
 

Effect of nitrogen deposition on animal
species stronger than expected
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Conceptual representation of the fitness responses to changed producer tissue
N:P ratio of a generalist versus specialist consumer (A), and species that differ in
the location of the threshold elemental ratio (TER) due to different life-history
strategies, here a fast-growing versus slow-growing consumer (B). Peaks of the
quadratic curves represent the TER; fitness loss occurs when deviating from this
TER. The solid vertical line denotes producer N:P ratio under ambient
conditions, and the dashed vertical line shows increased producer N:P ratios as
result of N deposition (N dep.), indicated by the horizontal arrow. Solid
horizontal lines indicate fitness of the corresponding consumer under ambient
conditions, and dashed horizontal lines show the resulting fitness under N-
deposition-mediated increases in N:P ratio. Vertical arrows indicate the degree
and direction of fitness shifts resulting from a changed plant tissue N:P ratio.
Credit: Biological Reviews (2023). DOI: 10.1111/brv.12972
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Anthropogenic increased nitrogen deposition is a well-known
environmental stressor, resulting in impoverishment of soil quality in
naturally nutrient-poor ecosystems. As a result, habitat conditions for
plant and animal species are also changing. Such changes are sometimes
clearly visible in the field. For instance, plant species that benefit from
extra nitrogen often become dominant, leading to grass-dominance in
heathlands and increasing cover of blueberries and bramble in
woodlands. Less visible however are the effects of nitrogen deposition
on food quality of plants, and the subsequent effects on animal fitness.

A group of researchers from several Dutch and Belgian universities and
research institutes show that nitrogen deposition alters the ratio of
nutrients in plants, which in turn may lead to a reduced performance in
many animal species. The findings were recently published in the journal
Biological Reviews.

The ratio of nitrogen with other important elements such as phosphorus
and calcium shifts, and plants often produce more nitrogen-rich amino
acids relative to other essential amino acids under increased nitrogen
load. As a result, shortages of necessary nutrients for animals can occur
more often. Plants also invest less in carbon-rich defense chemicals,
while nitrogen-rich toxins increase.

Animal species that grow rapidly and insects that perform a complete
metamorphosis, from larva to adult via a pupal stage, such as butterflies,
bees and flies, require relatively high levels of phosphorus in order to
sustain this high growth speed. These species are thus more affected by
changes in plant quality than slow-growing species and insects that
develop as nymphs, such as bugs and grasshoppers.

By comparing these and other traits of species, the researchers
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concluded that a small group of generalist species likely benefits from
the extra nitrogen and pest outbreaks will occur more often, but a much
larger group of animal species suffers from changed nutrient content and
thus will decline or disappear under increased nitrogen load.

  More information: Joost J. Vogels et al, Towards a mechanistic
understanding of the impacts of nitrogen deposition on
producer–consumer interactions, Biological Reviews (2023). DOI:
10.1111/brv.12972
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