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SI1: Material and Methods
Study site
Lake Ngofouo (3°47’44” S, 14° 48' 17" E, 410 m a.s.l) is situated in a forest-savanna mosaic on podzols in the Pool region of the Republic of Congo (Figure 1). The lake is surrounded by a mosaic of forest and Hypparhenia diplandra savanna [1] (Figure 1). The main tree species within the savanna matrix are Xylopia staudii, Eriocoelum microcarpa, Monopetalanthus microphyllus, Pentaclethra eetveldeana, Hymenocardia acida, Bridelia ferruginea, Strychnos pungens, and the grass cover is dominated by Hypparhenia diplandra, Panicum phragmitoides, Andropogon shirensis and Loudetia sp.. The forest patches within the savanna matrix are mainly composed of Caloncoba welwitschii, Markhamia tomentosa, Albizia adianthifolia, Pentaclethra etveldeana, Millettia laurentii and Caloncoba welwitschii. Finally, the swamp forest surrounding the eastern part of the lake (Figure 1) is composed of Alstonia boonei, Eriocoelum microcarpa, Trichilia heudelotii, Xylopia staudii, Xylopia aethiopica, Nitragena stipulosa, Coelocaryon preussii, Symphonia globulifera, Strombosia glaucescens and Pentaclethra etveldeana. The climate around the lake is tropical with ~1300 mm annual precipitation, with a 4-month dry season from June to September. The lake is ~3 ha in area, with a depth of 6 m at its deepest point. 

Sampling and sediment dating
Sediments were collected from a raft using coring apparatuses in August 2015. The topmost water-saturated sediments were extracted using a Kajak-Brinkhurst (KB) sampler, while deeper sediments were sampled using a modified Livingstone piston corer. The sequence NGO-A is 2.70 m long and composed of a top core of 35 cm and three longer cores of 1 m, taken with 20 cm overlap between cores. 
The surface KB core was dated using radioactive cosmogenic tracer analysis of 210Pb (half-life = 22.3 years; [2]) of seven samples (Table S1). 210Pb activity was inferred from activity of the daughter isotope 210Po by alpha spectrometry after acid digestion and subsequent deposition on an Ag disk. 210Pb activity was then used to calculate sediment ages using the Constant Rate of Supply model (CRS; [3]). Errors from 210Pb dating were assessed using Monte Carlo Bayesian uncertainties calculations, which have been described and implemented within EXCEL by Sanchez-Cabeza et al. [4]. Older cores were radiocarbon dated via accelerator mass spectrometry (AMS) of four sets of macro-remains (Table S1). Radiocarbon ages were calibrated to calendar years using the IntCal13 calibration curve [5] and expressed in years Before Present (BP, with the present defined as 1950 AD by convention). Radiolead and radiocarbon dates were then combined to generate a Bayesian age-depth model using the BACON package [6] in R [7]. Overall, the median temporal resolution is ~8 years cm-1 (Figure 1B).

Organic vs. Carbonate Composition
The organic vs. carbonate composition of carbon in sediments can reflect the local hydrological context [8,9]. At the Ngofouo site, the bedrock is calcareous, such that an increase in [CaCO3-] suggests increased erosion by run-off. Increased erosion might be indicative of increased seasonality (changes in hydrological regime, see e.g. [8,9]) or decreased tree cover (opening of the vegetation [10]), or both. For estimates, the organic and carbonate composition of sediments were estimated via loss on ignition. Subsamples of 1 cm3 were taken continuously every centimeter, then subjected to a series of 4-hour burns in a furnace at 550°C and 1-hour at 1000°C [11]. 

Fire Regimes
Fire regimes can be characterized in the paleorecord via a number of metrics estimated based on charcoal deposits in sediments, including charcoal accumulation rates (CHAR), which is linked to overall rates of biomass burning [12,13], as well as evaluations of charcoal geometry (width to length ratio [W:L] and its standard deviation), which are related to the fuel type of the fires [10]. For estimates, contiguous subsamples of 1 cm3 were soaked ~24 hours in 5% sodium metahexaphosphtate to deflocculate the sediments. Bleach was then used to whiten organic matter and facilitate charcoal particles identification. Charcoal particles were sieved in a 150-m mesh and analyzed under a stereomicroscope coupled to a digital camera and an image analysis software (Clemex vision 7.0) to calculate area, length, width and sphericity of each particle. CHAR was then calculated by resampling original charcoal concentrations using a constant time frame of 8 years (median time resolution) that was then multiplied by sediment accumulation rates based on the age-depth model. W:L and its standard deviation were estimated on the same charcoal samples, on a minimum of 4 particles per sample.
  
