   a	
  pan-­‐arc@c	
  benthos	
  database	
  
(see	
   PANABIO	
   project)	
   would	
   enable	
   us	
   to	
  
analyze	
  the	
  ongoing	
  changes	
  on	
  a	
  large	
  scale	
  and	
  
predict	
  future	
  scenarios.	
  

Fig	
   6	
   The	
   sample	
   sta@ons	
   in	
   rela@on	
   to	
   the	
   sea	
   ice	
   minimum	
   in	
  
2012.	
  The	
  red	
  line	
  indicates	
  sea	
  ice	
  extent	
  in	
  the	
  year	
  1991.	
  

Fig.	
   2	
   Secondary	
   produc@on	
   of	
   the	
   26	
   sta@ons	
  
sampled	
   in	
   1991	
   (yellow)	
   and	
   the	
   14	
   	
   sta@ons	
  
sampled	
   in	
  2012	
   (green)	
   (note	
   the	
  difference	
   in	
  
scale	
  in	
  the	
  legend	
  between	
  1991	
  and	
  2012).	
  


