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Herbaceous critical loads for the US

• Recent study on the sensitivity of herbaceous 
total richness in grasslands and forests to N 
deposition from ~15,000 plots nationwide. 

• Which species are increasing and which are 
decreasing?

2 www.pnas.org/cgi/doi/10.1073/pnas.1515241113



Example from Simkin et al. (2016)

Patterns in total richness suggest:

1. At low N dep there are more 
species are increasing than 
decreasing.

2. At high N dep, more species are 
decreasing than increasing. 

3. That relationship is pH-dependant, 
with stronger decreases at lower 
pH.
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Geographic patterns

• High dep areas, may 
lose many species, 
but not always.

• Low dep areas, may 
lose a few species, 
or none at all. 

• There may be losses 
of some species 
even in areas with 
no net loss

• Therefore, 
composition matters!
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Unpacking the total richness 
results: Statistical analysis

• Assess separately for ~4000 species the sensitivity to 
N and S.

• Species screening: 
– most species were too rare to assess (<50 occurrences), 
– Or only appeared locally (thus no deposition gradient).
– 348 species have enough data and a gradient to asses.

• Statistical analysis:
– Response: probability of occurrence
– Run all possible models with up to 12 predictors
– Compare all models with AICc and AUC.
– Select the best model that optimizes AICc and AUC
– Calculate critical loads and assess vulnerability. 
– Focus on those with “robust results” (R2 > 0.1 and AUC 

>0.7, 243 spp.)
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𝑃𝑃𝑃𝑃 = 𝛽𝛽0 + 𝛽𝛽0𝑁𝑁 + 𝛽𝛽0𝑆𝑆 + 𝛽𝛽0𝑇𝑇 + 𝛽𝛽0𝑃𝑃 +
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The spaghetti diagrams: N

21 spp. (11%) 
had no 
relationship 
and 45 (19%) 
had 
nonsensical 
(i.e. U”, not 
shown). 
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30 spp. (15%) 107 spp. (54%)

40 spp. (20%) Average ~
10 kg N ha-1 yr-1



The spaghetti diagrams: S
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137 spp. (57%) 40 spp. (20%)

37 spp. (15%) had no relationship



So…

• Lots of variation among species.

• Total richness CLs describe when there are more 
“losers” than “winners,” but there could be many 
changes to composition at all deposition levels. 
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Example species: Campanula rotundifolia 
(harebell, bluebell flower)

9 https://plants.sc.egov.usda.gov/core/profile?symbol=CARO2#;
https://en.wikipedia.org/wiki/Campanula_rotundifolia

• Common native wildflower that does well 
with drier, colder, conditions on more basic 
soils.

• Unimodal with N, decreases with S.

• Weak interactions, but sensitivity to N 
slightly increases if S is higher. 

• Better models, N(VIF) good, S(VIF) bad.



Example species: Agrostis perennans
(upland bentgrass)

• Common native grass of the Midwest that 
does well with moderate fertility on more 
acidic soils.

• Increases with N, decreases with S.

• Weaker increase with N if S is higher or soil 
is more alkaline. 

• Ok models, N(VIF) good, S(VIF) bad

10 https://plants.sc.egov.usda.gov/core/profile?symbol=AGPE ;
https://en.wikipedia.org/wiki/Agrostis_perennans.



Species level N-CLs

• Large variation within and among 
species. 

• 80% of species at risk to N or S are 
either moderately or highly valued from 
a conservation standpoint. 

• Lower CLs were correlated with higher 
floristic value.

• New predictive equations for CLs:
– Related to leaf Mg and height (R2 = 

36%).
– Related to leaf N and functional group 

(R2 = 32%)
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Critical Load (kg N ha-1 yr-1)
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Increaser (CL > Max N)
Decreaser (CL < Min N)
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Geographic variability

• More spp. increase 
than decrease in ¾ of 
plots.

• There are spp. 
decreasing and 
increasing almost 
everywhere
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Next Steps

1. What about the other 90% of species?

2. Are there specific species of concern (e.g. T&E or 
RFSS species)?

3. Integrating this information into decision making 
processes (e.g. CLAD WG-3, USFS CL Portal) and 
decision support tools (CL Mapper). 
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Key points

• 70% of species assessed were negatively affected by N and/or S 
deposition somewhere in the contiguous U.S.,

• 30 and 139 species, respectively, decreased at all rates of 
deposition experienced for N and S, and thus are of particular 
concern.

• Although more species increased than decreased with N 
deposition, increasers were more likely to be introduced spp., and 
high value native species tended to be more vulnerable,

• Predictive equations may be useful to assess the other species 
that we have less information on. 
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Thanks and questions?
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Extra slides
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