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The	
  Schelde,	
  a	
  history	
  of	
  hypoxia	
  and	
  anoxia:	
  a	
  delay	
  in	
  recovery	
  	
  
	
  

Experimental	
  set-­‐up	
  	
  

Oxygen	
  growth	
  inhibiWon	
  
	
  

First	
  successful	
  test	
  (Fig.4)	
  revealed	
  a	
  growth	
  inhibi9on	
  of	
  about	
  75.6	
  ±	
  7.8	
  %	
  (coeff	
  var	
  =	
  10.3	
  %)	
  
for	
  a	
  reduced	
  environment	
  of	
  1	
  –	
  5	
  %	
  oxygen	
  satura9on	
  (approximately	
  0.1	
  –	
  0.4	
  ppm)	
  aJer	
  36h.	
  	
  

To	
  be	
  conWnued…	
  
	
  

•  Diatom	
   communi9es	
   representa9ve	
   for	
   the	
   Schelde	
   estuary	
   (other	
   growth	
   media	
  
required)	
  

•  Op9mal	
  carbon	
  dioxide	
  addi9on	
  for	
  growth	
  
•  Three	
  replicate	
  experiment	
  for	
  three	
  different	
  oxygen	
  satura9on	
  concentra9ons	
  to	
  define	
  

EC50	
  for	
  O2	
  for	
  algal	
  growth	
  of	
  diatoms	
  
•  Dark-­‐light	
  cycles	
  simula9ng	
  day-­‐night	
  and	
  mixing	
  regime	
  to	
  study	
  the	
  combined	
  effect	
  of	
  

photo-­‐inhibi9on	
  and	
  hypoxia	
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Historically	
  the	
  Schelde	
  estuary	
  is	
  characterized	
  by	
  high	
  organic	
  and	
  inorganic	
  waste	
  pollu9on.	
  In	
  the	
  
seven9es	
   the	
   Schelde	
   was	
   oJen	
   hypoxic,	
   to	
   seasonally	
   anoxic.	
   It	
   is	
   only	
   since	
   the	
   nine9es	
   water	
  
quality	
  is	
  improving	
  again.	
  Recently	
  chlorophyll	
  concentra9on	
  has	
  been	
  shown	
  to	
  increase	
  in	
  the	
  9dal	
  
freshwater	
  part	
  of	
  the	
  Schelde	
  estuary,	
  despite	
  decreasing	
  nutrient	
  input	
  and	
  increasing	
  zooplankton	
  
abundance.	
   Differences	
   in	
   light	
   and	
   residence	
   9me	
   do	
   not	
   give	
   any	
   explana9on	
   for	
   previous	
   algal	
  
growth	
   limita9on.	
  Therefore	
   it	
  was	
   recently	
  opted	
  that	
   rather	
   low	
  oxygen	
  concentra9ons	
   (hypoxia),	
  
possibly	
   combined	
  with	
   ammonia	
   toxicity	
   and	
   other	
   harmful	
   substances	
   (Fig.	
   1)	
   in	
   such	
   a	
   reduced	
  
environment,	
  were	
  inhibi9ng	
  algal	
  growth,	
  delaying	
  recovery	
  to	
  a	
  state	
  of	
  net	
  oxygen	
  produc9on.	
  

Fig.	
  1	
  Internal	
  feedback	
  mechanisms	
  for	
  primary	
  produc@on	
  (not	
  
complete,	
  focus	
  on	
  main	
  area	
  of	
  interest)	
  

Fig.	
   2	
   Two	
   alterna@ve	
   stable	
   states	
   occuring	
   over	
   a	
  
similar	
   range	
   of	
   ammonium	
   input	
   (according	
   to	
   a	
  
mathema@cal	
  model	
  of	
  Cox	
  et	
  al.	
  2009)	
  	
  

A	
  mathema9cal	
  model	
  according	
   to	
  Cox	
  et	
  al.	
   (2009),	
  
incorpora9ng	
   the	
   assump9on	
   of	
   algal	
   growth	
  
inhibi9on	
  by	
  low	
  oxygen	
  concentra9ons,	
  revealed	
  two	
  
alterna9ve	
   stable	
   states	
   for	
   similar	
   ammonium	
  
concentra9ons	
  (Fig.	
  2).	
  	
