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Abstract 24 

 25 

European colonization of South America instigated a continental scale depopulation of its 26 

indigenous peoples, the extent of whose impact on the tropical forests of South America prior to 27 

AD 1492 varied across the continent. The role that indigenous peoples have played in 28 

transforming the biodiverse tropical forests of the Andean-Amazonian corridor through time 29 

remains unknown. Here we reconstruct the last 1000 years of changing human impact on the 30 

cloud forest of Ecuador at a key trade route, which connected the Inkan Empire to the peoples of 31 

Amazonia. We compare this historical landscape to the pre-human arrival (c. 44-42 kya) and 32 

modern environment, demonstrating that intensive land-use within the cloud forest prior to 33 

European arrival deforested the landscape to a greater extent than modern (post-AD 1950) cattle 34 

farming. This intensive land-use ended abruptly c. AD 1588 following the catastrophic decline of 35 

the indigenous peoples. Forest succession then took c. 130 years to establish a structurally intact 36 

forest, one comparable to that which occurred prior to the arrival of the first human to the 37 

continent. We show that 19th century descriptions of the Andean-Amazonian corridor as a 38 

pristine wilderness record a shifted ecological baseline, one that less than 250 years earlier had 39 

consisted of a heavily managed and cultivated landscape.  40 

 41 

 42 

 43 

 44 

 45 

 46 
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Main 47 

The cultural collision that followed the arrival of Europeans to the Americas in AD 1492 48 

(all dates hereafter in years AD) triggered conflict, disease and enforced labour that resulted in  49 

the deaths of estimated 80 million indigenous people 1. Uncertainty remains over the ecological 50 

consequences which followed this depopulation and the influence that indigenous peoples 51 

exerted on the landscape prior to European arrival 2,3. In South America historical and ecological 52 

evidence points to disparities in the timing, spatial distribution and magnitude to which tropical 53 

forests have been modified by pre- and post-European contact peoples 4–11 . Here we examine 54 

how the tropical montane cloud forests of the eastern Andes (2000-2900 meters above sea level 55 

(m asl)), today one of the most biodiverse, carbon rich and threatened habitats on Earth 12, were 56 

transformed over the last 1000 years of changing human impact.  57 

Prior to European arrival in the Americas indigenous peoples inhabited the Quijos Valley 58 

on the eastern Andean flank of northern Ecuador 13–15 (Fig.1). Evidence from archaeological 16,17, 59 

anthropological 13,14 and historical records 18 indicate that this Andean-Amazonian corridor 60 

formed the eastern frontier of the Inkan Empire (1400-1532) 14,19. The Inka undertook 61 

expeditions into the Quijos region during their expansion subjugating the native population, 62 

however, they established no infrastructure or permanent presence 14,19. The people of the Quijos 63 

Valley remained a distinct group that facilitated exchange between the Inka and the peoples of 64 

the Amazon 13,15. Following European arrival Gonzalo Díaz de Pineda (1538) and Gonzalo 65 

Pizarro (1541) led the first excursions by Spanish conquistadors into the Ecuadorian Amazon 14. 66 

Leaving from the capital city of Quito they travelled east over the Andes, through the Quijos 67 

Valley and into the Amazonian lowlands in search of gold and cinnamon 13,14. By 1559 the 68 

Spanish town of Baeza had been founded in the Quijos Valley, near the indigenous settlement of 69 
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Hatunquijos (Fig.1). Contemporary Spanish accounts indicate that at contact the indigenous 70 

population dispersed throughout the wider Quijos region numbered c. 35,000, and that by 1577 a 71 

population of c.11,400 indigenous people were concentrated around the town of Baeza 14. 72 

However, brutal treatment of the indigenous peoples, disease, the establishment of ‘encomienda’ 73 

(forced labour and tribute) 20 and numerous indigenous uprisings (1560-1578) 13 led to a 75% 74 

decline in the native population by 1600 14.  Depopulation continued and the region was virtually 75 

abandoned for the next 250 years, so that by the middle of the 19th century the former town of 76 

Baeza consisted solely of three small huts 21,22.    77 

 78 

Results 79 

Lake Huila (00° 25.39’ S, 78° 01.06’ W; 2608 m asl) is 30 metres in diameter, and 80 

located on an isolated lava terrace within the Quijos Valley, underlain by volcanic rocks derived 81 

from the nearby Antisana Volcano 23 (Fig.1, Supplementary Figure 1 and Supplementary Figure 82 

