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ABSTRACTABSTRACTABSTRACTABSTRACT        

We have reconstructed the altitudinal position of the upper forest line (UFL) during the 

last 6000 years. This boundary between montane forest and páramo (tropical alpine 

grasslands) has important ecological and societal relevance. It is suggested that human-

induced fires and deforestation during the long occupation history of the Central Valley 

of Ecuador have caused a downslope shift of the UFL and have given way to a downslope 

expansion of páramo vegetation. More recently, montane forests and lower páramo have 

been replaced to a large extent by agricultural land. Pollen analysis of 90 cm long 

sediment core G15-II from a small mire at 3400 m elevation, 200 m below the actual UFL 

in Guandera Biological Reserve (0°36´N, 77°42´E), shows the altitudinal position of the 

UFL during seven discrete  intervals: (1) from 7150 to 6240 cal. yr BP the UFL was at c. 

3100-3200 m and climatic conditions were cool; (2) from 6240 to 5320 cal. yr BP the UFL 

shifted to c. 3600 m and upper montane rainforest (UMRF) surrounded the mire; (3) from 

5320 to 2160 cal. yr BP the UFL was at 3600-3650 m elevation and montane forest 

consisted mainly of Hedyosmum, Weinmannia, Melastomataceae, Ilex, Scrophulariaceae 

and Symplocos; (4) from 2160 to 910 cal. yr BP the UFL shifted donwslope to 3350 m and 

the mire was located in the lowermost páramo; (5) from 910 to 520 cal. yr BP cooler 

climatic conditions prevailed and the UFL was at 3250-3300 m; (6) since c. 520 cal. yr BP 

the UFL shifted upslope to 3600 m. During this period presence of agricultural weeds 

(Rumex) and evidence of draining and disturbance of the mire indicate agricultural 

activities expanded and almost reached the reserve area; (7) during the last 150 cal. yr 

disturbance increased. We conclude that during the last 6000 years the UFL reached a 

maximum altitude of 3650 to 3700 m, indicating that páramo grasslands above this 

elevation represent a natural ecosystem. Under the Kyoto Protocol-driven reforestation 

activities, trees should be planted up to maximum 3700 m. Planting trees (exotic species 

in particular) above 3700 m would contribute to the degradation of a natural ecosystem. 

Key words:Key words:Key words:Key words: Pollen analysis, environmental change, upper forest line, páramo expansion, 

natural grassland, reforestation, Holocene, Ecuador. 
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IntroductionIntroductionIntroductionIntroduction    

Tropical montane forest throughout the Andes is amongst the most poorly known and 

most threatened of all tropical forest vegetations (Gentry, 1995). While in Colombia 

estimates of the remaining primary montane rain forests range from 27% (Cavelier and 

Etter, 1995) to less than 10% (Henderson et al. 1991), in Ecuador the process of 

deforestation has had even more severe consequences. Official sources report that only 

7% of the original montane forest remains in Ecuador (CENDES and CORMADERA, 1991). 

Other studies on deforestation in Ecuador calculate that only 4% of the forests on the 

western Andean slope remain and almost nothing is left of natural forests of the Central 

Valley because of the long occupation history and increasing human impact during last 

decades in particular (Dodson and Gentry, 1991). While many of the remaining areas of 

Ecuadorian montane forest are found in protected areas, such as Sangay National Park 

and Cayambe-Coca Ecological Reserve (Mena, 1995), numerous areas of montane forest 

also occur outside of protected areas, for example in the El Angel Ecological Reserve and 

Guandera Biological Reserve. 

Although floristic studies on neotropical montane forests have centred on the northern 

Andes (Cuatrecasas, 1958; Gentry 1982a,b, 1986b; Sugden, 1982a,b; Rangel-Ch. and 

Jaramillo, 1984; Cleef et al. 1984; Huber, 1986; Henderson et al. 1991; Cortés-Sánchez, 

2008), studies of the vegetation composition of Andean forests in Ecuador are few (Grubb 

et al. 1963; Grubb and Whitmore, 1966, 1967; Madsen and Øllgaard, 1994; Jørgensen, 

1991; Valencia and Jørgensen, 1992). For the specific area of El Carchi Province, where El 

Angel Ecological Reserve and Guandera Biological Reserve are located, descriptions of the 

forest (Moscol Olivera and Cleef, 2009a) and the vegetation of the tropical alpine 

grasslands (also known as ‘páramo’) (Moscol Olivera and Cleef, 2009b) have been recently 

carried out. Their analysis of the altitudinal distribution and floristic composition of the 

uppermost forests and adjacent tropical alpine páramo vegetation have been conducted 

as part of a broader project with focus on reconstruction of the dynamic history of the 

forest-páramo transition  during the last millennia in northern Ecuador.  

