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SUMMARY

1.	
   In	
  this	
  project,	
  paleolimnological	
  techniques	
  were	
  used	
  to	
  reconstruct	
  the	
  trophic	
  and	
  

2.	
   -­‐

reconstruct	
  changes	
  in	
  lake	
  ecology	
  and	
  trophic	
  state.	
  	
  

3.	
   -­‐

the	
  average	
  rate	
  from	
  1820	
  to	
  1931.	
  	
  	
  	
  	
  	
  

4.	
   -­‐

watershed.	
  	
  

5.	
   Throughout	
  the	
  core	
  the	
  diatom	
  community	
  assemblage	
  is	
  dominated	
  by	
  planktonic	
  spe-­‐

mesotrophic	
  to	
  eutrophic/hypereutrophic.	
  

6.	
  
1900s.	
  	
  

7.	
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INTRODUCTION

Within	
  the	
  glaciated	
  regions	
  of	
  the	
  Upper	
  Midwest,	
  lakes	
  feature	
  prominently	
  in	
  the	
  landscape	
  
and	
  are	
  a	
  valued	
  resource.	
  	
  Current	
  and	
  historical	
  land	
  and	
  resource	
  uses	
  around	
  the	
  lakes	
  in	
  
this	
  region	
  have	
  raised	
  concerns	
  about	
  the	
  state	
  of	
  the	
  lakes	
  and	
  how	
  to	
  best	
  manage	
  them	
  in	
  

With	
  any	
  lake	
  management	
  plan	
  it	
  is	
  important	
  to	
  have	
  a	
  basic	
  understanding	
  of	
  natural	
  

generally	
  not	
  available	
  for	
  most	
  regions	
  of	
  the	
  country.	
  	
  Through	
  the	
  use	
  of	
  paleolimnological	
  

to	
  and	
  recovery	
  from	
  short-­‐term	
  disturbances.	
  	
  In	
  this	
  project,	
  paleolimnological	
  techniques	
  

occurred	
  in	
  the	
  lake	
  during	
  the	
  last	
  150-­‐200	
  years.

The	
  primary	
  aim	
  of	
  this	
  project	
  was	
  to	
  use	
  paleolimnological	
  analysis	
  of	
  a	
  dated	
  sediment	
  core	
  

in	
  the	
  watershed.	
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2001

presence	
  of	
  nuisance	
  algae,	
  such	
  as	
  blue-­‐green	
  algae.

METHODS	
  -­‐	
  SEDIMENT	
  CORING

of	
  diatom	
  community	
  structure	
  from	
  the	
  lake	
  as	
  a	
  whole.	
  	
  The	
  piston	
  core	
  was	
  taken	
  using	
  a	
  
drive-­‐rod	
   	
  	
  A	
  
Livingstone	
  corer	
  was	
  used	
  to	
  collect	
  a	
  secondary	
  core	
  from	
  sediment	
  depths	
  below	
  that	
  of	
  the	
  

N,	
  93.45673 °W,	
  in	
  8.89	
  m	
  of	
  water.	
  	
  The	
  piston	
  core	
  
recovered	
  0.85	
  m	
  of	
  sediment;	
  the	
  Livingstone	
  core	
  recovered	
  1.00	
  m	
  of	
  sediment,	
  with	
  0.10	
  m	
  
of	
  overlap	
  with	
  the	
  piston	
  core.	
  	
  Cores	
  were	
  returned	
  to	
  the	
  laboratory	
  and	
  stored	
  at	
  4°C.	
  	
  	
  	
  	
  

METHODS	
  -­‐	
  GEOCHEMISTRY

C	
  to	
  determine	
  dry	
  density,	
  
C	
  and	
  1000°C	
  to	
  determine	
  organic	
  and	
  carbonate	
  content	
  from	
  

METHODS	
  -­‐	
  LEAD-­‐210	
  DATING

METHODS	
  -­‐	
  DIATOM	
  AND	
  NUMERICAL	
  ANALYSES

prepared	
  for	
  diatom	
  analysis.	
  	
  

Diatom	
  and	
  chrysophyte	
  cysts	
  were	
  prepared	
  by	
  placing	
  approximately	
  0.25	
  cm3

sediment	
  in	
  a	
  50	
  cm3	
  polycarbonate	
  centrifuge	
  tube,	
  and	
  adding	
  2-­‐5	
  drops	
  of	
  10%	
  v/v	
  HCl	
  

of	
  the	
  remaining	
  material,	
  containing	
  the	
  diatoms,	
  were	
  dried	
  onto	
  22x22	
  mm	
  #1	
  coverglasses,	
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closer	
  to	
  one	
  another	
  have	
  more	
  similar	
  diatom	
  assemblages.

.

2

.

by	
  its	
  abundance	
  in	
  that	
  sample,	
  and	
  determining	
  the	
  average	
  of	
  the	
  combined	
  weighted	
  species	
  

METHODS	
  -­‐	
  ALGAL	
  PIGMENT	
  ANALYSES

2

RESULTS	
  AND	
  DISCUSSION	
  -­‐	
  GEOCHEMISTRY
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RESULTS	
  AND	
  DISCUSSION	
  -­‐	
  DATING	
  AND	
  SEDIMENTATION

0.0092	
  to	
  .0911	
  g/cm2 2	
  yr	
  in	
  1939;	
  although	
  the	
  
2	
  yr	
  

from	
  1943	
  to	
  2010,	
  which	
  is	
  almost	
  tenfold	
  higher	
  than	
  the	
  average	
  from	
  1820	
  to	
  1931.	
  	
