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Supporting Information Text
Cluster Analysis. We conducted a hierarchical, agglomerative nesting cluster analysis using Euclidean distances and five clusters, as suggested by the optimal scores of clustering method tests and stability tests, with the Ward.D agglomeration method, which had the highest correlation between cophenetic distances and the original distances (R2 = 0.78). The obtained five clusters of monitoring sites are shown in Fig. S1 and cluster affiliations of single monitoring sites are given in Dataset S1.

[image: ]
Fig. S1. Hierarchical, agglomerative nesting cluster analysis of the monitoring sites based on climate and soil variables. Circular dendrogram of monitoring sites (see Dataset S1 for detailed site affiliations to clusters). Red: cluster A (97 sites); olive: cluster B (102 sites); green: cluster C (66 sites); blue: cluster D (88 sites), and purple: cluster E (81 sites). The spatial distribution of monitoring sites and clusters is given in Fig. 1 in the main text.



[bookmark: _Hlk125029742]Table S1. ANCOVA results with the entire dataset show a significant Biome influence on TN while accounting for human uses (significant results colored in red p < 0.05).

	
Effect
	Univariate Tests of Significance for logTN>n3 (stat clusters TN) Sigma-restricted parameterization Effective hypothesis decomposition; Std. Error of Estimate: 0.5637

	
		SS



		Degree of
Freedom



		MS



		F



		p




		Intercept



	0.17620
	1
	0.176198
	0.554500
	0.458383

		Agriculture



	0.06905
	1
	0.069052
	0.217309
	0.642200

		Urban



	0.52460
	1
	0.524603
	1.650947
	0.202056

		Sum grassland and forest



	0.00058
	1
	0.000578
	0.001819
	0.966069

		Cluster



	1.89020
	3
	0.630067
	1.982843
	0.122013

		Biome



	9.17192
	4
	2.292979
	7.216094
	0.000042

		Error



	29.23384
	92
	0.317759
	
	



Table S2. ANCOVA results with entire dataset show a significant Cluster and a significant urban influence on TP (significant results colored in red p < 0.05).

	
Effect
	Univariate Tests of Significance for log10TP>3 Sigma-restricted parameterization Effective hypothesis decomposition; 
Standard. Error of Estimate: 0.4709

	
		SS



		Degree of
Freedom



		MS



		F



		p




		Intercept



	1.78609
	1
	1.786087
	8.055599
	0.004770

		Agriculture



	0.07789
	1
	0.077886
	0.351281
	0.553727

		Urban



	1.57123
	1
	1.571228
	7.086546
	0.008083

		Sum grassland, forest, and low intensity agriculture



	0.14667
	1
	0.146669
	0.661507
	0.416517

		Cluster codes



	6.57898
	4
	1.644746
	7.418125
	0.000009

		Biome



	0.81846
	5
	0.163692
	0.738283
	0.595121

		Error



	87.80109
	396
	0.221720
	
	






Table S3. Multiple Regression analysis used for TN reference value determination for Cerrado Biome. No significant effect of land use on TN concentration; thus, we used average value. TN data are log transformed. Std.Err. refers to standard error. 

	
N=32
	Regression Summary for Dependent Variable: logTN>n3 (stat clusters TN Cerrado) R= .28037803 R²= .07861184 Adjusted R²= ----- F(3,28)=.79631 p

	
		b*



		Std.Err.
of b*



		b



		Std.Err.
of b



		t(28)



		p-value




		Intercept



	
	
	5.973168
	14.00551
	0.426487
	0.673014

		Agriculture



	-2.06150
	4.738236
	-0.060912
	0.14000
	-0.435077
	0.666842

		Urban



	-1.29364
	2.948442
	-0.061916
	0.14112
	-0.438753
	0.664207

		Sum grassland, forest, and low intensity agriculture



	-2.55093
	5.235273
	-0.068532
	0.14065
	-0.487258
	0.629869





Table S4. Multiple Regression analysis used for TN reference value determination for Atlantic Forest Biome. No significant effect of land use on TN concentration; thus, we used average value. TN data are log transformed. Std.Err. refers to standard error. 