In order to protect the high Andean páramo ecosystem from being replaced by newly 

planted forests, we need to determine the position of the 'natural' upper forest line. We 

define the upper forest line (UFL) as the maximum elevation where continuous forest 

occurs. Up to elevations of several hundred meters above the UFL narrow bands of ‘gallery 

forest’ may occur along water courses and also small protected valleys give rise to 

isolated patches of forest, forming a mosaic with grass-dominated páramo vegetation 

(Cleef, 1981). The maximum elevation at which individual trees and small patches of 

forest occur is defined as the ‘upper tree line’. We reject the term ‘upper timber line’ in 

palaeoecological studies as is too much inspired by commercial logging and does not 

differentiate between important physiognomic marker altitudes in the landscape.  
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The Andes of Ecuador has been inhabited for over 2000 years (eg, Bellwood, 2005). During 

the last 500 years or so in particular, the density of human populations has increased and 

much montane forest was cleared. The páramo vegetation is thought to have expanded 

downslope, while extensive burning and grazing prevented forest recovery. During the 

last century an increasing amount of the open vegetation was changed into agricultural 

land. During reconnaissance in the field, we observed reforestation at altitudes where, 

most probably, páramo vegetation is growing in undisturbed conditions and where it is 

the natural vegetation. Such activities are reprehensible, because as a direct result, plant 

diversity and soils in the páramo lose much of their quality (Hofstede et al., 2002a). In the 

literature there is currently debate about how far the UFL moved downslope as a result of 

human activity and what the natural position of the UFL was.  There are two contrasting 

hypotheses about the natural position of the UFL: a natural UFL position at c. 4100 m 

(Lægaard et al. 1992) versus a low natural UFL position at. c. 3600 m (Wille et al., 2002).  

Sediment cores from peat bogs preserve pollen grains and similar studies have been 

carried out north of the study area, in the Colombian Andes (eg, Marchant et al., 2001). In 

northern Ecuador the position of the natural UFL was first addressed by a palynological 

study of a peat core from Pantano de Pecho at 3870 m (Wille et al., 2002) (Fig. 1). It was 

concluded that during the past six centuries the UFL shifted between 3400 and 3650 m 

altitude. For the first time data are available from a pollen record of the modern 

altitudinal vegetation composition and past vegetation changes of the same area, allowing 

us to further elaborate on the signature and altitudinal position of the UFL. We provide a 

reconstruction of vegetation change in Guandera Biological Reserve during the middle and 

late Holocene based on fossil pollen, non-pollen palynomorphs and plant macrofossils. 

Our coring site lies 200 m below the present-day (natural or anthropogenically induced) 

UFL. Weng et al. (2004b) studied the pollen-altitude relationship in a forest transect using 

correspondence analysis regression and showed the sensitivity and reliability of pollen as 

a proxy to infer palaeo-altitudes. Such studies are not available from northern Ecuador 

and we use the relationship between arboreal pollen percentages and the altitudinal 

distance to the UFL as developed for pollen records in the neighbouring Colombian Andes 

(Van der Hammen and González, 1960; Van der Hammen, 1974; Hooghiemstra, 1984; Van 

‘t Veer and Hooghiemstra, 2000). Studies at relatively close distance showing changing 

pollen spectra from lower elevations are those of Wille et al. (2000; site Timbío at 1750 m 

altitude) and Wille et al. (2001; site Piagua at 1700 m altitude).  Marchant et al. (2002) 

compiled ecological ranges of all pollen taxa and we also use this information to infer the 

altitudinal position of the UFL in relation to the studied site. Conclusions of the present 

study are important for palaeoecological reconstructions in the northern Andes as the 

altitudinal position of the natural UFL is a benchmark for palaeotemperature estimates 

and is used by local decision-makers during the preparation of reforestation projects. 
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ENVIRONMENTAL SETTINGENVIRONMENTAL SETTINGENVIRONMENTAL SETTINGENVIRONMENTAL SETTING        

Geographical setting and climateGeographical setting and climateGeographical setting and climateGeographical setting and climate    

The study area is located on the inner flanks of the Eastern Cordillera in the Guandera 

Biological Reserve in northernmost Ecuador, at some 11 km from the town of San Gabriel 

