Why Phosphorus?

William “Breck” Bowden
Patrick Professor of Watershed Science and Planning

Rubenstein School of Environment

and Natural Resources
University of Vermont

Presented to

The . ) ] .
UNIVERSITY Lake Champlain Leadership Learning Session
of VERMONT Montpelier, Vermont Sﬁa “t

Rubenstein School of Environment :
& Natural Resources 2 Fe b rua ry 2 O 1 7 Lake Champlain




Specific Concern: Cyanobacteria
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Are Algae Blooms Linked to Lou
Gehrig's Disease?

Medical researchers are now uncovering clues that appear to link some cases of ALS to

GEORGIA, VT .
people’s proximity to lakes and coastal waters

La.ke Chalnplain pmperty Va]ues hurt C red it : LC B P By Lindsey Konkel and Environmental Health Mews | December 11, 2014
by algae La r ry D u p ont For 28 years, Bill Gilmore lived in a New

Hampshire beach town, where he surfed
and kayaked. “I've been in water my whole
life,” he said. “Before the ocean, it was lakes.

IASSOCIATED PRESS JULY 25, 2015

Boston Globe (.] Uly 2015) I've been a water rat sinee I was four.”
Water pollution related to toxic algae blooms in Lake Champlain is reducing the Now Gilmore can no longer swim, fish or
values of some lakefront properties in the town of Georgia. The town’s contracted surf, let alone button a shirt or lift a fork to
assessor reduced the value of 34 homes along the lakefront on Ferrand Road by a his mouth. Earlier this year, he was

diagnosed with Amyotrophic lateral sclerosis  In New England, medical researchers are now
. s uncovering clues that appear to link some cases
(ALS), or Lou Gehrig’s disease. of the lethal neurclogical disease to people’s
proximity to lakes and coastal waters.
Credit: Jeff Reutter / Ohio Sea Grant via Flickr

total of $1.7 rnillion[, the St. Albans Messenger reported. Potentially toxic algae

blooms have led to numerous warnings from the health department, and
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The Problem
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Lessons learned from the past 20 years

Phosphorus levels in the lake are
above the allowable standards.

Vermont has taken many important
actions, especially in the last 10 years.

Cleaning up the lake ecosystem is
complex and recovery will take time.

We need to do a lot more.

Credit: US EPA



Two Big Ideas

 The Limiting Nutrient Concept

e Competitive Advantage



The Periodic Chart of Elements
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Two Ecological Assertions

Organisms are not a random
assortment of elements.

Organisms need a specific “balance”
of elements to remain healthy.

(The Concept: Ecological “Stoichiometry”)



Elemental Balance in Organisms

Just as a good cake recipe requires ...organisms require the elements C, N,
essential components in a fixed ratio... and P in a remarkably fixed ratio as well.
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Critical idea: If you run out of one ingredient
(element) you cannot make the cake (organism)!
The Limiting Nutrient Concept




So what?



Supply & Demand in Ecosystems
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Supply & Demand in Ecosystems
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Supply & Demand in Ecosystems

Photosynthesis
Nitrogen Fixation

Cyanobacteria

Nitrogen fixation gives cyanobacteria a
competitive advantage over ordinary algae.



Take-Home Messages

 Organisms (and ecosystems) require a specific
balance of elements to remain healthy.

e A scarcity of one element can “limit” the
production of the entire system even when all
other elements are in abundance.

 Organisms that can overcome the scarcity of
the limiting element have a competitive
advantage.
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