  
BLUE:	
   high	
   ammonium	
   input,	
   low	
   algal	
   biomass,	
   net	
  
oxygen	
  consump9on	
  
RED:	
   low	
   ammonium	
   input,	
   high	
   algal	
   biomass,	
   net	
  
oxygen	
  produc9on	
  
Ammonium	
  is	
  used	
  as	
  key	
  indicator	
  since	
  it	
  is	
  a	
  source	
  
for	
  nitrifica9on	
  as	
  well	
  as	
   for	
  primary	
  produc9on,	
   the	
  
two	
  major	
  processes	
  in	
  the	
  Schelde	
  estuary.	
  
	
  

Hypothesis	
  	
  
	
  

At	
  low	
  oxygen	
  concentra9ons,	
  algae	
  cannot	
  compensate	
  oxygen	
  loss	
  by	
  its	
  own	
  oxygen	
  produc9on	
  and	
  are	
  inhibited	
  in	
  their	
  growth,	
  despite	
  other	
  favorable	
  
growth	
  condi9ons	
  (e.g	
  nutrients,	
  op9mal	
  light	
  condi9ons).	
  Oxygen	
  can	
  be	
  considered	
  the	
  primary	
  factor	
  to	
  regulate	
  algal	
  growth.	
  	
  

However,	
   effect	
   of	
   oxygen	
   as	
   a	
   stressor	
   on	
   algal	
  
growth	
   is	
   rather	
   poorly	
   understood.	
   Studying	
   the	
  
effect	
   of	
   hypoxia	
   on	
   current	
   flourishing	
   popula9ons	
  
might	
   provide	
   new	
   insights	
   and	
   support	
   for	
   this	
  
apparent	
  regime	
  shiJ	
  in	
  the	
  Schelde	
  estuary.	
  	
  
	
  

The	
  first	
  step	
  was	
  to	
  develop	
  an	
  experimental	
  set-­‐up	
  to	
  create	
  a	
  controlled	
  hypoxic	
  environment	
  
for	
  the	
  algae.	
  A	
  Consort	
  R362	
  was	
  used	
  to	
  con9nuously	
  regulate	
  oxygen	
  satura9on,	
  by	
  controlled	
  
nitrogen	
  supply.	
  Installa9on	
  of	
  one-­‐direc9onal	
  valves	
  at	
  the	
  test	
  vessels	
  was	
  performed,	
  to	
  ensure	
  
that	
  no	
  atmospheric	
  oxygen	
  could	
  re-­‐enter	
  when	
  nitrogen	
  is	
  gassed	
  through.	
  This	
  final	
  adjustment	
  
allowed	
   a	
   minimal	
   use	
   of	
   nitrogen	
   gas,	
   opening	
   the	
   path	
   towards	
   a	
   well-­‐designated	
   three-­‐
replicate	
   experiment	
   for	
   algal	
   growth	
   for	
   at	
   least	
   three	
   different	
   controlled	
   oxygen	
   satura9on	
  
concentra9ons.	
  
	
  

Fig.	
  3	
  Schema@c	
  representa@on	
  of	
  the	
  experimental	
  set-­‐up	
  

0	
  

50000	
  

100000	
  

150000	
  

200000	
  

250000	
  

300000	
  

350000	
  

0h	
   12h	
   24h	
   36h	
  
Wme	
  

1	
  -­‐	
  5	
  %	
  oxygen	
  satura9on	
   blanco	
  

30000	
  
35000	
  
40000	
  
45000	
  
50000	
  
55000	
  
60000	
  

0h	
   12h	
   24h	
   36h	
  
Wme	
  

Fig.	
  4	
  Algal	
  growth	
  inhibi@on	
  test	
  for	
  Pseudokirchniriella	
  subcapitata	
  –	
  
counts	
  according	
  to	
  @me	
  for	
  1-­‐	
  5	
  %	
  oxygen	
  satura@on	
   	
  (T	
  =	
  22	
  ±	
  2	
  °C)	
  
and	
  blanco	
  (error	
  bars	
  represent	
  standard	
  devia@on;	
  n=3)	
  

Test	
  species	
  
Pseudokirchniriella	
   subcapitata	
   is	
   a	
  
well-­‐known	
   and	
   oJen	
   applied	
   algae	
  
in	
   toxicity	
   tests	
   and	
   was	
   therefore	
  
used	
   in	
   these	
   first	
   tests	
   for	
  
experimental	
  set-­‐up.	
  

Counts	
  


