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 1) Distribution & Overuse- not enough to go around

 2) Eutrophication- too much of a good thing

 3) Emerging Pollutants & the “Tragedy of the 
Commons”

 4) “Transformer” Exotic Species

 5) Disturbances



 Impacts of eutrophication on general trends of 
primary producers in lake

 Alternate stable states for smaller lakes of intermediate 
fertility

 Shifts in macrophyte species with eutrophication

 “Ecological Stoichiometry:” a constraint on herbivory?
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 Algae need nutrients to grow
 C, N, P, Ca, etc, etc, etc

 P (sometimes N?) limit 
plankton productivity

 LOTS of data
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 AMOUT OF ALGAE:  Algae blooms….                                     
more nutrientsmore algae!

 cloud the water and block light penetration
 algae die, sink to the bottom and use up all the oxygen-

chemical changes to the water

 Shifts in algal species dominance:                              
Nutrient enrichment favors less desirable algal species 
(stimulate blue-green algae)
 Low palatability 
 Many cause taste and odor problems



 304 million lakes

 > 1000 km2 

 122 lakes
 30 % total surface area

 > 100 km2 

 1452 lakes
 37.5% of total surface area

Downing et. al. 2006, The global abundance and size distribution of 
lakes, ponds, and impoundments. L&O (51) 2388-2397

Why the focus on plankton & pelagic (open water)?  
Wetzel told us littoral zone was a “bathtub ring”
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 Ryan King 2009, two-year 
monitoring study of 26 
streams in Brazos River 
basin

 All responses showed 
strongly non-linear 
(threshold) responses



 Observation: Shallow 
lakes of intermediate 
fertility tend to exist 
either as a turbid, algal 
dominated system or as a 
clear, macrophyte
dominated system

 Lakes can, and do, 
alternate between these 
states

Fig. 1. Schematic representation of a shallow lake in a vegetation-dominated clear state (upper panel) and 
in a phytoplankton-dominated turbid state in which submerged vegetation is largely absent and fish and 
waves stir up the sediments (from Scheffer 1997).



L. Krankesjon

L. Takern

From Blindow et.al. 1993. Repeated shifts between a turbid state (green box) 
dominated by algae and a clear state dominated by macrohytes (blue line) 
between 1900 and 1990.

1900                                                     2000



(FromScheffer et al. 1993). 
LEFT: "Marble-in-a-cup" representation of the stability properties of lakes at five different levels of nutrient 
loading.
RIGHT:  Increasing nutrient load results in hysteresis where either algae or macrophytes may dominate
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 We understand that different 
species appear under different 
trophic conditions

 Table from Gabriel Thiebaut’s
2008 chapter Phosphorus and 
Aquatic Plants

Book= The Ecophysiology of
Plant-Phosphorus Interactions



 Increased fertility 
canopy-producers

bottom dwellers 
& rosette forms

erect forms

canopy producers



 Increasing fertility 
less root biomass

As fertility increases, less
root mass is needed!





 Scot Hagerthey et. al. 
2008

 High P loading has 
shifted everglades 
species dominance 
from sawgrass to cattail 



 We all remember Redfield 
ratios
 C:N:P   105:15:1

 Composition of trophic level 
“N” places significant 
constraints on level “N+1”

 It’s not just about energy 
(carbon)!



 “Biogeochemistry and population biology 
have developed independently, with few 
attempts at linkage, almost none of which 
were mechanistically based. 

 We hypothesize that biogeochemical cycling 
is linked to herbivore population dynamics 
through the influence of soil nutrient 
availability on foliar nutrient content, which 
constrains herbivore investment in 
phosphorus (P)-rich molecules necessary for 
growth.”

 Low P-availability  reduced herbivores

 PLANT NUTRIENT CONTENT MATTERS



 “Herbivores often encounter 
nutritional deficiencies in their 
diets because of low nutrient 
content of plant biomass.”

 Low P-availability  reduced 
growth rate & reproduction

 PLANT NUTRIENT CONTENT 
MATTERSIncreasing diet C:P 
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 Increasing eutrophication results in a shift from 
macrophyte dominance to algae dominance

 At levels if intermediate fertility, most lakes can exist 
in either of two stable states

 Eutrophication favors canopy-forming and floating sp.
 Water column light limitation
 Nutrient uptake

 Nutrient content of plant biomass places constraints 
on herbivore populations
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