Preamble

Al 6matgoing to talk about phosphorus, but

I Do invite Andrew Paterson to discuss phosphorus
decline in Ontario in a warming world
Al m not going to tal
flea, but

I Itis the worst threat to pelagic diversity since acid
rain



The threat of Calcium (Ca) decline for the
life in Canadian Shield lakes




My objectives

1. Briefly review evidence for, and causes of
environmental Calcium (Ca) decline, with its links
to acidification, logging and climate change

2. Prove that Ca has fallen enough to damage aquatic
| f e, using my nlittl e
ol ankton) as miner o0s ca

3. Consider the longerm implications of Ca decline
and what we can do about it.




Ice-Free Ca (mg A)L

Calcium (Ca) decline in 7 of 8 Dorset lakes*
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Why are calcium levels rising in Dickie Lake?

I 2700 kglyr |
Dust suppressant added yearly >1998 10,450L |
Ca concentration in suppressant solutian196 g/L |
Ca added in dust suppressant since 1902050 kg/yrib’n‘-:




Ca decline in 37 Muskoka/Haliburton lakes*
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Why is lake water calcium (Ca) falling?

15t acid rain is depleting soil Ca, and soil Ca governs lake (

Biomass
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w = weathering H, Al
d = deposition Ca A
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Al - aluminum Thanks to Shaun Watmough, Trent U



Emissions fronbudbury smelters

SO, emissions have been reduced by 55% from 198(
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And rainfall acidity has declined, but it is still acid *
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*US EPA and Env. Canada



Hence, solls In 21 forests in eastern North
America and Europe are still losing Ca*
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2nd Logging + forest regrowth also may
lower soll Ca, If logging Is too frequent
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39, Climate change also plays a role:
Ca load to Red Chalk Lal®as fallen by ~40%
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Why has the Ca load fallen?

both the Ca concentration and the runoff from its streams have faller
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Why has runoff fallen?

Precipitation has fallen and temperature has risen
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So why have lake Ca levels fallen?

A Lake Ca is determined by Ca levels in the soil
and by runoff

I Runoff has fallen

| Ca levels in soils have declined
ADecades of acid deposition
ALogging/afforestation cycles
I In the short term, reductions in acid deposition

have augmented the issue, although, in the-long
term, reductions in acid deposition are crucial to

solving the problem



2. Has Ca decline damaged aquatic life, eg.
Caused extinctions of animal plankton species’

_ Bythotrephes
Keratella Bosmina Spiny water flea
0.05 mm 0.3 mm 15 mm



They vary In food web position

Polyphemus Daphnia
A predator A herbivore



And, they also vary in Ca needs

Bythotrephes Holopedium Daphnia
0.03% Ca ~0.3% Ca ~5% Ca

(Kim & Yan CJFAS, under rev) (Jeziorski & Yan, 2006)



Ca needs differ among species
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The nl |
living
| awnmowe
Daphnia*

| t 66% C2

* Photo by D. Taylor, U of Buffalo



Muskoka, formally called..
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Frequency of Occurrence in the bin
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Observed frequency / Modeled probability of presence
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A primer inDaphnian pal eol I mr

navpliz v eye

vostrum

thorecopods ¢
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Sketch of a Daphnia

Teeth sets on abdominal claw



Primer in paleolimnology 2*

Retrieving
The core
Sectioning
The core
Preparing to
Take a core
*from John Smol U



Loss ofDaphniafrom Plastic Lake core*
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And they are lost whenever Ca < 2 mg/L*
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Correlation vs. Causation?

A There are both spatial and temporal patterns
suggesting loss of Gach life (i.e. ecological
damage) at low lake Ca, i.e Ca ~1.5 to 2 mg/L
but

A has low Ca actually caused the damage?
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Ca <2 mg/L reducelaphniagrowth in the lab*

16 D. pulex growth at instar IV with ~ Chaoborus kairomone
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And low individual growth reduces population growth
At Ca levels <1.5 mg/L
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But can Ca decline cause such 4
losses in lakes, not just in the lab?

2 day replacement bioassay

A Lakes with 4 [Ca]s 1.1, 1.3, 1.4, 2.4 m
A 17 day endpoint(JulAu g 60 8)
A Transfer to new tubes in field

A Open treatments with or without added
food

A Closed treatment with added Ca &
Ca+food

Animals examined in lab




Experimental Set up

Lowest Ca Low Ca
1.1 mg/L 1.3 mg/L

Screen
s|ze

Treatment

Raw 53um