(Fig. 1). The coring site (G15) is located at an altitude of 3400 m, within a Clusia-

dominated forest. The site is 200 m below the present-day UFL and some 100 m above the 

biological station (located at 0°36´N and 77°42´E), along the path leading toward the 

village of Mariscal Sucre. The site reflects a small peat bog of some 30 m in diameter, 

located in the uppermost montane forest (Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

Fig 1. Fig 1. Fig 1. Fig 1. Map showing the location of Guandera Biological Reserve in Carchi Province near the 
Ecuadorian-Colombian border. Relevant pollen sites mentioned in the text are shown by 
solid circles: 1, Guandera 3400 m; this study; 2, Mullumica (3800 m; Van der Hammen et 
al., 2003); 3, Pantano de Pecho (3870 m; Wille et al., 2002); 4, Laguna Chorreras (3700 m; 
Hansen et al., 2003);  5, Rio Timbío (1750 m; Wille et al., 2000); 6, Genagra (1750 m; 
Behling et al., 1998); 7, Pitalito (1300 m; Bakker, 1990); 8, Llano Grande II (Velásquez, 
2005). 
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Fig.Fig.Fig.Fig.    2222. Photograph showing the mire at 3400 m elevation from which cores G15-I and 
G15-2 were extracted. Numbers refer to plant taxa that play a major role in the 
regional and local vegetation: 1, Blechnum schomburgkii; 2, Hypericum cf. ruscoides; 
3, Diplostephium cf. floribundum; 4, Macleania rupestris; 5, Sphagnum spp.; 6, 
Cortaderia sp.; 7, Miconia chlorocarpa. The fibreglass probe is shown at the left. 
 

A humid tropical alpine climate prevails with an annual precipitation of c. 1700 mm. 

Strong diurnal temperature fluctuations range from 4° to 15°C but annual temperature 

fluctuations are low (monthly means of maximum temperature vary between 12° and 15 

°C) (Luteyn, 1999; Bader et al., 2007; Di Pasquale et al., 2008). Annual variations in 

temperature and precipitation are mainly forced by the annual migration of the 

Intertropical Convergence Zone (ITCZ).  

PresentPresentPresentPresent----day vegetation day vegetation day vegetation day vegetation     

Guandera Biological Reserve includes about 10 km2 of relatively undisturbed páramo 

grass- and shrubland. The altitudinal vegetation zonation in the area (Fig. 3) shows a 

narrow belt with subalpine rain forest (SARF) of low stature at the forest-páramo 

transition, in which species of Asteraceae, Ericaceae and Hypericum are dominant (Moscol 

Olivera and Cleef, 2009a).  Downslope, SARF is transitional to a broad belt with upper 

montane rain forest (UMRF) including Clusia flaviflora-dominated forest at some 100 m 

below the present-day UFL (Moscol Olivera and Cleef, 2009b). Around an altitude of 3550 

m isolated patches of páramo vegetation within the zone of continuous forest. 
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FFFFig. 3. ig. 3. ig. 3. ig. 3. Schematic altitudinal distribution of the present-day vegetation in the area of Guandera 
Biological Reserve. The two columns at the right show schematically the altitudinal 
vegetation distribution with an upper forest line at 3700 m and at 4000-4100 m, 
respectively. 

Across the UFL the vegetation changes significantly within a vertical interval of some 100 

m, consequently pollen is a sufficiently sensitive tool to infer past migrations of the UFL. 

This claim is substantiated by a case study from Weng et al. (2004b) in southern Peru. 

Characteristic shrub-dominated subpáramo vegetation, which in the northernmost Andes 

forms the transition between UMRF and páramo is not present in our study area, probably 

because of human disturbance such as periodical burning and collection of firewood (Van 

der Hammen et al., 2002). The most frequent arboreal taxa in the UMRF are Clusia 

flaviflora, Ilex colombiana, Weinmannia cochensis, Miconia tinifolia, and Guzmanictum 

bakeri. The most common shrub taxa found in these forests are Miconia chlorocarpa, 

Desfontainia spinosa and some ericaceous species. The páramo vegetation is mainly 

dominated by tussock grasses of Calamagrostis sp., stem rosette plants of Espeletia 

pycnophylla, the bromeliad species Puya hamata and small shrubs such as Hypericum 

laricifolium and Brachyotum lindenii. Based on the analysis of the changing vegetation 

composition along an altitudinal transect across the UFL (Moscol Olivera and Cleef, 

2009a,b) altitudinal ranges of the most important taxa present in the fossil record are 

summarised in Table 1.  
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Outside Guandera Biological Reserve nearly all land at lower elevations is used for crop 

cultivation (mainly potatoes) and cattle grazing. Remnants of forest are mostly located 

between 3300 and 3650 m, with some isolated patches of forest occurring up to 3700 m. 