	
N=59
	Regression Summary for Dependent Variable: logTN>n3 (stat clusters TN Atlantic Forest) R= .71513958 R²= .51142462 Adjusted R²= .48477505 F(3,55)=19.191 p

	
		b*



		Std.Err.
of b*



		b



		Std.Err.
of b



		t(55)



		p-value




		Intercept



	
	
	-3.78474
	8.480457
	-0.446290
	0.657140

		Agriculture



	0.519180
	1.388271
	0.03172
	0.084828
	0.373976
	0.709860

		Urban



	2.787252
	4.823822
	0.04905
	0.084890
	0.577810
	0.565751

	Sum grassland, forest, and low intensity agriculture
	2.106013
	4.867579
	0.03676
	0.084974
	0.432661
	0.666953





Table S5. Multiple Regression analysis used for TN reference value determination for Pantanal Biome. No significant land use effect. We thus selected the average value of all data. TN data are log transformed. Std.Err. refers to standard error. (significant results colored in red p < 0.05)

	
N=5
	Regression Summary for Dependent Variable: logTN>n3
 R= .68391841 R²= .46774440 Adjusted R²= ----- F(2,2)=.87880 p

	
		b*



		Std.Err.
of b*



		b



		Std.Err.
of b



		t(2)



		p-value




		Intercept



	
	
	-1.19944
	0.071699
	-16.7288
	0.003554

		Urban



	0.265431
	0.532794
	0.00690
	0.013854
	0.4982
	0.667742

		Agriculture



	0.700151
	0.532794
	1.06220
	0.808299
	1.3141
	0.319295




[bookmark: _Hlk125532598]Table S6. Multiple Regression analysis used for TN reference value determination for Amazon Biome. No significant land use effect. We thus selected the average value of all data. TN data are log transformed. Std.Err. refers to standard error.
	
N=6
	Regression Summary for Dependent Variable: logTN>n3  R= .89710346 R²= .80479462 Adjusted R²= .51198656 F(3,2)=2.7485 p

	
		b*



		Std.Err.
of b*



		b



		Std.Err.
of b



		t(2)



		p-value




		Intercept



	
	
	-0.37733
	0.098482
	-3.83151
	0.061864

		Agriculture



	1.233680
	0.434872
	0.37976
	0.133866
	2.83688
	0.105040

		Urban



	-0.806237
	0.443431
	-2.48211
	1.365160
	-1.81818
	0.210663

	Sum grassland, forest, and low intensity agriculture
	0.028957
	0.341390
	0.00011
	0.001346
	0.08482
	0.940129




Table S7. Multiple Regression analysis used for TN reference value determination for Caatinga Biome. TN data are log transformed. No significant land use effect. We thus selected the average value of all data. Std.Err. refers to standard error. (significant results colored in red p < 0.05).

	
N=45
	Regression Summary for Dependent Variable: logTN 
R= .14446014 R²= .02086873 Adjusted R²= ----- F(2,42)=.44758 p

	
		b*



		Std.Err.
of b*



		b



		Std.Err.
of b



		t(42)



		p-value




		Intercept



	
	
	0.329016
	0.057199
	5.752140
	0.000001

		Agriculture



	-0.142664
	0.152690
	-0.006862
	0.007345
	-0.934333
	0.355473

		Urban



	0.021531
	0.152690
	0.000825
	0.005850
	0.141009
	0.888537




Table S8. Multiple Regression analysis used for TP reference value determination for Cluster A. No significant land use effect. We thus selected the average value of all data. Std.Err. refers to standard error. TP data log transformed.
	
