Tropical forests as drivers of lake carbon burial
Supplementary Material
Supp. Table List
Supp. Table 1 - Area, OC burial rates per area, coefficient of variation of the dataset and global carbon burial rates for each biome in the present study. *The global value was obtained using the mean weighted by the sum of lake area in each biome. **OC burial dataset for this biome is not available, so we used the mean values of conserved biomes (excluding the humid tropical forest to be conservative).
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]
	Lake area1
[km2 x 104]

	OC burial per area 
(mean ± SE)
[g C m-2 yr-1]
	Coefficient of variation OC burial
[%]
	OC burial 
(mean ± SE)
[Tg yr-1]

	Natural
	Humid Tropical Forest
	6.49
	114 ± 38.20
	159.7
	7.4 ± 2.49

	
	Other tropical/subtropical
	30.45
	25.48**
	--
	7.76**

	
	Temperate Forest
	31.99
	36.68 ± 3.15
	109.21
	11.74 ± 1.01

	
	Boreal Forest
	71.89
	15.44 ± 3.90
	126.28
	11.10 ± 2.80

	
	Others Mid-latitudes
	57.34
	38.90 ± 8.44
	86.84
	22.31 ± 4.84

	
	Subpolar and Polar
	37.16
	10.92 ± 2.71
	74.38
	4.06 ± 1.01

	Human-altered
	
Cold (<7.5 °C)
	9.71
	48.60 ± 3.25
	65.76
	4.72 ± 0.32

	
	Moderate (7.5 - 15 °C)
	14.79
	44.89 ± 6.08
	72.93
	6.64 ± 0.90

	
	Warm (>15°C)
	7.17
	49.62 ±10.10
	99.49
	3.56 ± 0.72

	Global
	267
	29.70 ±5.3*
	--
	79.97 ±12.77
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Supp. Table 2. C stocks per area of forest in each biome. For tropical biomes, we subtracted the flooded areas to obtain only the contribution of non-flooded forests. 
	
	Temperate forest
	Boreal forest
	Humid tropical Forest
	Global
	Source

	C stock
[Tg C yr-1]
	Biomass
	345
	117
	1167.0
	1629.0
	2

	
	Dead wood
	42
	53
	109.0
	204.0
	2

	
	Litter
	46
	103
	17.0
	166.0
	2

	
	Soil
	160
	125
	99.9
	384.9
	7,4*

	
	Wood Product
	80
	94
	35.0
	209.0
	2

	
	SUM
	673
	492
	1427.9
	2592.9
	This study

	Area
[km2x105]
	Forest 
	76.70
	113.50
	194.90
	385.10
	2

	
	Wetland 
	6.83
	26.50
	20.17
	53.50
	5

	
	Forest-wetland 
	69.87
	87.00
	174.73
	331.60
	This study 

	C Sink
[g C m2 yr-1]
	Forests-only 
	96.33
	56.55
	81.72
	78.19
	This study


* The reference 8 refers only to soil C stock in humid tropical forests. 










Supp. Table 3. Values of main rivers water levels and acquisition date of satellite data for each Amazon floodplain lakes. We employed this data for the use and cover buffers (12km²).  
	Lake
	Months/years of selected images
	Water Level
[m]
	Ratio
Average of 23 years: Monthly water level value [m]

