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Fire-­‐derived	
  nutrients	
  in	
  aqua8c	
  ecosystems:	
  
1)	
  Fires	
  unlock	
  terrestrial	
  nutrients	
  for	
  transport	
  to	
  aqua7c	
  systems	
  
2)	
  Elevated	
  aqua7c	
  nutrients	
  s7mulate	
  primary	
  produc7on	
  
3)	
  Increased	
  primary	
  produc7on	
  produces	
  more	
  aqua7c	
  
invertebrates	
  
4)	
  Aqua7c	
  invertebrates	
  provide	
  increased	
  food	
  for	
  predators	
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-­‐Among	
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  NA	
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-­‐Current	
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  highest	
  in	
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  record	
  



Phosphorus	
  

Nitrogen	
  

Algae	
  
Aqua7c	
  

Invertebrates	
  

Waterbirds	
  

Hypothesis:	
  

Terrestrial	
  nutrients	
  released	
  by	
  fires	
  are	
  transported	
  
to	
  lakes,	
  s8mula8ng	
  increased	
  primary	
  produc8vity,	
  
which	
  may	
  radiate	
  through	
  mul8ple	
  trophic	
  levels.	
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We	
  Measured:	
  

1)  Total	
  nitrogen	
  &	
  total	
  phosphorus	
  concentra8on	
  
2)  Chlorophyll	
  a	
  concentra8on	
  
3)  Aqua8c	
  invertebrate	
  density	
  
4)  Abundance	
  of	
  waterbird	
  chicks	
  
	
  	
  	
  	
  	
  	
  	
  (waterbirds	
  =	
  ducks,	
  loons,	
  grebes)	
  



Before:	
  	
  1	
  year	
  pre-­‐fire	
  data	
  

AXer:	
  	
  2	
  years	
  post-­‐fire	
  data	
  

Control:	
  	
  7	
  unburned	
  lakes	
  

Impact:	
  	
  7	
  burned	
  lakes	
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no	
  fire	
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Gatherer:	
  
no	
  fire	
  effect	
  



Predator:	
  
+	
  fire	
  effect	
  



Scraper:	
  
no	
  fire	
  effect	
  



Shredder:	
  
+	
  fire	
  effect	
  



Expected	
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  of	
  waterbird	
  chicks	
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Why	
  were	
  there	
  no	
  fire-­‐induced	
  changes	
  in	
  aqua8c	
  nutrients?	
  

Our	
  Yukon	
  Flats	
  Lakes	
  

Total	
  Nitrogen	
  =	
  2199 µg/l 
Total	
  Phosphorus	
  =	
  59 µg/l	
  

1)  Naturally	
  Eutrophic	
  Lakes	
  
•  Dampens	
  impact	
  of	
  nutrient	
  input	
  

Mackenzie	
  Delta	
  Lakes	
  

TN	
  =	
  1000 µg/l 
TP	
  =	
  17 µg/l	
  

Canadian	
  Shield	
  Lakes	
  

TN	
  =	
  280 µg/l 
TP	
  =	
  12 µg/l	
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2)	
  Small	
  Catchments	
  
• 	
  	
  	
  Flat	
  landscape	
  (<	
  10m),	
  few	
  drainage	
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• 	
  	
  	
  Restricts	
  transport	
  of	
  nutrients	
  



Why	
  were	
  there	
  no	
  fire-­‐induced	
  changes	
  in	
  aqua8c	
  nutrients?	
  

Our	
  Yukon	
  Flats	
  Lakes	
  

Total	
  Nitrogen	
  =	
  2199 µg/l 
Total	
  Phosphorus	
  =	
  59 µg/l	
  

1)  Naturally	
  Eutrophic	
  Lakes	
  
•  Dampens	
  impact	
  of	
  nutrient	
  input	
  

Mackenzie	
  Delta	
  Lakes	
  

TN	
  =	
  1000 µg/l 
TP	
  =	
  17 µg/l	
  

Canadian	
  Shield	
  Lakes	
  

TN	
  =	
  280 µg/l 
TP	
  =	
  12 µg/l	
  

2)	
  Small	
  Catchments	
  
• 	
  	
  	
  Flat	
  landscape	
  (<	
  10m),	
  few	
  drainage	
  networks	
  
• 	
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3)	
  Permafrost	
  
• 	
  	
  	
  Restricts	
  subsurface	
  flow	
  and	
  nutrient	
  transport	
  



Why	
  did	
  shredder	
  and	
  predator	
  invertebrates	
  increase?	
  

• 	
  98%	
  of	
  shredders	
  were	
  amphipods	
  
• 	
  amphipods	
  are	
  generalists	
  that	
  respond	
  well	
  
to	
  disturbances	
  

• 	
  Predators	
  responded	
  to	
  increased	
  amphipods	
  
• 	
  Amphipods	
  were	
  most	
  numerous	
  invert	
  



Why	
  did	
  abundance	
  of	
  waterbird	
  chicks	
  decrease	
  on	
  both	
  
burned	
  and	
  unburned	
  lakes	
  aaer	
  the	
  fire?	
  

1)  From	
  waterbird	
  perspec8ve,	
  fire	
  
adversely	
  impacted	
  en8re	
  study	
  
area	
  

•  Loss	
  of	
  nes7ng	
  habitat	
  

Lesser	
  Scaup	
  nest	
  

2)	
  	
  Not	
  related	
  to	
  fire;	
  caused	
  by	
  
factors	
  opera8ng	
  at	
  large	
  spa8al	
  
scales	
  

•  E.g.,	
  predators,	
  poor	
  weather,	
  
poor	
  winter	
  condi7ons	
  



Mul8-­‐trophic	
  Resilience	
  of	
  Boreal	
  Lakes	
  

Effects	
  of	
  Fire	
  

1)  No	
  change	
  in	
  nitrogen,	
  phosphorus,	
  and	
  chlorophyll	
  concentra8ons	
  

2)  No	
  change	
  in	
  densi8es	
  of	
  filterers,	
  gatherers,	
  and	
  scrapers	
  

3)  Increased	
  density	
  of	
  shredders	
  and	
  predators	
  

4)  No	
  change	
  in	
  abundance	
  of	
  waterbird	
  chicks	
  

Yukon	
  Flats	
  lakes,	
  and	
  similar	
  boreal	
  lakes	
  (small	
  catchments,	
  
high	
  nutrients),	
  are	
  largely	
  resilient	
  to	
  forest	
  fires	
  	
  



Thanks…	
  

Funding	
  Sources:	
  

• 	
  Alaska	
  Science	
  Center,	
  U.S.	
  Geological	
  Survey	
  
• 	
  Yukon	
  Flats	
  Na7onal	
  Wildlife	
  Refuge	
  
• 	
  George	
  Melendez	
  Wright	
  Fellowship,	
  Na7onal	
  Park	
  Service	
  
• 	
  Science	
  Support,	
  U.S.	
  Fish	
  &	
  Wildlife	
  Service	
  