Phytoliths extraction, identification and counting
Phytoliths are used in paleoecology particularly for how well they differentiate among grass taxa, which are impossible to differentiate on the basis of pollen. Here, phytoliths were described according to their three dimensional shape and classified following the international code of phytolith nomenclature [14] and based on the classification schemes of Twiss et al. [15] and Twiss [16], augmented by information presented by various studies in Africa and elsewhere [17–30]. We identified and classified morphotypes and counted all phytoliths into four categories: 
(1) Grass silica short cells (GSSC) are produced by Poaceae. Among GSSCs, we identified bilobates, polylobates and crosses morphotypes, which are mainly produced by the Panicoideae subfamily and are C4 grasses adapted to warm and humid climate [15,23]. We also identified saddles, occurring principally in the Chloridoideae subfamily, and are C4 grasses adapted to warm and dry climate [15,23]. Finally, we also identified the rondel type (conical unilobate [22]), a morphotype mainly produced by the Pooideae subfamily [15,23] but also other ones [30];  
(2) the woody dicotyledon category is composed of globular granulate [24,31], globular decorated [21,22,28], blocky faceted [21,22,25,28] and blocky granulate [22,25] morphotypes;
(3) two family-specific morphotypes were identified here. One papillae type produced by Cyperaceae in wetland [20], and the globular echinate morphotype produced by palms (Arecaceae) [28];
(4) non-diagnostic morphotypes: elongated, globular smooth and blocky smooth types.
Total influx rates and influx ratios can be informative about vegetation structure. Higher overall influx is often indicative of grassier vegetation types, since grasses are more productive than other vegetation of phytoliths [17,24]. Counts can also be further abstracted into an index of tree cover known as the D:P index, or the ratio of woody dicotyledon (D, globular granulate and decorated morphotypes) to Poaceae (P, GSSCs) phytoliths [22,31,32], recently modified by Bremond et al. [33] to be computed as D:(D+P).   
To facilitate identification, phytoliths were extracted from 1 to 6 cm3 of sediments on 16 samples (see Figure 2, Table S2) via a protocol based on Aleman et al. [34]. The main steps are as follows: (1) deflocculation of the sediment with NaPO3, (2) dissolution of carbonates using HCl, (3) oxidation of the organic matter using a mix of potassium chlorate and nitric acid (see [35,36]), (4) reduction and removal of iron oxides, (5) removal of clay by gravity, (6) drying of the residue with ethanol, and (7) densimetric separation of phytoliths in a dense solution of polytungstate (d = 2.35). Lycopodium tablets were then added to the phytoliths solution to determine phytolith influx (Table S2). The recovered fraction was mounted on microscope slides using glycerin for 3D observation, and phytoliths were counted at 500X magnification. Only phytoliths with diameters larger than 5 m were counted and classified. 

Human presence around the lake
[bookmark: _GoBack]Past human presence and activities around Lake Ngofouo were compiled from dated archeological records from Oslisly et al. [37] and Morin-Rivat et al. [38]. The combined dataset consists of radiocarbon dates from archaeological sites covering the 5000-100 BP period, subsampled for the 2000-100 BP period to coincide with charcoal and phytolith time series. Regional human occupancy was estimated within a 175-km radius and local human occupancy within a 75-km radius (see Figure 1A). These subsetted data were then used to estimate a proxy of population density (see [39] for more detail). First, we calibrated each date using the IntCal calibration curve [5]. Then, for each archeological dating, we randomly picked one age according to its calibrated probability density. We then used a kernel density function to assess the temporal density of archeological dating. We repeated this procedure 1000 times to assess the 95% confidence interval (CI) around the median trend in archeological sites dating (Figure 2G and Figure S6). 

Statistical analyses
All analyses were performed in R version 3.5.1 [7]. We resampled charcoal data using the paleofire package [40]. We performed a wavelet transform of the CHAR using the biwavelet package in order to analyze periodicities in the CHAR record. Areas of high power (p < 0.05), i.e. time periods with CHAR showing a significant periodicity, were tested using Chi-2 tests. We used the approach developed by Seddon et al. [41], and based on the Sequential T‑test Analysis of Regime-Shifts algorithm (STARS [42]) to detect regime shifts in the continuous records of charcoal, carbonates and organic matters. We sorted each temporal series into 20-year bins standardized by the mean and standard deviation, which were then white-noise filtered using the ordinary least-squares method [41]. The p value was set to 0.05 and the window size to 18. 
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Supplementary Figures
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Figure S1. Phytoliths diagrams of the total assemblage organized by group, Poaceae phytoliths (GSSC), woody dicotyledons, family specific and non-specific morphotypes. The percentages were computed for the total assemblage.
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Figure S2. Regime shift analysis of charcoal accumulation rates based on the STAR algorithm (see Methods, [43]). Panel A represents standardized CHAR data to z-score from which the regime shift analysis is performed (dotted lines). In panel B are represented the dates and amplitude of the shift based on the regime shift index (RSI, [42]). The dates of shifts (change points) are here 1540, 1060, 480, 340 and 0 BP.
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Figure S3. Regime shift analysis of the standard deviation of W/L based on the STAR algorithm (see Methods, [43]). Panel A represents standardized standard deviation of W/L to z-score from which the regime shift analysis is performed (dotted lines). In panel B are represented the dates and amplitude of the shift based on the regime shift index (RSI, [42]). The date of the shift is here 1580 BP.
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Figure S4. Regime shift analysis of sedimentary organic matter percent based on the STAR algorithm (see Methods, [43]). Panel A represents standardized organic matter percent to z-score from which the regime shift analysis is performed (blue dotted lines, corrected to autocorrelation: light blue). In panel B are represented the dates and amplitude of the shift based on the regime shift index (RSI, [42]). The dates of the shifts are 1580, 540 and 340 BP. 
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Figure S5. Regime shift analysis of carbonates concentration in the sediments based on the STAR algorithm (see Methods, [43]). Panel A represents standardized carbonates concentration to z-score from which the regime shift analysis is performed (blue dotted lines, corrected to autocorrelation: light blue). In panel B are represented the dates and amplitude of the shift based on the regime shift index (RSI, [42]).  The dates of shifts are 1560, 580, 340 and 80 BP.
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Figure S6. Human population density estimated as the archeological dating density (see Methods) since 4000 BP. Black crosses represent local archeological dating and the black line the regional human density associated with 95% confidence interval in lighter grey.