	Acarabixi
	04/2005
	17.39
	1.02

	Cristalino
	04/2005
	17.39
	1.02

	Calado
	02/2003
	11.45
	0.98

	Jacaretinga
	02/2003
	11.45
	0.98

	PA09 (Verde)
	01/2005
	5.07
	1.03

	Paca
	12/2004
	17.33
	0.92

	Nazaré
	12/2004
	17.33
	0.92

	Conceição
	12/2004
	17.33
	0.92

	Santa Catarina
	12/2004
	17.33
	0.92

	Demarcação
	12/2004
	17.33
	0.92

	Santa Ninha
	08/2004
	5.16
	1.07

	Reis
	12/2007
	18.63
	0.99

	Pupunha
	12/2007
	18.63
	0.99

	Puruzinho
	12/2007
	18.63
	0.99

	Ajudante
	12/2004
	17.33
	0.92

	Araca
	12/2004
	17.33
	0.92

	Batata
	12/2004
	17.33
	0.92

	Brasileira
	12/2004
	17.33
	0.92

	Carana
	01/2005
	5.07
	1.03

	Flexal
	12/2004
	17.33
	0.92

	LC1
	08/2004
	5.16
	1.07

	Mussurá
	12/2004
	17.33
	0.92

	NR15
	04/2005
	17.39
	1.02

	Pacoval
	08/2004
	5.16
	1.07

	TA1 (Joá)
	08/2004
	5.16
	1.07

	Tucunaré
	12/2004
	17.33
	0.92
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Supp. Table 4. Descriptive statistics in conserved and human-altered biomes.
	Biomes
	N
	Minimum
	Maximum
	Mean
	Std. Error of Mean
	Coefficient of variation

	Humid Tropical Forest
	43
	6.35
	937.3
	114.00
	38.35
	172.30%

	Other Mid-Latitudes
	16
	1.87
	109
	38.90
	8.444
	86.84%

	Temperate Forest
	161
	2.715
	224.8
	36.68
	3.157
	109.21%

	Boreal Forest
	25
	1.09
	74
	15.44
	3.90
	126.28%

	Subpolar and Polar
	9
	1.30
	25
	10.92
	2.71
	74.38%

	Warm Anthropic
	90
	0.49
	127
	48.60
	3.24
	65.76%

	Moderate Anthropic
	29
	2.174
	112.1
	44.89
	6.08
	72.93%

	Cold Anthropic
	24
	5.728
	174
	49.62
	10.08
	99.49%





Supplementary Figures list
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[bookmark: m_-7089673802036765606_OLE_LINK1]Supp. Figure 1 – The relationship of lake OC burial rates with annual air mean temperature. Panel A shows lake OC burial and air temperature in conserved biomes; the dotted black line indicates the linear regression fit of Ln OC burial (g C m-² yr-¹) = 0.06±0.008 × Temperature (°C) + 3.02±0.09  (R² = 0.18, p<0.0001) for temperatures over 0°C (p<0.05); the solid red line indicates the linear regression fit of ln OC accumulation (g C m-² yr-¹) = 0.07±0.007 × Temperature (°C) + 2.764±0.09 (R² = 0.28, , p<0.0001) for all data set (p<0.05). Panel B shows a non-significant relationship between lake OC burial and air temperature in human-altered biomes (p>0.05). Filled black circles represent lakes showing air temperatures above 0°C and non-filled circles below 0°C.
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Supp. Figure 2 – Database used to create classes on this study. The first map shows the land use and cover map database (GLCNMO) when we extract the anthropogenic areas that were considered in this study. The second map shows the biome database and the lakes location where the OC burial data were previously compiled6.
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Supp. Figure 3 – Location map of the Amazonian lakes.
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Supp. Figure 4 - Profiles of Ln 210Pb measurements and SAR from the CRS model.
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Supp. Figure 5 - Flowchart of the general methodology for global lakes.
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Supp. Figure 6 - Flowchart of the general methodology for amazon lakes.
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Supp. Figure 7 – The relationship of lake Amazon floodplain OC burial rates with non-flooded forest area. The panels A, B, C, D, E and F represent size buffers of 3, 4, 6, 8, 12 and 18 km². The size of 3 (A) and 18 km² (F) were not significant (p>0.05). The solid black line in panels B, C, D e E represents the exponential growth model; were: B (4 Km²) is Amazon lake OC burial (g C m-² yr-¹) = 67.75±31.22 × e0.017±0.008×Non-flooded forest area (%) (p < 0.05); C (6 Km²) is Amazon lake OC burial (g C m-² yr-¹) = 67.75±31.22 × e0.017±0.008×Non-flooded forest area (%) (p < 0.01); D (8 Km²) is Amazon lake OC burial (g C m-² yr-¹) = 50.484±22.37 × e0.023±0.007×Non-flooded forest area (%) (p < 0.01); E (12 Km²) is Amazon lake OC burial (g C m-² yr-¹) = 62.48±27.89 × e0.017±0.007×Non-flooded forest area (%) (p < 0.05). Note the logarithmic scale on y-axis in all panels.
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Supp. Figure 8 – Relationship between coefficient of variation of OC burial rates and the randomly selected number of samples.


