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129 Russian-type corer (drives 1 m long, diameter 5 cm) (Fig. 1D). Sediment drives were transferred onto 130 PVC half-tubes and sealed in a plastic sheath (Fig. 2). The sediments were then sliced into 2-cm thick 131 slices, which were placed individually in labelled plastic bags and stored at +4 ºC at the University of 132 Montpellier. 138 BetaAnalytics laboratory (USA). In addition to radiocarbon dating, we used tephrochronology when 139 tephra layers resulting from known volcanic eruptions were available. Tephrochronology is used to 140 determine the age of a volcanic eruption based either on evidence from a historical archive or from prior 141 dating of tephras in other sediment records [START_REF] Turney | Tephrochronolgy. Tracking Environmental Change Using 789 Lake Sediments[END_REF]. The geochemical and 142 mineralogical composition of the main of the tephra layers makes it possible to identify the origin of the 143 uppermost ash layers (Table 3). However, our knowledge of the origin of the eruption and its 144 corresponding ages become uncertain as one goes deeper in time (Table S1). We classified the tephra 145 layers recognized in PA1-08 in three categories, from 0 for no uncertainty to 3 for maximum uncertainty, 146 and only the three most recent tephra layers were usable for our age model (Table S2).

147 The chronology of the core was determined using rBacon v2.5.6 [START_REF] Blaauw | Rbacon: age-depth modelling using bayesian 552 statistics[END_REF]. It is constrained 148 by 35 control points: 31 14 C dates, the estimated age of the sediment surface (Table 2), and the ages of 149 the three most recent tephra layers identified (Fig. 2). Three 14 C dates that were taken near sediment-150 drive ends were rejected as they reported much younger ages than expected based on adjacent dates. We 151 excised sediments identified as tephra layers before age-modeling (and added them after age-modeling)

152 as these sections are assumed to be abrupt accumulations. All 14 C dates were calibrated with a mixed 378 at the same time as a fire fueled by Poaceae observed at the beginning of this episode (Fig. 5).

379 Between 1800 and 770 cal yr BP, the synchronous increase in the concentration of charcoal particles, 380 Ambrosia pollen, cloud forest tree taxa and bog taxa Huperzia (Fig. 4, 5) suggests high moisture and 381 warm conditions and characterizes the warmest interval of the pollen record. Under such moist and 382 warm climate conditions, the low FRI is probably related to increased human activity, which reached 383 higher elevations during this interval with minor fluctuations recorded at 1750, 1550 and around 900

384 cal yr BP. The same conclusion was inferred at Lake La Cocha [START_REF] González-Carranza | Major altitudinal shifts in Andean vegetation on the Amazonian flank show temporary loss of biota in the Holocene[END_REF].

385 Between 770 and 325 cal yr BP, the simultaneous disappearance of Ambrosia, Apiaceae pollen and 386 cloud forest tree taxa, and the expansion of Ast. Senecio suggests drier soil and atmospheric conditions 387 than in the previous interval. This is the driest interval of the pollen record which, due to its long 388 duration, could result from both tephra deposition (M2 layer) and climate conditions [START_REF] Ledru | The Medieval Climate Anomaly and the Little Ice Age 700 in the Eastern Ecuadorian Andes[END_REF].

389 During the last century, between 250 and 150 cal yr, the expansion of the Apiaceae pollen percentages, 390 the re-expansion of Ambrosia and cloud forest tree taxa and the high Huperzia frequency suggest high 391 moisture rates on the paramo.

392 Out of seven changes in the landscape, we attribute two to tephra deposition (4100 and 2550 cal yr 393 BP), two of longer duration are associated with the superimposed effect of tephra deposition and 394 climate change (respectively 4600-4440 cal yr BP and 770-325 cal yr BP), two events are exclusively 395 attributed to climate change (3450-2900 cal yr BP and 250-150 cal yr BP) and one to human activity 396 between 1800 and 770 cal yr BP. In the following section, we discuss the climate patterns.

