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stressors, limiting calcium concentrations could be higher.
Based on a dataset of 770 lakes in Ontario, approximately
35% currently have calcium levels below 1.5 mg/L. Many
lakes on the Precambrian Shield in Ontario are nearing or
have recently crossed this important threshold.

Forest Harvesting
Acid rain is not the only stressor affecting calcium levels in Ontario’s
Precambrian Shield lakes. As mentioned previously, forest
growth is one way in which calcium is removed from watershed
soils. The removal of timber, and the re-growth of forests
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following timber harvesting, can further diminish the supply of

Under natural conditions (i.e., without human influence),

Climate Change

calcium levels in soils are governed by inputs from mineral
weathering of rocks and atmospheric deposition of calciumrich dust, and losses through uptake by growing forests, and
leaching to lakes and rivers (Figure 2a).

calcium in soils that is available for export to lakes (Figure 2c).

Calcium decline is likely exacerbated by climate change.
A recent study examined 29 years of calcium data from
three intensively-studied lakes in south-central Ontario
and found that calcium decline has worsened with recent
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warming. Climate change in this region has led to decreased
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harvesting, which are described on page 2.
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Centre (DESC) have been monitoring calcium levels
in south-central Ontario lakes and streams since
1976. They have found that calcium concentrations
have declined significantly over the period of record
in their long-term study lakes.

(b) Impacts of Acid Rain on Calcium Availability
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The DESC is also involved with monitoring lakes
for water chemistry (including calcium) throughout
the province as part of the Broad-scale Monitoring
Program, a collaborative monitoring program with
the Ministry of Natural Resources and Forestry.
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Modified from Smol J.P., 2010. Freshwater Biology 55:43-59
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lcium in soils is normally replaced by the

weathering of bedrock, which is a slow process.
Long-term, sustainable solutions to address calcium
decline have yet to be developed. Here are some
examples of what we can do to reduce the potential
impacts of calcium decline:
1. Support the government’s efforts to reduce SO2 and
NOX emissions to reduce acid deposition rates;
2. Work with the Ministry of Natural Resources and
Forestry to consider soil nutrients, especially
calcium status, when they set logging quotas;
3. Join Ontario’s Lake Partner Program to help monitor
Ontario’s lakes. You can visit www.ontario.ca/
lakepartner or www.desc.ca for more information.

Figure 2. (a) Ca availability prior to human influence. In this
undisturbed ecosystem, calcium concentrations remained
relatively stable because calcium outputs were balanced by
inputs. Specifically, mineral weathering of rocks and atmospheric
deposition of calcium-rich dust were the main sources of calcium
to soils. The major outputs were forest re-growth and the leaching
of calcium to lakes and rivers;
(b) The impacts of acid rain on calcium availability. During the early
stages of acidic rain (early to mid-twentieth century), the leaching
of calcium from watershed soils was accelerated, and the calcium
available in soils decreased over time; and
(c) The combined effects of acid rain and forest harvesting on
calcium availability. Eventually, with continued acid rain, the pool
of available calcium in watershed soils was diminished to the
point that calcium leaching was greatly reduced. In addition, other
disturbances, such as forest harvesting, caused additional loss of
calcium from the ecosystem. Following harvesting, forest regrowth
removed more calcium from the soil.
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