  The	
  

1930s	
  samples.	
  	
  	
  	
  	
  	
  

RESULTS	
  AND	
  DISCUSSION	
  -­‐	
  DIATOM	
  STRATIGRAPHY	
  AND	
  ORDINATION

1774	
  is	
  somewhat	
  unique	
  in	
  its	
  diatom	
  community	
  assemblage,	
  and	
  plots	
  away	
  from	
  the	
  other	
  

1774,	
  Aulacoseira	
  granulata	
  makes	
  up	
  nearly	
  80%	
  of	
  the	
  diatom	
  assemblage,	
  making	
  this	
  sample	
  

Stephanodiscus	
  species,	
  Cyclostephanos	
  species,	
  Asterionella	
  formosa,	
  Fragilaria	
  species,	
  
Tabellaria	
  quadriseptata,	
  and	
  Aulacoseira	
  granulata.	
  	
  From	
  1943	
  to	
  the	
  present,	
  the	
  assemblage	
  
is	
  largely	
  dominated	
  by	
  Stephanodiscus	
  and	
  Cyclostephanos

Aulacoseira	
  granulata	
  and	
  an	
  
increase	
  in	
  Asterionella	
  formosa	
  and	
  Fragilaria	
  crotonensis.	
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RESULTS	
  AND	
  DISCUSSION	
  -­‐	
  PHOSPHORUS	
  RECONSTRUCTION

determine	
  if	
  changes	
  in	
  the	
  diatom	
  assemblage	
  in	
  the	
  core	
  correlate	
  with	
  the	
  TP	
  gradient	
  in	
  the	
  

Lake	
  core	
  follows	
  the	
  TP	
  gradient,	
  which	
  is	
  closely	
  correlated	
  with	
  Axis	
  1;	
  however,	
  the	
  fact	
  that	
  

change.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

extremely	
  high	
  abundance	
  of	
  Aulacoseira	
  granulata.	
  	
  This	
  peak	
  corresponds	
  with	
  the	
  highest	
  

RESULTS	
  AND	
  DISCUSSION	
  -­‐	
  HISTORICAL	
  ALGAL	
  COMMUNITIES	
  AND	
  PRODUCTION

a	
  represent	
  total	
  

in	
  nutrient-­‐rich	
  waters.	
  	
  Pigments	
  from	
  the	
  cyanobacteria	
  could	
  be	
  further	
  broken	
  down	
  into	
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waters.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

CONCLUSIONS

mesotrophic	
  to	
  eutrophic/hypereutrophic	
  system	
  in	
  the	
  early	
  1940s.	
  	
  This	
  suggests	
  that	
  the	
  large	
  

that	
  both	
  lakes	
  have	
  been	
  meso-­‐	
  to	
  eutrophic	
  over	
  the	
  past	
  two	
  hundred	
  years.	
  	
  However,	
  the	
  

increased	
  in	
  the	
  early	
  1900s	
  and	
  peaked	
  in	
  the	
  1980s,	
  and	
  the	
  major	
  change	
  in	
  the	
  diatom	
  

watersheds.	
  	
  

assemblage	
  in	
  1774	
  is	
  analogous	
  to	
  the	
  shallow,	
  wind-­‐swept	
  lakes	
  of	
  the	
  Western	
  Minnesota	
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Table  1.    Samples  prepped  for  diatom  analysis.

Depth  (cm) Lead-­210  Date
0.5 2013
24.5 2003
40.5 1995
60.5 1983
76.5 1975
96.5 1967
117.5 1955
127.5 1943
135.5 1931
143.5 1900
147.5 1850
149.5 1820
151.5 1789
152.5 1774
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Figure  1.    Percent  dry  weight  of  organic,  CaCO3,  and  inorganic  matter  in  the  Arctic  Lake  

piston  and  Livingstone  core  plotted  against  core  depth.
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Figure  2.    Unsupported  lead-­210  activity  (a),  lead-­210  dating  model  (b),  and  sediment  

accumulation  rate  (c)  for  Arctic  Lake.    
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Figure  3.    Detrended  correspondence  analysis  (DCA)  of  diatom  communities  from  Arctic  

Lake.          
D
C
A
2
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Figure  4.    Downcore  stratigraphy  for  predominant  diatom  taxa  (greater  than  or  equal  to  

5%  relative  abundance)  in  Arctic  Lake  (1774-­2013).      
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Figure  5.    Ratio  of  chrysophyte  cysts  to  diatom  valves  in  the  Arctic  Lake  core.    
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Figure  6.    The  core  sections  from  Arctic  Lake  projected  onto  the  MN  calibration  set.    

Symbols  represent  the  89  MN  lakes  in  the  calibration  set,  environmental  vectors  are  

shown  on  the  inset  plot.    Note  that  logTP  is  strongly  correlated  with  Axis  1.        
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Figure  7.    Diatom-­inferred  total  phosphorus  (TP)  reconstruction  for  Arctic  Lake.    

Reconstruction  is  shown  as  log  TP  (left  panel)  and  as  backtransformed  values  in  

micrograms  per  liter  (right  panel).    Error  estimates  on  log  TP  are  plus  and  minus  the  root  

mean  square  error  of  prediction  from  the  TP  transfer  function.                
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The  group  of  algae  associated  with  each  pigment  is  shown  along  the  x-­axis.    Pigment  

concentrations  are  reported  as  ug  per  g  organic  matter.                        
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