398 Climate forcings, SASM versus El Niño activity

399 The bog at the base of core PA1-08 was not fully expanded, probably due to vegetation recovery after 400 the deposit of two meters of organic mud and reworked tephra. However, high Poaceae and cloud forest 401 tree taxa frequencies suggest a high moisture level at Papallacta at the beginning of the record.

402 The pollen record of the last 1,000 years showed statistically significant vegetation changes (pollen 403 zones P-6 to P-8; Fig. 4), including fluctutations of transported tree pollen, Ambrosia, and Apiaceae 404 frequencies, that were broadly synchronous with Sea Surface Temperature changes during the Medieval 405 Climate Anomaly (MCA) and the Little Ice Age (LIA) [START_REF] Ledru | The Medieval Climate Anomaly and the Little Ice Age 700 in the Eastern Ecuadorian Andes[END_REF]). An intermediate dry period, 406 characterized by low tree frequencies and the regression of Ambrosia between the MCA and the LIA 407 (zone P-7), also identified by [START_REF] Apaéstegui | Precipitation changes over the eastern Bolivian Andes 527 inferred from speleothem (δ18O) records for the last 1400 years[END_REF], highlights the response of páramo biodiversity 408 under both low ENSO variability and low convective activity. Thus, the pollen record spanning the last 409 1000 years shows how the two sources of moisture, namely the year-round adiabatic cloud dripping 410 linked to SASM activity and the ENSO variability at decadal scale, influenced the vegetation cover 411 around Papallacta. Here our aim was to understand how these moisture sources behaved during the late 412 Holocene with an additional driver represented by summer insolation and including the regional 413 volcanic activity with 18 tephras deposited over the course of the last 5,000 years. 833 834 Table 3 Description of the tephra layers in PA1-08 shown in Fig. 3 with the origin and the year of the 835 eruption re-calculated from our age model (see also supplementary Tables S1 andS2). 857 (see Table 3). Grey rectangles along the depth scale indicate the thickness of the tephra layers. Bacon 858 age/depth model of core PA1-08 (red dashed line) overlaying the calibrated distributions of the 859 individual radiocarbon dates (blue) (see Table 2) and the age of the tephra deposits (in green) reported 860 in Table 3. Dark grey areas show the 95% confidence intervals of the models (Blaauw and Christen, 

  of 34 bulk sediment samples were sent for radiocarbon Accelerator Mass Spectrometry (AMS) 136 dating and measured at the Laboratoire de Mesure du Carbone14 (LMC14)-UMS 2572 (CEA/DSM -137 CNRS-IRD-IRSN-Ministère de la Culture et de la Communication, Saclay, France), and at the
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 12 A) Map of western South America showing the tropical Andes (in red), the location of 844 Papallacta bog (white star), the location of some of the records cited in the text (C Cariaco (Haug et al., 845 2001), LC Lake La Cocha (González-Carranza et al., 2012), TL Tres Laguna (Frederick et al., 2018), S 846 Shatuca (Bustamante et al., 2016), TP Tigre Perdido (van Breukelen et al., 2008), H Huagapo (Kanner 847 et al., 2013)) and the main climatic features discussed in the text (ITCZw is the position of the 848 InterTropical Convergence Zone in winter, ITCZs in summer, HC the Humboldt Current, SASM South 849 American Summer Monsoon). B) Climate information represented on a Walter diagram (Luteyn, 1999).850 Temperature is shown by the bottom curve, precipitation by the upper curve. C) The bog at Papallacta 851 with patches of Polylepis forest on the background slopes. D) View of the M2 tephra in core PA1Lithology of the PA1-08 core of Papallacta showing the location of tephra layers M1 to M18
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 345 Percentages of 23 selected pollen and non-pollen taxa sampled in core PA1-08 plotted along 866 a depth scale. Grey shaded areas indicate tephras; dashed horizontal lines: statistically significant pollen 867 assemblage zone boundaries. Percentages of 23 selected pollen and non-pollen taxa sampled from core PA1-08 plotted 872 along an age scale. Dashed horizontal lines: statistically significant pollen assemblage zone boundaries 873 Results of core PA1-08. Comparison between vegetation dynamics and fire history in 879 Papallacta bog. From top to bottom: the convective wind activity (convectivity index) inferred from
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 3 Description of the tephra layers observed in PA1-08 and reported in figure3together with the 217 origin and the year of the eruption re-calculated from our age model (see also supplementary Tables1 218 and 2). WC Western Cordillera, EC Eastern Cordillera.
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Table 1

