Songbirds, snails, and soils:
Calcium limitations in acidified
forest ecosystems in Pennsylvania






Forest soils in Pennsylvania tend to be acidic and low in

Agriculture is located in areas with
high quality soils

Forests remain or regenerate in areas
unsuitable for agriculture

Forest growth and maturation can
change soil conditions




Human activities can also cause forest soils to become
increasingly acidic and nutrient depleted

Forest harvesting




Human activities can also cause forest soils to become
increasingly acidic and nutrient depleted

Hydrogen ion concentration as pH from measurements
made at the Central Analytical Laboratory, 2007

Sites not pictured:

AKO1 5.1
AKD3 5.3
PR20 5.2

Vi1 5.0

National Atmospheric Deposition Prograrm/National Trends Network
http:/inadp.sws.uiuc.edu



Acidic deposition causes the depletion of soil nutrients




Soil calcium and pH have decreased in PA forests

1967 to 1997 (Bailey et al. 2005): Oa/A-horizon soil calcium went from 4.7 to 1.1 cmol /kg
pH went from 3.9 to 2.9

1957 to 1993 (Drohan and Sharpe 1997): A-horizon soil Ca went from 0.33 to 0.08 meq/100g
pH went from 4.42 to 4.19






Evidence that changes in soil conditions are affecting
bird populations in the USA

Pockets of declining bird abundances in
high elevation forests (James et al. 1996)

Low probability of observing breeding Wood Thrushes

in areas receiving high levels of acidic deposition
(Hames et al. 2002)












Reproductive anomalies in forest birds in Europe
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Great tits laid eggs with thin or no eggshells in

forests impacted by acidic deposition
(Graveland et al. 1994)



At
3

Soil Calcium

£

o




We observed Ovenbird territory size and
reproduction under different soil calcium levels

We experimentally manipulated soil calcium levels
using limestone sand

We used a modified log skidder to apply
lime to two, 100-ha forest watersheds

We used a BACI design
2003: Before
2004-2008: After
2 Control, 2 lime-treated sites

4500 kg/ha dolomitic limestone sand



Positive effect of liming on soil calcium
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Positive effect of liming on snail abundance
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Positive effect of liming on Ovenbird territory
density
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Larger Ovenbird clutch sizes in limed sites
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No effect of liming on Ovenbird eggshell
thickness
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Liming improved habitat quality for the Ovenbird

Ovenbird productivity and abundance were limited
by Ca without having thin eggshells

Because vegetation did not change, increased calcium-rich
foods was the most likely mechanism









We studied bird community composition in forests with
a range of soil calcium availabilities

0 g 100 200 Kllometers

14 forest sited across central Pennsylvania with a
range of soil calcium conditions

Determined how bird community composition is related
to soil calcium and examined linking mechanisms
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Abundance (birds/point)
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Wood Thrush abundances were best explained by
the basal area of acid-sensitive trees
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Ovenbird were abundant in all forests
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Ovenbird were calcium-limited in forests with

low-calcium soils
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Black-throated Blue Warbler abundances were
best explained by mountain laurel density
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Black-throated Blue Warbler abundances were
limited by calcium in the liming study
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Based on observational results:




Based on experimental results:




Based on experimental results:

Less productive More productive
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All forest songbird species could potentially be
negatively affected by soil acidification

Birds that are associated with vegetation on high-calcium
soils are at risk of losing habitat

. Birds that are associated with vegetation on low-calcium
soils may be calcium-limited

Generalist forest birds may be calcium-limited in
much of their habitat
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We observed similar relationships with natural
variation in soil calcium
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We observed similar relationships with natural
variation in soil calcium
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We observed similar relationships with natural
variation in soil calcium
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