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Although the relative concentrations of N and P were modulated by temperature and varied across latitudes, 
their absolute concentrations were more related to environmental gradients other than latitude (e.g., altitude 
and aridity), and to soil characteristics. The nonlinear variation of N concentration with latitude contrasts with 
reports of decreasing N concentrations with latitude29, but may be explained by the less humid nature of some of 
our study sites at ≈20° (e.g., the Brazilian ‘Cerrado’) and ≈40° (e.g., Spain). Other mid-latitude sites where litter 
had particularly low N concentration were in Argentina where litter was mostly from Nothofagus spp. that tend 
to have low N concentrations and high nutrient resorption during senescence35, and in Tasmania where litter was 

Litter trait Model Factor Estimate Std. Error t p %Variance

N

N ~ P + Tan + MAT + MAP + MAT × MAP + SoilpH

Variance explained: 37% Intercept 1.0282 0.0383 26.87 <0.001

Total df: 164 P 0.1880 0.0133 14.17 <0.001 66.30

Residual df: 157 Tan −0.0910 0.0232 −3.92 <0.001 15.34

MAT 0.0306 0.0442 0.69 0.489 3.05

MAP 0.4176 0.0652 6.41 <0.001 12.49

MAT × MAP −0.1550 0.0416 −3.72 <0.001 1.27

SoilpH 0.1866 0.0340 5.49 <0.001 1.55

P

P ~ N + MAT + SoilpH + SoilN

Variance explained: 34% Intercept 0.0461 0.0014 33.92 <0.001

Total df: 164 N 0.0143 0.0017 8.55 <0.001 84.88

Residual df: 159 MAT −0.0043 0.0022 −1.98 0.049 6.55

SoilpH 0.0042 0.0019 2.24 0.026 3.33

SoilN 0.0068 0.0019 3.65 <0.001 5.23

N:P

Log N:P ~ Tan + MAT + MAP + MAT × MAP

Variance explained: 18% Intercept 3.8256 0.0333 114.73 <0.001

Total df: 165 Tan −0.0753 0.0206 −3.66 <0.001 11.00

Residual df: 160 MAT 0.2091 0.0515 4.06 <0.001 71.25

MAP −0.0013 0.0487 −0.03 0.979 15.32

MAT × MAP −0.0818 0.0412 −1.99 0.049 2.43

Mg

Mg ~ N + P + N:P + MAP + SoilpH + SoilN

Variance explained: 14% (Intercept) 4.3896 0.1723 25.48 <0.001

Total df: 164 N 0.3710 0.1357 2.73 0.007 4.09

Residual df: 157 P −0.4528 0.2042 −2.22 0.028 3.51

N:P −0.8064 0.2391 −3.37 0.001 25.55

MAP −0.8824 0.2555 −3.45 0.001 21.49

SoilpH −0.9425 0.1800 −5.24 <0.001 6.95

SoilN −0.9481 0.1482 −6.40 <0.001 38.41

Tan

Tan ~ N + Mg + MAT + MAP + MAT × MAP + SoilpH

Variance explained: 17% Intercept 8.789 0.778 11.30 <0.001

Total df: 164 N −1.958 0.405 −4.83 <0.001 48.59

Residual df: 157 Mg −1.153 0.266 −4.34 <0.001 20.86

MAT −1.913 0.845 −2.26 0.025 1.64

MAP 4.420 1.083 4.08 <0.001 12.06

MAT × MAP −1.714 0.741 −2.31 0.022 15.11

SoilpH −1.260 0.469 −2.69 0.008 1.74

SLA

Log SLA ~ P + Tan + MAT + SoilN

Variance explained: 34% Intercept 5.019 0.023 219.30 <0.001

Total df: 138 P 0.106 0.024 4.36 <0.001 20.96

Residual df: 133 Tan −0.172 0.023 −7.53 <0.001 46.24

MAT −0.170 0.025 −6.94 <0.001 25.72

SoilN −0.136 0.031 −4.34 <0.001 7.08

Table 1. Results of linear models examining global-scale variation of riparian litter traits [nitrogen (N) and 
phosphorus (P) concentrations, log-transformed N:P ratio, magnesium (Mg) and tannin (Tan) concentrations, 
and log-transformed specific leaf area (SLA)], depending on key climatic and soil predictors (mean annual 
temperature, MAT; mean annual precipitation, MAP; soil pH, SoilpH; and soil N concentration, SoilN) and 
on other litter traits. We show the proportion of variance explained by each model and the total and residual 
degrees of freedom (df; numerator df = 1 in all cases) and, for each factor, we show the mean estimate and 
standard error, t-statistic, p-value and proportion of variance explained; bold type indicates significant 
relationships at the p < 0.05 level.
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mostly from Eucalyptus spp. that, typically, are low in N36. In contrast, litter from Sweden, Poland and Germany 
had high N concentrations, and soils at these sites had relatively high organic carbon and/or N contents.

The concentration of P did not follow any latitudinal gradient, but decreased with MAT (possibly in relation to 
an altitudinal gradient, as suggested by the PCA) and was affected by soil characteristics. The seemingly contra-
dictory inverse relationship of P with altitude may be because most of our high-altitude sites were in the tropics, 
whereas most lowland sites where P concentration was higher were in temperate areas (e.g., Canada, Germany, 
Maryland, Poland and Sweden), some of which also had soils with higher N concentration. Another study29 also 
found a decrease in P concentration with MAT for terrestrial litter in general, and no clear latitudinal gradient. 
Although Mg concentration in litter has been shown to increase from tropical to boreal sites19, our results did not 
confirm this trend, as the PCA only showed a weak association of Mg with latitude; Mg concentration was appar-
ently greatest in litter at sites that were drier, and with soils that were richer in N (i.e., Argentina and Ecuador).

Figure 2. Variation of litter traits [nitrogen (N) and phosphorus (P) concentrations, log-transformed N:P ratio, 
magnesium (Mg) and tannin (Tan) concentrations, and log-transformed specific leaf area (SLA)] in relation 
to mean annual temperature (MAT), mean annual precipitation (MAP) and absolute degrees of latitude. 
Significant and non-significant relationships are depicted by solid and dotted lines, respectively. Fits for MAT 
(a–e) and MAP (f–i) derive from linear models that included multiple predictors; some graphs are omitted 
because MAT or MAP had been excluded from the final model; estimates and p-values are shown in Table 1. 
Fits for latitude (j–o) derive from additive models, which allowed analyses of non-linear relationships; r2 and 
p-values are the following: N (r2 = 0.18, p = 0.0024); P (r2 = 0.06, p = 0.064); N:P (r2 = 0.05, p = 0.0057); Mg 
(r2 = 0.05, p = 0.212); Tan (r2 = 0.04, p = 0.0156); SLA (r2 = 0.32, p < 0.0001). Open and closed circles represent 
species from tropical and non-tropical regions, respectively.