2 ). A mosaic of open cattle pastures and secondary forest fragments occupy the valley floor 83 

along the Río Quijos, a tributary of the Río Coca and Río Napo (Fig.1). Montane cloud forest 84 

scarred by landslides and deforestation cover the steeper slopes of the valley. In 2013 two 85 

parallel sediment cores of 209 cm were recovered from the centre of Huila using a Livingstone 86 

piston corer 24. A multiproxy palaeoecological approach was used to reconstruct past 87 

environmental change from the top 50 cm of the core (Fig.2 and Supplementary Figure 3) 88 

representing approximately the last 700 years (Supplementary Figure 4). Pollen analysis 89 

provided evidence of past local (< 100 m) to regional (< 30 km) vegetation change 25, while 90 

macro- (> 100 µm) and micro-charcoal (< 100 µm) provided evidence of local to regional 91 

burning 26. Microfossils of aquatic elements were used to interpret shifts in lake conditions and 92 
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fungal non-pollen palynomorphs (NPPs) changes in local ecosystem dynamics, with 93 

characteristic morphotypes used to determine changes in lake edge vegetation (HdV.201), local 94 

burning (Neurospora), erosion (Glomus) and herbivory (coprophilous fungi Sporormiella and 95 

Podospora) 27. To contextualise the Huila record proxy data were compared to modern local 96 

surface samples and the closest pre-human arrival sedimentary record (Vinillos) 28  97 

(Supplementary Figure 1 and Supplementary Table 1).  98 

Proxy data from Huila revealed four distinct past vegetation communities (Fig. 2). The 99 

oldest zone HUI-1, covers the pre-European period and up to 1588. The zone is characterised by 100 

a pollen assemblage indicative of open conditions (Caryophyllaceae, Amaranthaceae, Thalictrum 101 

sp. (12-28%) and Poaceae (30-53%)), the cultivation of maize (Zea mays) (< 3%), high 102 

concentrations of charcoal, the presence of the charcoal-loving fungal spore Neurospora, and 103 

pottery sherds (Fig. 2). The shift to HUI-2 (1588-1718) occurs at a spike in macro-charcoal 104 

concentration, followed by an increasing abundance of aquatic indicators, grasses (Poaceae), 105 

pollen of the disturbance indicator Cecropia sp. and early successional Hedyosmum sp. and 106 

Moraceae (Fig. 2). HUI-3 (1718-1819) sees increases in forest pollen from characteristic cloud 107 

forest taxa (Melastomataceae, Weinmannia sp., Fabaceae and Solanaceae) 29. This is followed by 108 

HUI-4 (post-1819) where pollen indicative of open conditions return during the period of 109 

Ecuadorian independence. Here forest pollen declines in association with increasing 110 

coprophilous fungal spores (Sporormiella and Podospora) characterising the early stages of 111 

modern population expansion, deforestation and cattle farming that occurred in the region during 112 

the late 19th century. 113 

Detrended correspondence analysis (DCA) of pollen (Fig.3a) and fungal NPP (Fig.3b) 114 

data from Huila, the modern samples and the pre-human arrival sediments is used to characterise 115 
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the relationship between the vegetation assemblages through time. This ordination technique 116 

identifies the similarity between individual samples based on composition. Pollen data from the 117 

pre-human arrival samples (Vinillos) is most similar to that of the montane cloud forest that 118 

occurred at Huila between 1718-1819 (HUI-3) both characterised by the pollen of 119 

Melastomataceae and Weinmannia sp. The signal from the modern mosaic landscape (HUI-4 and 120 

modern samples) is most similar to that of the period following indigenous depopulation (HUI-2; 121 

1588-1718) both characterised by the pollen of Poaceae, Moraceae and Hedyosmum sp. While 122 

the pollen from the pre-European contact cultivated landscape occurs in its own distinct cluster 123 

(Fig.3a). Fungal NPP data shows that along DCA axis-1 assemblage’s from all post-European 124 

contact settings, i.e. modern samples, HUI-2, HUI-3 and HUI-4, are all more similar to that of 125 

the intact pre-human arrival forest seen at Vinillos, than to the pre-European cultivated landscape 126 

seen in HUI-1 (prior to 1588) (Fig.3b). Both pollen and fungal NPP data therefore reveal that the 127 

indigenous peoples transformed the landscape into a novel vegetation assemblage prior to the 128 

arrival of Europeans, one more different from the pre-human arrival forest at Vinillos than that of 129 

the modern mosaic landscape seen today. 130 

 131 

Discussion 132 

Zea mays is known to have been cultivated in the adjacent Amazonian lowlands from c. 133 

