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Global N loss

Hedin, Brookshire, McGroddy, Moran, Gerber, & Menge in prep




Tropical N loss >> temperate

4000
_ l ENO;
Py 000

Il Organic N

}Available N

o
§ £00
G0

400

=1 - ot s
'iJ Loy = Loy T
- . - o L
h iy - h
_ I.: r- 1™ I_ -]
Tk = - -
a"—':]':] ] = - . -.-I:::I [ . :_ " :_
[ S Lo
- :::: II_ I_ !_ !_ - r ﬁ
] =t h

N |
Temperate nical

Hedin, Brookshire, McGroddy, Moran, Gerber, & Menge in prep




Relevance of N limitation vs. N richness?




Relevance of N limitation vs. N richness?

g N ez yt

Available N deposition: 1860

Galloway et al., 2004, BGC




Relevance of N limitation vs. N richness?

g N 2y

Available N deposition: 1990

Galloway et al., 2004, BGC




Relevance of N limitation vs. N richness?

g N ez yt

Available N deposition: 2050

Galloway et al., 2004, BGC







Relevance of N limitation vs. N richness?

g N oyt

Effect of N deposition?

Available N deposition: 2050

Galloway et al., 2004, BGC




Relevance of N limitation vs. N richness?

g N oyt

Effect of N deposition?
N limited: CO, uptake

Available N deposition: 2050

Galloway et al., 2004, BGC




Relevance of N limitation vs. N richness?

g N ez yt

Effect of N deposition?
N limited: CO, uptake

N rich: N emissions, eutrophication

Available N deposition: 2050

Galloway et al., 2004, BGC
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— Menge et al. 2009b Am Nat.
— Menge et al. 2008 PNAS
— Menge in review, Ecology
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|+ BF=k(A) + (D) (D)

| —k(A)= (D) -BF
Assume plants can survive

| > k(A"), therefore (D) >BF
N limitation possible if

Avalilable

((A) ¥

— Unavailable N losses ( (D")) > N fixation (B*F)

— Robust to large class of models
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N fixers rare In late successional temperate forests

U.S.A.
East West WA, OR AZ NM

% Basal area

Stand age (years)

Menge, DeNoyer, & Lichstein, in review, Journal of Ecology
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 Non-fixation an ESS when

d/o+(d/ g+(d [ o)>dFE o

R A

Morjality Soil N uptake _NUE Benefit of N

Costs of N fixation fixation

Costs can exceed benefits, but there’s uncertainty
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H,: Priagaticuc constraint:.  H,: Ecological constraint

Tradeoffs strong enough? LIKELY N
Data suggest additional constraint ...
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Menge et al. 2009a Am Nat
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