Table S1. Radiolead and radiocarbon dating information. 14C ages are uncalibrated; 210Pb ages are calibrated using the CRS model and given in years BP. All dated sediment layers had a thickness of 1 cm. 
	Laboratory code
	Age 14C
	Age BP
	Error
	Depth (cm)

	Pb-01
	-
	-65
	1
	582

	Pb-02
	-
	-61
	43
	584

	Pb-03
	-
	-56
	47
	586

	Pb-04
	-
	-39
	67
	589

	Pb-05
	-
	-26
	95
	592

	Pb-06
	-
	-11
	96
	596

	Pb-07
	-
	14
	33
	601

	CAMS#175834
	890
	-
	40
	620

	D-AMS 028893
	1236
	-
	24
	730

	D-AMS 028894
	1669
	-
	24
	785

	CAMS#175472
	1960
	-
	30
	840
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Table S2. Phytolith samples, information and counts.

	Sample
	Depth (cm)
	Age (cal. yr BP) 
	Volume (cm3)
	Globular granulate
	Globular decorated
	Blocky Faceted
	Blocky granulate
	Lobate
	Cross
	Saddle
	Rondel
	Globular echinate
	Papillae
	Globular smooth
	Blocky smooth

	NGO-KB1
	585
	-51
	2.5
	60
	6
	0
	4
	124.5
	21
	9
	4
	13
	0
	2
	1

	NGO-KB2
	595
	4
	2.5
	137
	22
	3
	19
	81
	9
	6
	1
	28
	3
	7
	2

	NGO-KB3
	605
	74
	2.5
	132
	10
	3
	9
	81
	13
	7
	9
	35
	5
	8
	3

	NGO1
	614
	163
	1
	133
	11
	1
	14
	31
	3
	2
	2
	10
	3
	4
	2

	NGO2
	635
	364
	1
	133
	8
	4
	23
	100.5
	11
	4
	5
	16
	1
	6
	3

	NGO3
	654
	525
	3
	127
	27
	1
	3
	79
	8
	1
	8
	7
	1
	9
	0

	NGO4
	675
	705
	1
	171
	19
	3
	21
	95.5
	5
	7
	11
	37
	0
	5
	0

	NGO5
	695
	870
	1
	129
	9
	2
	9
	75
	5
	0
	7
	50
	1
	5
	0

	NGO6
	715
	1037
	1
	91
	29
	2
	12
	67.5
	8
	0
	2
	35
	1
	4
	2

	NGO13
	724
	1109
	1
	109
	33
	2
	23
	92
	8
	8
	3
	15
	3
	3
	0

	NGO7
	735
	1201
	1
	148
	17
	2
	6
	16
	2
	1
	4
	6
	0
	5
	0

	NGO8
	755
	1348
	1
	102
	17
	0
	65
	21
	7
	14
	10
	45
	1
	27
	0

	NGO9
	774
	1490
	4
	142
	15
	2
	28
	42
	17
	5
	1
	28
	1
	2
	0

	NGO10
	795
	1636
	6
	136
	12
	1
	7
	6.5
	1
	0
	1
	35
	0
	0
	1

	NGO11
	814
	1764
	6
	74
	26
	8
	30
	33.5
	1
	11
	7
	1
	6
	22
	24

	NGO12
	834
	1901
	6
	68
	12
	6
	40
	28.5
	5
	8
	2
	1
	3
	16
	8






Table S1-continued. 
	Sample
	Elongated
	Acicular
	Lycopodium
	Lycopodium concentration

	NGO-KB1
	3
	0
	19
	45865

	NGO-KB2
	7
	0
	12
	45865

	NGO-KB3
	5
	2
	8
	20848

	NGO1
	1
	0
	18
	45865

	NGO2
	12
	2
	83
	45865

	NGO3
	2
	3
	77
	104240

	NGO4
	5
	0
	9
	20848

	NGO5
	4
	3
	21
	62544

	NGO6
	1
	5
	42
	45865

	NGO13
	1
	0
	23
	20848

	NGO7
	0
	0
	11
	20848

	NGO8
	0
	6
	57
	45865

	NGO9
	1
	1
	11
	20848

	NGO10
	2
	0
	11
	20848

	NGO11
	31
	13
	84
	20848

	NGO12
	7
	8
	58
	20848
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