6000 years ago 30 and has been found at the Huila site for at least the last 1000 years 134 

(Supplementary Figure 4), consistent with the earliest reliable pottery dates from Baeza c.1045 135 

16. Macro-charcoal particles and the presence of the charcoal-loving fungal spore Neurospora 136 

prior to 1588 indicates local burning occurred in an environment where intact montane cloud 137 

forest rarely burns naturally 31. Evidence of cultivation and the presence of pottery sherds at 138 
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Huila suggests that humans were present and likely the primary source of ignition of local fires. 139 

The prevailing wind direction moving up the Andean flank from the indigenous settlement of 140 

Hatunquijos (< 10 km east of Huila) is the likely source of micro-charcoal within the wider 141 

Quijos Valley (Fig.1). The high proportion of pollen indicative of open conditions, maize, the 142 

fungal spore HdV.201, in conjunction with abundant charcoal indicates that the landscape around 143 

Huila was an open environment, cultivated and managed by an indigenous population for at least 144 

500 years prior to the arrival of the first Europeans. 145 

An abrupt change in the palaeoecological proxies at the transition from HUI-1 to HUI-2 146 

(c.1588) occurs shortly after the height of indigenous uprising against Spanish rule (1560-1578) 147 

13. A massive intensification in local burning around Huila is revealed by increased macro-148 

charcoal fragments (up by two orders of magnitude). This spike in charcoal is coincident with 149 

historical records of open warfare in which Baeza was attacked and the settlements of Archidona 150 

and Avila destroyed 14 (Fig.1). The disappearance of pollen from cultivated species, coinciding 151 

with a sharp rise in grasses, pioneer species (Cecropia sp.) and aquatic elements signifies the 152 

abandonment of intensively cultivated fields around Huila shortly after the largest uprising in 153 

1578. The palaeoecological signatures of conflict and abandonment found at Huila suggest that 154 

warfare in this period was widespread across the landscape impacting indigenous peoples places 155 

of food production as well as centres of population (Baeza, Archidona and Avila; Supplementary 156 

Figure 1).  157 

The transition from an open managed landscape to that of a secondary forest colonized by 158 

pioneer species occurs soon after the height of regional conflict. A rapid increase in grass pollen 159 

(623% of the pollen sum) and the presence of disturbance indicators such as Cecropia sp. 160 

characterise early secondary succession. An increasing percentage of forest pollen taxa through 161 
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HUI-2 to the more established montane cloud forest environment of HUI-3 occurs over 162 

approximately 130 years, during a period where little evidence of human impact is observed in 163 

the Huila record or recorded historically 14. The proximity of the samples from the period of 164 

montane cloud forest recovery (HUI-3) to those of pre-human arrival in the DCA (Fig.3a) 165 

demonstrate forest recovery dynamics of a human impacted site converge with that of an intact 166 

Andean montane forest, supporting an equilibrium model of tropical forest recovery 32. 167 

Transformation from an intensely managed cultivated landscape (HUI-1) to that of a montane 168 

cloud forest (HUI-3) therefore alludes to the ability of an Andean montane cloud forest to 169 

recover to a structurally intact state over a period of c. 130 years (1588-1718).  170 

Written accounts of the Quijos Valley from 1857 21 and 1867 22 describe “a dense forest, 171 

impenetrable save by trails” in a region that “has remained unpeopled by the human race”. 172 

However, evidence of renewed human impact on the vegetation is already seen to occur by c. 173 

1820 (HUI-4). An increasing proportion of openness indicators and the first occurrence of 174 

coprophilous fungal spores signify a more open landscape grazed by herbivores, indicating that 175 

even the impact of low human populations drive changes in cloud forest vegetation composition 176 

and structure. The apparent wilderness described during the 19th century represented a shifted 177 

ecological baseline 33, one structurally and compositionally distinct from the mature montane 178 

cloud forest present between 1718-1819 (HUI-3), itself having undergone 130 years of 179 

vegetation recovery following the more than 500 years of intensive land management and 180 

cultivation prior to European contact. Reforestation of the Quijos Valley after 1588 corresponds 181 

to indigenous depopulation following the arrival of Europeans in 1492. Despite likely landscape-182 

scale variations 9,34 our findings indicate that for some areas the intensity of pre-European 183 

indigenous people’s impact on tropical ecosystems may be severely underestimated. 184 
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 185 