 1 Description of the vegetation cover around Papallacta bog (from[START_REF] Ledru | The Medieval Climate Anomaly and the Little Ice Age 700 in the Eastern Ecuadorian Andes[END_REF].
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Table 2

 2 Chronology of core PA1-08. Radiocarbon ages measured on total organic matter from 832 sediments in the PA1-08 core.
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Table 900 Table S1

 900S1 Radiocarbon ages of the eruptions dated in situ taken from volcanologic studies, including 901 the location of the dated material inside (I), under (U) or above (O) the tephra, the link with the tephra 902 layers observed at Papallacta and the associated references.

	887 898					
	899 Supplementary 903					
	904					
	905 Sample number	Lab number Material	Position	Age 14C	Reference
	906					
	907					
	908					
	Tephra M1: 1560-1660 AD				
	PICH-98C	GrN25522		charcoal		I	240 ± 20	Robin et al .,2008
	PICH-98B1 PICH-90A PICH-33B PICH-128B	F o r GrN25521 charcoal F GrN25517 charcoal o GrA32951 charcoal r GrA32953 charcoal		I I I I	290 ± 20 320 ± 20 330 ± 30 330 ± 30
	PICH-30G Tephra M2: Quilotoa GrN25508	P e charcoal P e		I	335 ± 20
		Beta analytic USGS-M	e r charcoal e r charcoal	I I	840 ± 50 900 ± 150	Mothes and Hall, 2008
		USGS-M Teledyne isotopic Beta analytic Beta analytic	R e v i e charcoal I 1150 ± 300 R paleosoil U 820 ± 80 e charcoal I 770 ± 40 v e i charcoal I 780 ± 40
						w w
	888					
	889					
	880 the log-transformed Transported pollen:Poaceae pollen ratio (log(T/P)), Polylepis and Poaceae pollen 890 Figure 6: Records documenting past changes in precipitation in western tropical South America for
	881 percentages, and fire history based on the abundance of all particles of charcoal, wood and bark 891 the past 5,000 years. From north to south (A) the changes in Ti% associated with shifts in ITCZ at
	882 charcoal, and Poaceae charcoal. Red empty symbols: samples from tephra layers; black thick lines: 892 Cariaco (10°N) (Haug et al., 2001) (B) ) changes in Botrycoccus frequencies at El Junco (Galapagos),
	883 loess smoothed records; histograms: charcoal accumulation rate; thick grey line: burned biomass; thin 893 a record of El Niño frequency (Zhang et al., 2014) (C) SST in the Bay of Guayaquil (Ecuador;
	884 red line: threshold; crosses: fire events; gray circles: insignifanct charcoal peaks; blue line: fire return 894 Mollier-Vogel et al., 2013) (D) the Papallacta T/P index of upslope convective activity calculated
	885 interval (FRI).					
	886					
							29 30

895 from the PA1-08 pollen record; (E) changes in ∂ 18 O at Shatuca (Peru): a record of SASM intensity 896

[START_REF] Bustamante | Holocene changes in monsoon precipitation in the 558 Andes of NE Peru based on δ 18 O speleothem records[END_REF]

; F) changes in ∂18O at Huagapo (Peru): a record of SASM intensity

(Kanner 897 et al., 2013)

.

Tephra M3: 10th century eruption of the Guagua Pichincha

  Age of the tephra layers calculated from the age model based on the identification 912 of the origin of the ash deposit reported in TableS1. Only three tephras showed no or little 913 identification uncertainty and were included in the final age model (Fig.2).