    

METHODSMETHODSMETHODSMETHODS    

Fieldwork Fieldwork Fieldwork Fieldwork     

The thickness of the accumulated sediments in the basin was determined with a hand-

operated fibreglass probe of 1 cm diameter (shown in Fig. 2). At the deepest part of the 

basin two sediment cores of 100 cm (site G15-I) and 90 cm long (site G15-II) were 

collected at a distance of 20 cm. Sediment columns of 5 cm diameter and 50 cm length 

were collected with a Russian Corer. Cores were wrapped in plastic foil and protected by 

PVC guttering during transport to Amsterdam. In the laboratory cores were stored in a 

dark room at 4°C. 

ChronologyChronologyChronologyChronology    

Sediments did not provide datable macrofossils. We used accelerator mass spectrometry 

radiocarbon dated (14C AMS) bulk samples to construct the age model. Four samples from 

core G15-II were dated at the Center for Isotope Research (CIO) in Groningen. An 

additional five samples were selected to examine ages at lithological changes in the 

sediment column and dated at the Leibnitz Radiocarbon Laboratory in Kiel for 

organizational reasons. The resulting radiocarbon dates were calibrated using WinCal25 v 

1.2 software (Van der Plicht, 2005) using the recommended IntCal04 calibration data set 

(Reimer et al., 2004). Calibrated 14C ages (cal. yr BP) are expressed as the range of calendar 

years of the 1-sigma peak with the largest relative area under the probability distribution. 

Radiocarbon samples were taken from depths well distributed over the sediment core.  

Pollen analysisPollen analysisPollen analysisPollen analysis    

Samples of 1 cm3 were taken from core G15-II at 1-cm increments for pollen analysis. 

Sediment at 37 cm core depth was only used for radiocarbon dating.  Modern pollen rain 

was examined in two moss polster samples: one sample located in the mire at the drilling 

site and another sample collected in the forest at some 20 m distance from the coring 

site. All samples were processed using the standard pretreatment including sodium 

pyrophosphate, acetolysis, and heavy liquid (bromoform) separation (Fægri and Iversen, 

1989).  
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Altitude (m)

Caryophyllaceae <1

Poaceae <1-90

Apiaceae <1-5

Gentianaceae <1

Iridaceae <1-2

Lupinus

Plantago <1-10

Puya <1-40

Valeriana <1-5

Asteraceae <1-20

Ericaceae <1-20

Hypericum <1-20

Monnina <1-1

Rosaceae (other) <1-90

Weinmannia <1-130

Fabaceae (Otholobium) 1-6

Hedyosmum <1-60

Melastomataceae <1-45

Araliaceae <1-120

Boraginaceae <1-1

Clethra <1-75

Clusia <1-75

Euphorbiaceae <1-4

Hesperomeles <1-15

Ilex 4-60

Gaiadendron <1-10

Muehlenbeckia <1-8

Myrsine <1-25

Myrtaceae <1-20

Fuchsia <1

Rubiaceae <1

Scrophulariaceae <1-5

Solanaceae <1-8

Symplocos <1

Tristerix <1-2

Brunellia <1-8

Urticaceae <1

Rumex <1

Cyperaceae <1-60

observed altitudinal distribution altitudinal optimum cover

40003600 3700 3800 3900

Pollen taxa
3300 3400 3500

 

Table 1Table 1Table 1Table 1. . . . Estimated altitudinal range and altitudinal position of the optimum cover in the 
present-day vegetation of Guandera Reserve of selected taxa represented in the 
pollen spectra of core G15-II.  
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To calculate pollen concentration values, one tablet of exotic Lycopodium spores was 

added to each sample prior to processing. Pollen samples were mounted in glycerin 

gelatin and counted with a Zeiss microscope at 500x magnification. For identification, 

pollen morphological descriptions published by Hooghiemstra (1984), Bogotá et al. (1996) 

and the modern pollen reference collection at Amsterdam laboratory were used. The 

pollen morphological study of Beug (2004) was used to distinguish between pollen grains 

of Podocarpus and introduced Pinus species. A minimum of 400 pollen grains from 

terrestrial taxa was counted for all samples. Based on the discrete vegetation units that 

followed from the vegetation analysis (Moscol Olivera and Cleef, 2009a,b), and in 

agreement with the ecological groups identified in our previous study from a site near 

