
Preamble 

ÅIôm not going to talk about phosphorus, but 

ïDo invite Andrew Paterson to discuss phosphorus 

decline in Ontario in a warming world 

ÅIôm not going to talk about the spiny water 

flea, but 

ïIt is 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 

life, using my ñlittle living lawnmowersò (animal 

plankton) as minerôs canaries   

3. Consider the long-term implications of Ca decline 

and what we can do about it. 



Calcium (Ca) decline in 7 of 8 Dorset lakes* 
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*Molot and Dillon 2008, Yan et al. 2008, (Dorset Special Issue of CJFAS, May 2008) 

Dickie  (DE)  

Is different 



Why are calcium levels rising in Dickie Lake? 

Ca load from all un-guaged sources           ï 2700 kg/yr 

Dust suppressant added yearly  >1998       ï 10,450 L 

Ca concentration in suppressant solution    ï 196 g/L 

Ca added in dust suppressant since 1998    ï 2050 kg/yr 

 



Ca decline in 37 Muskoka/Haliburton lakes* 
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Median change = -12% 
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Why is lake water calcium (Ca) falling?  

1st, acid rain is depleting soil Ca, and soil Ca governs lake Ca 
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SO2 emissions have been reduced by 55% from 1980 

levels in Canada, and by 40% in the USA 
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And rainfall acidity has declined, but it is still acid *  

1980-1984 2000-2004 

*US EPA and Env. Canada 



Hence, soils in 21 forests in eastern North 

America and Europe are still losing Ca*  
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2nd, Logging + forest re-growth also may 

lower soil Ca, if logging is too frequent 



3rd, Climate change also plays a role: 

Ca load to Red Chalk Lake has fallen by ~40% 

R2 = 0.4459

R2 = 0.5156
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Why has the Ca load fallen?  
both the Ca concentration and the runoff from its streams have fallen 

R2 = 0.22

R2 = 0.1762
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Why has runoff fallen? 
Precipitation has fallen and temperature has risen 

R2 = 0.1028

R2 = 0.1021
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So why have lake Ca levels fallen? 

ÅLake Ca is determined by Ca levels in the soils 
and by runoff 

ïRunoff has fallen 

ïCa levels in soils have declined 

ÅDecades of acid deposition 

ÅLogging/afforestation cycles 

ïIn 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? 

Bosmina 

 0.3 mm 

Bythotrephes 

Spiny water flea 

15 mm 

Keratella 

0.05 mm 



They vary in food web position 

Polyphemus 

A predator 

Daphnia 

A herbivore 



And, they also vary in Ca needs 

Bythotrephes 

0.03% Ca 

 
(Kim & Yan CJFAS, under rev) 

Holopedium 

~0.3% Ca 

Daphnia 

~5% Ca 

(Jeziorski & Yan, 2006) 
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The ñlittle 

living 

lawnmowerò 

Daphnia* 
 

 

Itôs 2-6% Ca 

* Photo by D. Taylor, U of Buffalo 



Muskoka, formally called.. 



The 2006 Muskoka lake survey crews from York U 

Erika 

Allegra 



the occurrence of the 2 Daphnia 

species  was not related to Ca* 
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Modelled   Observed 
Pattern of occurrence 

Of 5 Daphnia species 

with Ca in 311 lakes 
(Cairns 2010 Msc) 

 

The occurrence of species  

falls at Ca levels <2 mg/L 

 

Might they have disappeared 

From these lakes? 

Allegra Cairns 



A primer in Daphnia ñpaleolimnologyò 

Abdomen with claw 

Teeth sets on abdominal claw 

Sketch of a Daphnia 

3 sets 

of teeth 



Primer in paleolimnology 2* 

Preparing to  

Take a core 

Retrieving 

The core 

Sectioning 

The core 

*from John Smol website, Queenôs U 



Loss of Daphnia from Plastic Lake core* 
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And they are lost whenever Ca < 2 mg/L* 

Measured Ca (mgĿL-1
) 1980s

0 1 2 3 4

M
e
a

s
u

re
d
 C

a
 (

m
g
ĿL

-1
) 

- 
2
0

0
4
/0

5

0

1

2

3

4
A B1:

1

Measured Ca (mgĿL
-1

) - 2000s

< 1.5

1.5 - 2
.0

2.0 - 2
.5

2.5-3.0
> 3.0

%
 c

h
a

n
g

e
 i
n

 D
a
p

h
n

ia
 s

p
p

. 
s
e

d
im

e
n
ta

ry
 m

ic
ro

fo
s
s
il 

a
b

u
n

d
a

n
c
e

-60

-40

-20

0

20

40

60

B n = 43
P = 0.023
H =11.371

5 12 13 6 7

*Michelle Palmer & Anna DeSellasô work in Jeziorski et al. (2008) 



Correlation vs. Causation? 

ÅThere are both spatial and temporal patterns 

suggesting loss of Ca-rich life (i.e. ecological 

damage) at low lake Ca, i.e Ca ~1.5 to 2 mg/L, 

but 

Å has low Ca actually caused the damage? 



The FLAMES lab at Dorset 
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Ca <2 mg/L reduces Daphnia growth in the lab* 

*Riessen, Linley, Altshuler and Yan (under review) 



And low individual growth reduces population growth 

At Ca levels <1.5 mg/L  

Ashforth & Yan (2008) 
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2 day replacement bioassay 

ÅLakes with 4 [Ca]s - 1.1, 1.3, 1.4, 2.4 mg/L 

Å17 day endpoint (July-Aug ó08) 

ÅTransfer to new tubes in field 

ÅOpen treatments with or without added 

food 

ÅClosed treatment with added Ca and 

Ca+food 

 

Animals examined in lab 

Å# of neonates 

Å# of shed carapaces 

ÅVerify survival 

But can Ca decline cause such 

losses in lakes, not just in the lab? 
Allegra Lily 



    
Lowest  Ca  Low Ca  Mid Ca  Reference  

Treatment 
Screen 

size 
1.1 mg/L 1.3 mg/L 1.4 mg/L 2.3 mg/L 

Raw 53um 


