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Atmospheric nitrogen leads to loss of plant
diversity in sites across US
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Nitrogen deposition (gray-scale) and critical loads for nitrogen deposition
(colored symbols). Non-canopied sites are portrayed with triangles, and the
canopy sites with circles. Credit: UC Riverside
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Scientists, including a University of California, Riverside professor,
studied more than 15,000 sites in the United States and found that
increased nitrogen deposits from human activities are causing a decrease
in the diversity of plant species.

Atmospheric nitrogen deposition is increasing due to such things as
fossil fuel combustion, agricultural fertilizer application and livestock
waste. While smaller amount of nitrogen may act as fertilizer,
stimulating growth in plants, large accumulated amounts can decrease
soil health and cause a loss in the number of plant species.

The team of researchers found that nitrogen deposition exceeded critical
loads for loss of plant species richness in 24 percent of the 15,136 sites
they examined. Those sites included forest, woodland, shrubland and
grassland sites across the continental United States.

They also found there were negative relationships between species
richness and nitrogen deposition in 36 percent of 44 vegetation
communities across nitrogen deposition gradients.

And they found that the effects of Nitrogen deposition on plant species
richness was more pronounced in acidic versus neutral or basic soil and
in dry versus wet climates.

"These findings are pertinent to the protection of biodiversity and human
welfare and should be considered when establishing air quality
standards," the researchers write in a paper that outlines the findings that
was published this week in the journal Proceedings of the National

Academy of Sciences (PNAS).
They also write: "This identification of vulnerable ecosystems and
influential environmental factors is critical for managers to set

monitoring and conservation priorities."
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The paper, "Conditional vulnerability of plant diversity to atmospheric
nitrogen deposition across the United States," was co-authored by Edith
Allen, a professor of plant ecology at UC Riverside and a member of the
university's Center for Conservation Biology. She helped organize the
group of 17 researchers that contributed to the paper.

Global emissions of reactive nitrogen to the atmosphere and subsequent
deposition onto land have tripled in the last century. Past studies in
Europe and the United States have shown elevated nitrogen levels cause
decreases in plant species richness, but those studies have either been
small scale or focused on grassland ecosystems.

Thus, translation of these findings to nongrassland systems or to large
regions of the United States may not be appropriate. To address this
critical gap, the researchers designed the widespread study on a wide-
range of ecosystems in the United States.

They compiled herbaceous plant species data from existing datasets that
included 15,136 sites and 3,852 herbaceous species from across the
continental United States. Herbaceous plants are ones that have no
woody stem above the ground.

At each site, the researchers calculated species richness and the total
number of unique species per plot. They extracted geospatial estimates
of N deposition, annual precipitation, mean annual temperature and soil
pH for each site.

Their findings demonstrate for the first time, the scientists believe, that
across a wide spatial domain multiple mechanisms may operate to

influence the response of plant species richness to nitrogen deposition.

Broadly, they found that ecosystems with open vegetation (grasslands,
shrublands and woodlands) had lower critical loads of nitrogen
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deposition than ecosystems with closed-canopy forest vegetation.

Within these broad vegetation groups, declines in species richness along
gradients of increasing nitrogen deposition were more likely to occur in
ecosystems with acidic soils. Climate also interacted with nitrogen
deposition to help explain species richness, but its influence was less
consistent across scales.

They also found a decline in species richness with nitrogen deposition at
low soil pH in both open and closed canopy systems. That is consistent
with past research. However, at higher soil pH, the patterns in the two
systems diverged. They found increased species richness in the shaded
forest but decreased species richness in open canopy systems.

More information: Conditional vulnerability of plant diversity to
atmospheric nitrogen deposition across the United States, PNAS,
www.pnas.org/cgi/doi/10.1073/pnas. 1515241113
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