Quito (Wille et al., 2002) pollen types were assigned to the following ecological groups: (1) 

páramo; (2) Asteraceae (because of its abundance in the lower páramo vegetation as well 

as in the highest ranges of the montane forest asteraceous vegetation is not decisive in 

estimating the position of the UFL. Therefore Asteraceae are presented separately); (3) 

taxa of the SARF forming dwarf forest and shrub at the transition from forest to páramo; 

(4) taxa from the UMRF; (5) taxa from the lower montane rainforest (LMRF); (6) (potential) 

human impact indicators; (7) aquatics; (8) spores of ferns and mosses and (9) non-pollen 

palynomorphs. The organization of main vegetation units into altitudinal groups (Fig. 3, 

Table 1) is consistent with zonation for the tropical mountains proposed by Grubb (1974, 

1977). Non-pollen palynomorphs were identified using the morphological descriptions of 

Bakker and Van Smeerdijk (1982), Kuhry (1985, 1988), Pals et al. (1980), Van der Wiel 

(1983), Van Geel (1978, 2006), Van Geel et al. (1981, 1983, 2003) and Van Geel and 

Middeldorp (1988). Counting data is presented as a percentage of the pollen sum 

excluding aquatics, spores and non-pollen palynomorphs.  Taxa that are not part of the 

pollen sum may therefore attain values >100%.  

Estimations of the altitudinal position of the UFL are primarily based on the arboreal 

pollen percentage. As a rule of thumb the UFL is located at the level of the study site 

where the proportion of arboreal pollen reaches c. 40%, while every increment of 10% 

reflects a c. 200 m higher position of the UFL (Van der Hammen and González, 1960; 

Hooghiemstra, 1984: 67-75). Additional evidence comes from the proportions of ‘cold’ 

taxa characteristic of the upper páramo belt (Caryophyllaceae, Lycopodium with foveolate 

spores) and taxa characteristic of ‘warmer’ LMRF (Table 1; see also Cleef and 

Hooghiemstra, 1984, Mommersteeg, 1998 and Marchant et al., 2002). 

Macrofossil analysisMacrofossil analysisMacrofossil analysisMacrofossil analysis    

For macrofossil analysis 1 cm thick slices of sediment were taken  at 3 cm intervals from 

parallel core G15-I. Samples were gently boiled with 5% KOH for 10 minutes 

(deflocculation to dissolve humic and fulvic acids) and disaggregated and sieved using a 

160 mm sieve. Macrofossils retained on the sieve were transferred to a Petri dish and 

sufficient distilled water is added to float the remains, which were scanned using a low-

power (x 10-50) stereozoom Elvar microscope. The macrofossil diagram shows estimated 
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proportions rather than percentages for most items found during analysis. Only the 

amounts of sand and Sphagnum leaves are given as a visual estimate of the percentage of 

the Petri dish covered. 

Statistical analysisStatistical analysisStatistical analysisStatistical analysis    

Cluster analysis is based on all pollen taxa included in the pollen sum and was carried out 

using TILIA, TILIAGRAPH, CONISS and TG-view (Grimm, 1987, 1991). Pollen zones were 

established with CONISS cluster analysis, using the individual taxa of the regional 

vegetation as the main data for our analysis and cutting the dendrogram at the different 

split levels. The macrofossil record comes from samples collected in parallel core G15-I. 

In our record downcore changes in proportions of macrofossils give relatively little 

information; zones are based on visual inspection and show the main periods in the 

development of the local bog. 

    

RESULTSRESULTSRESULTSRESULTS    

Lithology of the sedimentsLithology of the sedimentsLithology of the sedimentsLithology of the sediments        

Visual inspection of the sediments of core G15-I showed the following sequence: 

0-27 cm  black clay with many rootlets and organic material  

27-80 cm brown to yellowish clay with a small fraction of fine sand  

80-100 cm black clay with some organic material and a fraction of fine sand 

Visual inspection of the sediments of core G15-II showed the following sequence: 

0-29 cm  black clay with many rootlets and organic material  

29-74 cm brown to yellowish clay with a small fraction of fine sand  

74-90 cm black clay with some organic material and a fraction of fine sand  

Chronology and zonationChronology and zonationChronology and zonationChronology and zonation    

Eight of the nine ages are in chronological sequence, however the age at 40 cm core depth 

shows a minimal inversion (Table 2, Fig. 4). Dating results show the pollen record reflects 

environmental change of the last 7000 years. When sediment accumulation rates are 

considered in the lithologically uniform unit between 74 and 29 cm, the ages of 1275±35 