	SA-45B SA-38C1 SA-52B SA-42D 911 Table S2 914 915		GrN28730 GrN28728 GrN28731 GrN28729		charcoal paleosoil charcoal charcoal		I U I I	2260 ± 30 2250 ± 30 2230 ± 40 2220 ± 40
		Papallaca Tephra M12 (?): Cuicocha eruption PA1-08		Ages of the tephras based on	
		Tephra M13 (?): Tungurahua 3000 BP eruption	documentary	
						wood	I evidence and 14C dates	2995 ± 90	Hall et al., 1999; Le Pennec et al. 2013
		Tephra ID	GrN27847 TopDepth BotDepth	charcoal Depth Thickness		I Cal BP	14 C BP 2640 ± 45	error	Uncertainty 0 no; 3 max
		M1	110	GrA34159 115	charcoal 112.5 5		I 430	2845 ± 40	20	1
		M2ab	130	GrA23911 148	139	charcoal 18		I 793	2915 ± 40	24	0
		M3	178	GrA30884 181	181	charcoal 3		I 1096	2960 ± 30	15	1
		M4	202	GrA33878 206	204	charcoal 4		I	3045 ± 45 1210	200	2
		F o r P e e r GrA24128 charcoal Tephra M14-15 (?): Guagua Pichincha PICH-29B GrN25507 charcoal PICH-72 GrN25512 paleosoil F o r M4 202 206 204 4 M5 208 226 217 18 M6 232 236 234 4 M7 257 264 260.5 F o r F o r Tephra M16: Cotopaxi rhyolites (F or Colorado canyon) paleosoil paleosoil charcoal P e e r P e e P e e r r	U I U O O I	3195 ± 45 3540 ± 30 1230 #N/A #N/A Robin et al., 2008 30 2 3 #N/A #N/A 3 3700 ± 30 4420 ± 80 Hall and Mothes, 2008 4670 ± 70 4460 ± 140
		PICH-36C PICH-127C PICH-85 Tephra M18 (?): N5 eruption of the Atacazo-Ninahuilca GrN30187 paleosoil GrN30189 charcoal GrN25513 paleosoil peat R e U I U v i e 1020 ± 25 930 ± 60 1100 ± 40 w paleosoil O 4170 ± 110 paleosoil O 3950 ± 70 SA-24C GrN28725 charcoal I 4360 ± 50 SA-24I GrN28726 charcoal I 4440 ± 50 SA-38A GrN28727 paleosoil U 4600 ± 40 Tephra M18 (?): Chachimbiro eruption R e v i e w R R e v i e w e v i e w	Robin et al., 2008 Hidalgo et al., 2008
		PICH-87		GrN25515	charcoal overlying		I	1100 ± 90
		PICH-38E CHA-BB-016		GrN24776 SacA19708	charcoal tephra dep		I O	1120 ± 30 4615 ± 40	Bernard et al., 2014
		PICH-127B CHA-BB-009		GrN25809 GrN32372		charcoal charcoal		I I	1180 ± 30 4790 ± 65
		PICH-127A CHA-BB-021		GrN26206 GrN32373		charcoal charcoal		I I	1260 ± 70 4766 ± 50
		CHA-BB-022		SacA19694		charcoal		I	4760 ± 40
	909	Tephra M4 (?): Cotopaxi "X" eruption				
	910					paleosoil		U	1180 ± 80	Hall and Mothes, 2008
						paleosoil		U	1210 ± 80
		Tephra M9-10: N6 eruption of the Atacazo-Ninahuilca		
		SA-22E4		GrN28724		charcoal		I	2320 ± 30	Hidalgo et al., 2008
		SA-22A		GrN28723		paleosoil		U	2300 ± 30
										31 32

Table 1 .

 1 Description of the vegetation cover around Papallacta bog (from[START_REF] Ledru | The Medieval Climate Anomaly and the Little Ice Age 700 in the Eastern Ecuadorian Andes[END_REF].