N=97
	Regression Summary for Dependent Variable: log10TP>3 
R= .16908052 R²= .02858822 Adjusted R²= ----- F(3,93)=.91232 p

	
		b*



		Std.Err.
of b*



		b



		Std.Err.
of b



		t(93)



		p-value




		Intercept



	
	
	-0.777475
	0.550017
	-1.41355
	0.160834

		Urban



	0.010794
	0.185796
	0.000434
	0.007468
	0.05809
	0.953798

		Agriculture



	-0.174600
	0.143934
	-0.010609
	0.008745
	-1.21305
	0.228182

		Sum grassland, forest, and low intensity agriculture



	-0.016966
	0.208758
	-0.000467
	0.005742
	-0.08127
	0.935401




Table S9. Breakpoint determination in nonlinear data Cluster B. TN data is log transformed.
	
N=94
	Model: V95=Constant + Slope1*Urban+Slope2*(Urban-Breakpoint). 
Dep. var: log10TP Loss: (OBS-PRED)**2 Final loss: 17.468493600 R= .64133 Variance explained: 41.130%

	
		Constant



		Slope1



		Slope2



		Breakpoint




		Estimate



	-0.970425
	0.038146
	-0.036276
	23.34426





Table S10. Given the non-linearity of data, we determined the breakpoint of 23.34% urban land use (Table S9) and used linear regression analysis up to 23.34% urban land use to determine reference TP value in cluster B. Std.Err. refers to standard error. TP data are log transformed (significant results colored in red p < 0.05).

	
N=77
	Regression Summary for Dependent Variable: log10TP>3 (TP B below urban breakpoint) R= .21825455 R²= .04763505 Adjusted R²= .03493685 F(1,75)=3.7513 p

	
		b*



		Std.Err.
of b*



		b



		Std.Err.
of b



		t(75)



		p-value




		Intercept



	
	
	-0.962989
	0.054471
	-17.6789
	0.000000

		Urban



	0.218255
	0.112686
	0.030511
	0.015753
	1.9368
	0.056532




[bookmark: _Hlk125532363]Table S11 Linear Regression analysis used for TP reference value determination for Cluster D. Std.Err. refers to standard error. TP data are log transformed (significant results colored in red p < 0.05).
	
N=86
	Regression Summary for Dependent Variable: log10TP>3 (stat csv clusters TP D) R= .49966153 R²= .24966165 Adjusted R²= .24072905 F(1,84)=27.949 p

	
		b*



		Std.Err.
of b*



		b



		Std.Err.
of b



		t(84)



		p-value




		Intercept



	
	
	-0.889764
	0.063922
	-13.9194
	0.000000

		Urban



	0.499662
	0.094512
	0.009217
	0.001743
	5.2867
	0.000001




Table S12. Multiple Regression analysis used for TP reference value determination for Cluster E. No significant land use effect. We thus selected the average value of all data. Std.Err. refers to standard error. TP data are log transformed (significant results colored in red p < 0.05).
	
N=73
	Regression Summary for Dependent Variable: log10TP>3 (stat csv clusters TP E) R= .30303929 R²= .09183281 Adjusted R²= .05234728 F(3,69)=2.3257 p

	
		b*



		Std.Err.
of b*



		b



		Std.Err.
of b



		t(69)



		p-value




		Intercept



	
	
	-7.54448
	3.406759
	-2.21456
	0.030095

		Agriculture



	2.832837
	1.491901
	0.06443
	0.033932
	1.89881
	0.061771

		Urban



	1.948202
	0.987876
	0.07106
	0.036032
	1.97211
	0.052607

	Sum grassland, forest, and low intensity agriculture
	3.795494
	1.870775
	0.06932
	0.034168
	2.02884
	0.046336







Table S13. Cluster drivers (Total annual precipitation, total annual evapotranspiration (ET), mean annual temperature, and soil sand content) in relation to reference TP.  Std.Err. refers to standard error. TP data are log transformed (significant results colored in red p < 0.05).