Methods  186 

Sampling of Lake Huila was undertaken using a modified Livingstone corer 24 from a floating 187 

platform located in the centre of the lake. Parallel offset cores were recovered to a total depth of 188 

209 cm. Modern surface sediments (soil and moss) were collected and stored in double zip-lock 189 

bags. Details of the pre-human Vinillos section can be found in reference 28. All materials were 190 

stored at 3-6 °C until required. Pollen, non-pollen palynomorphs (NPPs) and micro-charcoal was 191 

processed from 26 samples in the Huila record using standard palynological protocols 25, 192 

including the addition of Lycopodium as an exotic marker (University of Lund batch #124961, 193 

12,542 ± 931 spores per tablet). Palynomorph residues for radiocarbon dating were processed in 194 

the same manner, excluding acetolysis and the marker. Macro-charcoal was processed using 195 

standard protocols 26. Pollen was counted at 400× and 1000× magnification to a minimum of 300 196 

terrestrial pollen grains per sample. Grass pollen was excluded from the pollen sum due to its 197 

dominance in several samples and an inability to accurately separate aquatic and terrestrial taxa. 198 

Fungal NPPs and aquatic remains were counted in conjunction with the pollen. Micro-charcoal 199 

was recorded using 50 random slide views at 200× magnification along with Lycopodium, 200 

estimates of microcharcoal were made based on Lycopodium added per cm³ of sediment. A 201 

chronology of the Huila core was established based on eleven accelerator mass spectrometry 202 

radiocarbon dates using the Bayesian statistical package Bacon 35 in “R” 36 (Supporting 203 

Information). Statistically significant palynomorph zones in Fig. 2 were established using 204 

optimal splitting by information content, and the broken stick method in the program 205 

PSIMPOLL 37. Detrended correspondence analysis, using the statistical package Vegan 38 in “R” 206 
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36 was used to explore the variance in the pollen and fungal NPP data. Counts were normalized 207 

using a square root transformation. 208 

 209 

Data Availability 210 

The datasets generated during the current study are available from the corresponding author and 211 

the Natural Environment Research Council (NERC) Environmental Information Data Centre.  212 

 213 

References:  214 

1. Dobyns, H. F. An appraisal of techniques with a new hemispheric estimate. Curr. 215 

Anthropol. 7, 395–416 (1966). 216 

2. Mann, C. C. 1493: How the ecological collision of Europe and the Americas gave rise to 217 

the modern world. (Granta, 2011). 218 

3. Crosby, A. W. Ecological imperialism: The biological expansion of Europe, 900-1900. 219 

(Cambridge University Press, 2004). 220 

4. Levis, C. et al. Persistent effects of pre-Columbian plant domestication on Amazonian 221 

forest composition. Science. 355, 925–931 (2017). 222 

5. McMichael, C. H., Feeley, K. J., Dick, C. W., Piperno, D. R. & Bush, M. B. Comment on 223 

‘Persistent effects of pre-Columbian plant domestication on Amazonian forest 224 

composition’. Science. 358, (2017). 225 

6. Watling, J. et al. Impact of pre-Columbian ‘geoglyph’ builders on Amazonian forests. 226 

Proc. Natl. Acad. Sci. 114, 1868–1873 (2017). 227 

7. Piperno, D. R., McMichael, C. & Bush, M. B. Further evidence for localized, short-term 228 

anthropogenic forest alterations across pre-Columbian Amazonia. Proc. Natl. Acad. Sci. 229 



10 
 

U. S. A. 114, E4118–E4119 (2017). 230 

8. McMichael, C. H. et al. Sparse pre-Columbian human habitation in western Amazonia. 231 

Science. 336, 1429–1431 (2012). 232 

9. Turner, B. L. & Butzer, K. W. The Columbian Encounter and Land-Use Change. Environ. 233 

Sci. Policy Sustain. Dev. 34, 16–44 (1992). 234 

10. Clement, C. R. et al. The domestication of Amazonia before European conquest. Proc. R. 235 

Soc. B Biol. Sci. 282, 1–9 (2015). 236 

11. Heckenberger, M. J. et al. Amazonia 1492: Pristine forest or cultural parkland? Science. 237 

301, 1710–1714 (2003). 238 

12. Myers, N., Mittermeier, R. A., Mittermeier, C. G., da Fonseca, G. A. B. & Kent, J. 239 

Biodiversity hotspots for conservation priorities. Nature 403, 853–858 (2000). 240 