[image: ]
Supp. Figure 9 - Panel A show the relationship between the average above 10cm on the top of the core and the percentage of vegetation in 6 km2 buffer size. Panel B is the relationship between the average bellow 10cm downcore and the percentage of vegetation in 6km2 buffer size.



Supplementary Discussion
[bookmark: _Hlk73468381][bookmark: _Hlk73697797]Estimates of annual OC burial in global lakes from our dataset were ~25, 13-63, 38-50 and ~10 % higher than Mulholland and Elwood (1982), Tranvik et al. (2009), Mendonça et al. (2017), and Anderson et al. (2020), respectively, earlier studies that are highly skewed towards cold high- and mid-latitude environments. These findings confirm recent studies that have supported the idea that there are important watershed controls on OC accumulation in lakes globally10. This is particularly true for the role of nutrient enrichment8,9,11 related to human-altered environments7,12–16 in regulating C storage. Growing evidence suggests higher lake OC burial with increasing primary production17–19 fuelled by both anthropogenic eutrophication16,20–23 and organic matter inputs from deforestation24,25.
Accordingly, our decadal accumulation rates derived from 210Pb dating in boreal lake sediments for last ~50-100 years indicated C accumulation ~7 times higher than those previously reported from radiocarbon analysis for the Holocene (last 10,000 years) at the same biome12,26. A similar order of magnitude difference in OC burial rates was found in sediment cores where these dating methods were used, e.g. ~15 times more in the Amazon floodplain lake Acarabixi27 and ~2 to 10 times more in the central margin of the Arabian Sea28 using 210Pb than radiocarbon. Despite the potential role of active diagenesis in surface sediments to overestimate lake C accumulation29, highly divergent OC burial rates have been attributed to the anthropogenic increases over the past decades28,30 and the lower uncertainty of 210Pb than radiocarbon dating on a time scale of up to a century31,32. Indeed, the relationships of non-flooded forest cover and OC burial rates in sediment profiles comparing above and below 10-cm layers showed the same results (Supp Figure 9), indicating no bias towards incomplete diagenesis in our conclusion.
[bookmark: _Hlk73475255][bookmark: _Hlk73538634][bookmark: _Hlk81300968]However, our lower estimates of OC burial in human-altered versus conserved lakes also complemented earlier predictions derived from datasets that underrepresented low-latitude ecosystems (e.g., Stallard, 1998; Heathcote et al., 2015). We show here that tropical forest lakes are underrepresented in global data sets and are further shown here to bury more C per unit area annually, and sequester around ~23 and 8% more C than the eutrophic and hypereutrophic lakes previously reported20,23. The significant decrease in OC burial rates observed here in Amazonian lakes surrounded by lower forest cover would indicate an additional effect, related to initial peaks of C storage in lacustrine sediments after deforestation21,34 that they may be a transient feature that is followed by long-term C storage decline35–38. This dynamic is supported by the finding of loss of organic matter  in response to reduced forest cover39 and subsequent increased soil exposure to biological remineralization40, also confirming recent and still scarce evidence on the mechanistic link between deforestation and changes in C accumulation in Amazon lakes36.
Indeed, the absence of tropical lakes surrounded by the most productive world biome on Earth (i.e., tropical humid forest) could have led to underestimates of the role of forest conservation in supporting C accumulation in aquatic sediments in previous reviews. The estimates of annual OC burial rates in global lakes here were comparable to ~2.5 and 3.0% of the terrestrial and ocean CO2 sink, respectively, or ~5% of the emissions from land-use change for the last decade41. Derived from a broad biome-weighted analysis, these results also indicated the critical role of forest cover to support OC burial in lacustrine ecosystems at the global scale. In particular, tropical lakes show a disproportionate C accumulation with respect to their smaller global land area, determined by the balance of more intense ecosystem processes at warm low latitudes that should be considered in global models, such as the overall C sink2 and the uptake of anthropogenic C42 from the atmosphere by terrestrial primary production, the OM remineralization in aquatic sediments43, or even the metabolic responses to recent warming44. Therefore, our novel findings reveal that global change science still needs to unravel a neglected loss of C burial capacity connecting broad terrestrial and aquatic environments, with potentially important implications of productive and threatened humid tropical forests to climate change mitigation.
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