	
N=434
	Regression Summary for Dependent Variable: Reference TP (ug/L) 
R= .79640340 R²= .63425837 Adjusted R²= .63084819 F(4,429)=185.99 p

	
		b*



		Std.Err.
of b*



		b



		Std.Err.
of b



		t(429)



		p-value




		Intercept



	
	
	-298.146
	18.87232
	-15.7980
	0.000000

		Total (annual) precipitation



	0.202435
	0.047021
	0.024
	0.00566
	4.3052
	0.000021

		Total (annual) ET



	0.084941
	0.046240
	0.025
	0.01373
	1.8370
	0.066904

		Mean annual temp



	0.842482
	0.030979
	16.533
	0.60792
	27.1956
	0.000000

		Soil sand content



	-0.220413
	0.030134
	-0.695
	0.09500
	-7.3145
	0.000000




Table S14. ANOVA with nested TN data from the Amazon Basin (1, 2). Significant cluster 1
shows that the watershed of Rio Madeira is distinct from the rest. Cluster 2 shows no significant
means and that Rio Negro is not distinct. Cluster 3 shows Rio Purus is significantly distinct.
Cluster 3 shows Rio Japurá, Juruá, and Tupé are distinct. Data are not log transformed
(significant results colored in red p < 0.05).  Cluster 1 separates Rio Madiera from other sites,
Cluster 2 separates Rio Negro from the other sites. Cluster 3 tested Rio Purus against the
remaining sites, and Cluster 4 tested Rio Japurá, Rio Juruá and Tupé against the remaining sites
( São José do Amatari, Manacapuru, and Anori).

	
Effect
	TN ug/L - Test of all effects. Distribution: NORMAL. Link function: LOG

	
		Degr. of
Freedom



		Wald
Stat.



		p




		Intercept



	1
	4295.983
	0.000000

		Clus1



	1
	8.690
	0.003200

		Clus2(Clus1)



	1
	0.666
	0.414277

		Clus3(Clus1*Clus2)



	1
	9.246
	0.002360

		Clus4(Clus1*Clus2*Clus3)



	3
	11.951
	0.007553




Table S15. ANOVA with nested TP data from the Amazon Basin (1). Data suggest that Rio Negro and Rio Madeira are both distinct from rest, but all others the same. Data are not log transformed (significant results colored in red p < 0.05). Cluster 1 separates Rio Madeira from other sites, Cluster 2 separates Rio Negro from the other sites. Cluster 3 tested Rio Purus against the remaining sites, and Cluster 4 tested Rio Japurá, Rio Juruá and Tupé against the remaining sites (São José do Amatari, Manacapuru, and Anori).

	
Effect
	Univariate Tests of Significance for TP (CHEMDATA nested analysis) Over-parameterized model Type III decomposition; Std. Error of Estimate: 0.4111

	
		SS



		Degr. of
Freedom



		MS



		F



		p




		Intercept



	45.60915
	1
	45.60915
	269.8228
	0.000000

		Clus1



	1.02117
	1
	1.02117
	6.0412
	0.016738

		Clus2(Clus1)



	2.44634
	1
	2.44634
	14.4725
	0.000324

		Clus3(Clus1*Clus2)



	0.01085
	1
	0.01085
	0.0642
	0.800859

		Clus4(Clus1*Clus2*Clus3)



	1.03636
	3
	0.34545
	2.0437
	0.116752

		Error



	10.64912
	63
	0.16903
	
	




Table S16.  Baseline N:P for each station tested against cluster and biome. As expected, both cluster and biomes had significant influences as clusters were used to assign TP values and biomes TN values.
	
Effect
	Univariate Tests of Significance for N:P molar (Complete Brazil nutrient table to calculate NP ratios for baseline by cluster) Sigma-restricted parameterization Effective hypothesis decomposition

	
		SS



		Degr. of
Freedom



		MS



		F



		p




		Intercept



	30579.94
	1
	30579.94
	3594.890
	0.00

		Cluster



	13810.23
	4
	3452.56
	405.873
	0.00

		Biome



	31431.18
	5
	6286.24
	738.992
	0.00

		Error



	3606.76
	424
	8.51
	
	
























Dataset S1 (separate file). Complete Dataset with TN and TP concentration data, watershed land use characteristics, climatic data, soil type characteristics for 434 unnested watersheds in Brazil.   
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