13. Uzendoski, M. The horizontal archipelago: The Quijos / Upper Napo regional system. 241 

Ethnohistory 51, 317–357 (2004). 242 

14. Newson, L. A. Life and death in early colonial Ecuador. (University of Oklahoma Press, 243 

1995). 244 

15. Sarmiento, F. O. The Quijos River Valley: A protected landscape as best management 245 

practice for conservation and development in tropandean Ecuador. George Wright Forum 246 

14, 59–66 (1997). 247 

16. Cuéllar, A. M. The Quijos chiefdoms: Social change and agriculture in the eastern Andes 248 

of Ecuador. Memoirs in Latin American Archaeology (University of Pittsburgh, 2009). 249 

17. Porras, P. I. Fase Cosanga. (Centro de Publicaciones de la Pontificia Universidad Católica 250 

del Ecuador, 1975). 251 

18. Medina, J. T. The discovery of the Amazon: According to the account of Friar Gaspar de 252 



11 
 

Carvajal and other documents. (The American Geographical Society, 1934). 253 

19. Convey, R. A. in Handbook of South American Archaeology (eds. Silverman, H. & Isbell, 254 

W.) 809–830 (Springer, 2008). 255 

20. Las Casas, B. de. Brevísima relación de la destrucción de las Indias. (1552). 256 

21. Jameson, W. Excursion made from Quito to the River Napo, January to May, 1857. J. R. 257 

Geogr. Soc. London 28, 337–349 (1858). 258 

22. Orton, J. The Andes and the Amazon; or, across the continent of South America. (Harper, 259 

1875). 260 

23. Hall, M. L. et al. Antisana volcano: A representative andesitic volcano of the eastern 261 

cordillera of Ecuador: Petrography, chemistry, tephra and glacial stratigraphy. J. South 262 

Am. Earth Sci. 73, 50–64 (2017). 263 

24. Colinvaux, P. A., de Oliveira, P. E. & Patiño, J. E. M. Amazon pollen manual and atlas. 264 

(Harwood Academic Publishers, 1999). 265 

25. Faegri, K. & Iversen, J. Textbook of pollen analysis. (Blackburn Press, 1989). 266 

26. Whitlock, C. & Larsen, C. in Tracking environmental change using lake sediment. Vol. 3: 267 

terrestrial, algal, and siliceous indicators (eds. Smol, J. P., Birks, H. J. B. & Last, W. M.) 268 

75–97 (Kluwer Academic Publishers, 2001). 269 

27. van Geel, B. in Tracking environmental change using lake sediment. Vol. 3: terrestrial, 270 

algal, and siliceous indicators (eds. Smol, J. P., Birks, H. J. B. & Last, W. M.) 99–120 271 

(Kluwer Academic Publishers, 2001). 272 

28. Loughlin, N. J. D. et al. Landscape-scale drivers of glacial ecosystem change in the 273 

montane forests of the eastern Andean flank, Ecuador. Palaeogeogr. Palaeoclimatol. 274 

Palaeoecol. 489, 198–208 (2018). 275 



12 
 

29. Jørgensen, P. M. & León-Yánez, S. Catalogue of the vascular plants of Ecuador. 75, 276 

(Missouri Botanical Garden Press, 1999). 277 

30. Bush, M. B., Piperno  R., D. & Colinvaux, P. A. A 6,000 year history of Amazonian 278 

maize cultivation. Nature 340, 303–305 (1989). 279 

31. Bush, M. B., Silman, M. R., McMichael, C. & Saatchi, S. Fire, climate change and 280 

biodiversity in Amazonia: A late-Holocene perspective. Philos. Trans. R. Soc. B Biol. Sci. 281 

363, 1795–1802 (2008). 282 

32. Norden, N., Chazdon, R. L., Chao, A., Jiang, Y.-H. & Vílchez-Alvarado, B. Resilience of 283 

tropical rain forests: Tree community reassembly in secondary forests. Ecol. Lett. 12, 385–284 