	Site	Family	Species	Family	Species
	Paramo	Poaceae	Calamagrostis sp.	Asteraceae	Diplostephium sp.
	3,600-4,000		Festuca sp.		
	m asl	Rosaceae	Polylepis sp.		Pentacalia sp.
		Hypericaceae Hypericum sp.		
	Papallacta	Asteraceae	Loricaria toyoides	Gunneraceae Gunnera magellanica
	bog		Dorobaea pinpinelifolia Ranunculaceae Ranunculus sp.
	3,815 m asl		Monticalia vaccinioides Clusiaceae	Hypericum laricifolium
			Hippochoeris sp.		Hypericum sp.
			Xenophyllum sp.	Geraniaceae	Geranium sp.
			Werneria sp.	Polygonaceae Muehlenbeckia volcanica
		Valerianaceae Valeriana microphylla Apiaceae	Hydrocotyle sp.
		Lycopodiaceae Huperzia sp.		Azorella sp.
		Gentianaceae Gentiana sedifolia	Plantaginaceae Plantago rigida
			Halemia weddeliana	Cyperaceae	Carex lechmanii
			Gentianella sp.		
		Poaceae	Cortaderia sericanta		
			Bromus sp.		
			Cortaderia nitida		
	Cushion paramo Apiaceae	Azorella sp.	Plantaginaceae Plantago sp.
	Paramo	Malvaceae	Nototriche sp.	Brassicaceae	Draba sp.
	>4,000 m asl	Apiaceae	Azorella sp.	Plantaginaceae Plantago sp.
		Asteraceae	Chuquiraga sp.		
			Loricaria sp.		
			Werneria sp.		

Table 2 .

 2 Radiocarbon dates of core PA1-08. Radiocarbon ages were measured on total organic matter.Supplementary tableRadiocarbon ages of the eruptions dated in situ by the volcanologists with the location of the dated material I inside U under the tephra O above the tephra, the link with the tephra layers observed at Papallacta and the associated references.

	* = calendar age; ** = rejected 14C dates		
	Lab number	Depth	Age 14 C yr BP	Lab number	Depth
		cm			cm

): Cuicocha eruption Tephra M13 (?): Tungurahua 3000 BP eruption

  

		wood	I	2995 ± 90	Hall et al., 1999; Le Pennec et al., 2013
	GrN27847	charcoal	I	2640 ± 45
	GrA34159	charcoal	I	2845 ± 40
	GrA23911	charcoal	I	2915 ± 40
	GrA30884	charcoal	I	2960 ± 30
	GrA33878	charcoal	I	3045 ± 45
	GrA24128	charcoal	U	3195 ± 45
	Tephra M14-			

15 (?): Guagua Pichincha
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	PICH-29B	GrN25507	charcoal	I	3540 ± 30	Robin et al., 2008
	PICH-72	GrN25512	paleosoil	U	3700 ± 30	
	Tephra M16: Cotopaxi rhyolites (F or Colorado canyon)			
			paleosoil	O	4420 ± 80	Hall and Mothes, 2008
			paleosoil	O	4670 ± 70	
	charcoal paleosoil paleosoil Tephra M18 (?): N5 eruption of the Atacazo-Ninahuilca SA-24C GrN28725 charcoal SA-24I GrN28726 charcoal SA-38A GrN28727 paleosoil Tephra M18 (?): Chachimbiro eruption CHA-BB-016 SacA19708 peat overlying tephra dep F o r F o r P e e r R e v i e w I 4460 ± 140 O 4170 ± 110 O 3950 ± 70 I 4360 ± 50 Hidalgo et al., 2008 I 4440 ± 50 U 4600 ± 40 O 4615 ± 40 Bernard et al., 2014 CHA-BB-009 GrN32372 charcoal I 4790 ± 65 CHA-BB-021 GrN32373 charcoal I 4766 ± 50 CHA-BB-022 SacA19694 charcoal I 4760 ± 40 P e e
			r			
			R			
			e v i e w	
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Table S2

 S2 Age of the tephra layers calculated from the age model based on the identification of the origin of the ash deposit reported in TableS1. Only three tephras showed no or little identification uncertainty and were included in the final age model (Fig.2).
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