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Proxy-­‐records	
  
Virtually	
  all	
  biological,	
  chemical	
  and	
  physical	
  processes	
  that	
  are	
  studied	
  in	
  limnology	
  leave	
  
evidence	
  in	
  sediments,	
  but	
  sedimentary	
  records	
  are	
  subject	
  to	
  informa1on	
  loss	
  because	
  of	
  
many	
  factors,	
  including	
  those	
  that	
  affect	
  variable	
  distribu1on	
  of	
  sedimentary	
  cons1tuents	
  and	
  
post-­‐deposi1onal	
  changes	
  (Cohen,	
  2003).	
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Sediment: an ecosystem’s memory

a) b)

Aims
•

•
•

To provide high-resolution, paleoenvironmental (e.g. pH, P) and paleoclimatic inferences using a range 
of chemical and biological proxies.

To measure the temporal effect of climate change and anthropogenic impact on lake ecosystem 
structure and processes.

To establish historical data that can be used to calibrate and validate numerical models. 

Lake sediment cores are taken using corers operated from a boat or platform 
(Photo a).
Cores are then cut longitudinally to reveal their internal structure (Photo b).
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Geochemical and biological indicators we commonly analyze in sediment cores.
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One	
  example	
  is	
  the	
  increase	
  in	
  small	
  planktonic	
  diatoms	
  with	
  climate	
  
warming	
  (e.g.	
  Cyclotella	
  sensu	
  lato,	
  including	
  representa1ves	
  of	
  
Cyclotella,	
  Discostella,	
  and	
  Punc1culata)	
  (Ru¨hland	
  et	
  al.	
  2008).	
  
	
  
Many	
  studies	
  have	
  reported	
  their	
  increase	
  and,	
  in	
  some	
  cases,	
  a	
  
concomitant	
  decline	
  of	
  large	
  filamentous	
  diatoms	
  (e.g.	
  Aulacoseira	
  
taxa).	
  
Increase	
  in	
  the	
  length	
  of	
  the	
  growing	
  season	
  and	
  periods	
  of	
  high	
  
stability	
  of	
  the	
  water	
  column	
  (compared	
  to	
  those	
  of	
  intense	
  mixing).	
  

These	
  species,	
  as	
  any	
  other	
  respond	
  neither	
  directly	
  to	
  weather	
  nor	
  
climate,	
  but	
  to	
  proximal	
  growing	
  condi1ons	
  hytoplankton	
  species,	
  
respond	
  (nutrients,	
  light,	
  temperature,	
  mixing	
  regimes,	
  grazing),	
  
which	
  can	
  appear	
  or	
  disappear	
  under	
  different	
  combina1ons	
  of	
  actors	
  
forcing	
  the	
  lake	
  system.	
  
	
  
Therefore,	
  Cyclotella	
  or	
  any	
  other	
  diatom	
  taxon	
  cannot	
  be	
  used	
  as	
  a	
  
lake	
  thermometer	
  by	
  itself.	
  

Ruhland K, Paterson AM, Smol JP (2008) Hemispheric-scale patterns of 
climate-related shifts in planktonic diatoms from North American and 
European lakes. Glob Change Biol 14:2740–2754	
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SubmiVed	
  to	
  Ecology	
  LeVers	
  

Increases	
   in	
   atmospheric	
   temperature	
   and	
   nutrients	
   from	
  
land	
   are	
   thought	
   to	
   results	
   in	
   the	
   expansion	
   of	
   harmful	
  
cyanobacteria	
   in	
   lakes	
   worldwide,	
   yet	
   to	
   date	
   there	
   has	
  
been	
  no	
  quan1ta1ve	
  synthesis	
  of	
  long-­‐term	
  trends.	
  

To	
  test	
  whether	
  cyanobacteria	
  have	
  increased	
  over	
  the	
  past	
  
~200	
   years	
   and	
  evaluate	
   the	
   rela1ve	
   influence	
  of	
  poten1al	
  
causal	
   mechanisms,	
   we	
   synthesized	
   108	
   highly-­‐resolved	
  
sedimentary	
   1me	
   series	
   and	
   18	
   decadal-­‐scale	
   monitoring	
  
records	
  from	
  north	
  temperate-­‐subarc1c	
  lakes.	
  
	
  
We	
  demonstrate	
  that	
  
1)  cyanobacteria	
   have	
   increased	
   significantly	
   since	
   ca.	
  

1800	
  CE	
  
2)  they	
  have	
  increased	
  dispropor1onately	
  rela1ve	
  to	
  other	
  

phytoplankton	
  
3)  cyanobacteria	
  increased	
  more	
  rapidly	
  post	
  ca.	
  1945	
  CE.	
  	
  
4)  Varia1on	
  among	
  lakes	
  in	
  the	
  rates	
  of	
  increase	
  was	
  best	
  

explained	
   by	
   nutrient	
   concentra1on,	
   and	
   temperature	
  
was	
  of	
  secondary	
  importance.	
  	
  

Analysis of fossil records containing biomarkers of both 
phytoplankton groups showed that non-linear increases after ca. 
1945 CE were significantly (χ2year-pigment=14.3, P<0.0001) and 
disproportionately larger for cyanobacteria than for diatoms. 	
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The	
  ques?on:	
  
	
  
Reference	
  condi1on	
  for	
  phosphorus	
  in	
  the	
  large	
  
Italian	
  lakes	
  
	
  
Paleolimnological	
  apporach:	
  

Fossil	
  diatoms	
  

Sedimentary	
  pigments	
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Local	
  human	
  perturba1ons	
  increase	
  lakes	
  vulnerability	
  to	
  climate	
  changes	
  -­‐	
  	
  A	
  pan-­‐-­‐European	
  test	
  

1	
   .	
  comparing	
  the	
  responses	
  of	
  pelagic	
  biological	
  communi1es	
  to	
  climate	
  change	
  between	
  the	
  15	
   lakes	
  and	
  
quan1fying	
  	
  the	
  synchronicity	
  or	
  in	
  contrast	
  the	
  idiosyncracy	
  in	
  pelagic	
  responses	
  to	
  CC	
  
 
2	
   .	
   To	
   assess	
   whether	
   and	
   to	
   what	
   extent	
   the	
   variability	
   of	
   responses	
   depend	
   on	
   geomorphological	
  
characteris1cs	
  and	
  intensity	
  of	
  local	
  human	
  pressures	
  of	
  lakes. 



... take-home messages 

•  paleolimnology	
  relies	
  on	
  interdisciplinary	
  approaches	
  to	
  compensate	
  for	
  
informa1on	
  loss,	
  and	
  to	
  resolve	
  the	
  complexity	
  of	
  differen1al	
  interpreta1ons	
  
about	
  ecosystem	
  changes	
  and	
  driving	
  forces.	
  (Withmore	
  Jlimnol	
  2014)	
  

•  morphologically	
  comparable	
  ecosystems	
  under	
  similar	
  climate	
  forcing	
  are	
  not	
  
evenly	
  sensi1ve	
  and	
  these	
  differences	
  in	
  vulnerability	
  to	
  climate	
  warming	
  
depend	
  on	
  local	
  stressors.	
  	
  

•  Contribute	
   to	
   the	
   debate	
   about	
   the	
   predictability	
   of	
   the	
   impacts	
   of	
   climate	
  
change	
  on	
  ecosystems	
  

•  understanding	
  the	
  role	
  of	
  local	
  vs	
  global	
  forcing	
  when	
  extrapola1ng	
  from	
  one	
  
site	
  to	
  another.	
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