394 (2009). 285 

33. Pauly, D. Anecdotes and the shifting baseline syndrome of fisheries. Trends Ecol. Evol. 286 

10, 430 (1995). 287 

34. Bush, M. B. et al. Holocene fire and occupation in Amazonia: records from two lake 288 

districts. Philos. Trans. R. Soc. B Biol. Sci. 362, 209–218 (2007). 289 

35. Blaauw, M. & Christen, A. J. Flexible paleoclimate age-depth models using 290 

autoregressive gamma process. Bayesian Anal. 6, 457–474 (2011). 291 

36. R Core Team. R: A language and environment for statistical computing. (R Foundation 292 

for Statistical Computing, 2015). 293 

37. Bennett, K. Psimpoll and pscomb: www.chrono.qub.ac.uk/psimpoll/psimpoll.html. 294 

(2008). 295 

38. Oksanen, J. et al. Vegan: Community ecology package, version 2.3–5. URL http//CRAN. 296 

R-project. org (2016). 297 

 298 



13 
 

 299 

 300 

Supplementary Information: 301 

Supplementary information is available in the online version of the paper.  302 

 303 

Acknowledgements: 304 

This work was supported by the Natural Environment Research Council (NERC) and The Open 305 

University through a scholarship to NJDL (NE/L501888/1), and a NERC fellowship to EM 306 

(NE/J018562/1). Funding for preliminary radiocarbon dating was awarded by NERC 307 

(1881.0415). Permits for fieldwork in Ecuador were provided by the Ministry of Environment, 308 

Ecuador (14-2012-IC-FLO-DPAP-MA). XRF analysis was undertaken by the late John Watson 309 

(The Open University). This work was improved by the comments of Angela Coe (The Open 310 

University), Crystal McMichael (University of Amsterdam), James Symonds (University of 311 

Amsterdam) and Mark Bush (Florida Institute of Technology). 312 

 313 

Author Contributions: 314 

NJDL, EM and WDG determined the research objectives. PM located the sample site and 315 

secured permissions. Lake sampling was undertaken by NJDL, EM and WDG. Sediment 316 

processing, data collection and analysis was performed by NJDL. The manuscript was written by 317 

NJDL, EM and WDG with input from PM. All authors have read and approved the manuscript 318 

for submission. 319 

 320 



14 
 

Author Information: 321 

Reprints and permissions information is available at www.nature.com/reprints. The authors 322 

declare no competing financial interests. Correspondence and requests for materials should be 323 

addressed to nicholas.loughlin@open.ac.uk.  324 

 325 



15 
 

Figure captions: 326 

Fig.1. Region of the Andean-Amazonian corridor inhabited by the indigenous Quijos peoples. 327 

The dashed line represents the boundary between the Inkan Empire and the peoples of the Quijos 328 

region. Black circles indicate present and past population centres. Red stars indicate the location 329 

of the principle study site (Huila) and the nearby pre-human arrival site (Vinillos); the location of 330 

all modern surface samples are shown in Supplementary Figure 1. Black square represent the 331 

peak of the nearby Antisana volcano. Inset panel shows Ecuador with elevations corresponding 332 

to montane forest (1,300-3,600 m asl) shaded in green. Altitudinal classification of montane 333 

forest vegetation zones, including cloud forest, is shown in Supplementary Figure 1. 334 

 335 

Fig.2. Summary palaeoecological proxy diagram from Lake Huila plotted against age. Sediment 336 

age was derived using radiocarbon dating (Supplementary Figure 3). Silhouettes represent, from 337 

left to right, the period of cultivation by indigenous peoples (pre-1588), the principal indigenous 338 

uprising represented by a monument in the town of Tena to the ‘Great Cacique Jumandi’ (1578), 339 

19th Century descriptions of the region (1857) and the beginning of cattle farming (c.1950). 340 

Pollen percentages are calculated relative to all terrestrial taxa excluding Poaceae (the pollen 341 

sum). Aquatic elements, fungal NPPs and Poaceae are calculated as percentages of the pollen 342 

sum.  343 

 344 

Fig.3. Detrended correspondence analysis of (A) pollen and (B) fungal NPP data. Blue through 345 

green colour ramp correspond to the pollen zones at Huila (Fig.2). Grey circles are pre-human 346 

samples and grey crosses modern surface samples. 347 

 348 
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