14C yr BP at 50 cm and 955±20 14C yr BP at 40 cm core depth are unlikely. The age of 

1050±25 14C yr BP at 30 cm core depth suggests an average peat accumulation of c. 15 cm 

per 1000 years in this lithological unit. Therefore we reject the ages obtained at 50 and 40 

cm core depth. The lithological unit in the upper 29 cm of the core represents some 1000 

years. The age of ‘recent’ at 20 cm core depth is unlikely, as it suggests that the upper 20 

cm of peat represents very little time while the peat column from 30 to 20 cm would 

represent almost a millennium. This lithological unit includes abundant roots and the 
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Laboratory code Depth (cm)
14C yr BPa 13

δC (‰) Cal. yr BP

GrA-34945 10-11 -463 (105.9) -26,32 -55

KIA34333 20-21 -257 (103.2) -25,95 -4

KIA34334 30-31 1050 ± 25 -25,18 951

KIA34335 40-41 955 ± 20 -24,84 844

GrA-34947 50-51 1275 ± 35 -25,98 1246

KIA34336 60-61 3145 ± 25 -24,27 3373

GrA-34948 70-71 4045 ± 40 -25,77 4540

KIA34337 87-88 5935 ± 35 -24,68 6758

sample at 20 cm, although cleaned of roots, may still have been contaminated by younger 

organic material. Therefore the age of ‘recent’ at 20 cm core depth is a minimum age and 

not helpful to construct an age model; we have rejected this age. The age of ‘recent’ at 10 

cm core depth is plausible, as the upper part of the peat column consist of looser peaty 

material. But even the age at 10 cm core depth potentially may also be too young because 

of unidentified root remnants. We assume an almost linear depth versus age relationship 

in the peat column of the upper 29 cm. We reject the dating results at 50, 40 and 20 cm 

core depth because diffuse root fragments produced ages that were too recent. This 

resulted in unlikely peat accumulation rates (Edwards and Whittington, 2001). We have 

therefore constructed the age model of this core using the ages at 87 cm, 70 cm, 60 cm, 

30 cm and 10 cm core depth. The pollen concentration record shows a uniform trend of 

decreasing values, which reflects increasing sediment compression with increasing core 

depth: this observation supports our interpretation. 

 

Table 2Table 2Table 2Table 2.... List of AMS 14C ages from bulk peat samples from core G15-II (Guandera Biological 
Reserve, northern Ecuador). Calibrated ages are given as 1 sigma probability 
(program WinCal25). For samples with measured activities higher than the standard, 
the 14C ages expressed in BP show negative numbers. In these cases, we also show 
the activity ratio as a percentage. 

 

 

 

 

 

 

CONISS cluster analysis showed seven main pollen zones in the pollen percentage 

diagram. The most important taxa show the main components of the different vegetation 

types, temporal changes in the vegetation composition, indicate specific environmental 

conditions, and/or show evidence of human impact (Fig. 5). A full list of microfossils is 

shown in Appendix 1. Temporal changes in the proportions of higher rank vegetation 

units (Fig. 6) show climate change-driven vegetation change in the study area. Temporal 

changes in the macrofossil record obviously indicate four zones (Fig. 7), which reflect 

discrete stages in the development of the mire. Zones of the macrofossil record (Fig. 7) 

and the pollen record (Fig.s 5 and 6) show different periods of time indicating that the 

development of the mire has partly different drivers, as is the case for regional climate 

change. In the following section, only pollen taxa with a representation of > 2% are 

mentioned by name. Macrofossils are discussed later. 
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Fig.Fig.Fig.Fig.    4444....    Depth versus age graph of the radiocarbon ages of bulk samples of core Guandera 
G15-II. 

    

Description of the pollen record G15Description of the pollen record G15Description of the pollen record G15Description of the pollen record G15----I I I I     

Zone G1 (90-83 cm, seven samples)   

This interval is dominated by taxa from the páramo. Poaceae decrease from 67% at the 

bottom to 39% at the top of the interval. Asteraceae increases from 10 to 17%. The most 

important UMRF taxa are Weinmannia (2-22%), Hedyosmum (10-26%) and Melastomataceae 

(0-4%). Other relevant forest taxa are Lamiaceae (1-3%), Scrophulariaceae (0-3%) and 

Symplocos (0-3%). 

Zone G2 (83-76 cm, seven samples) 

Poaceae decreases and is between 18 and 25%. Asteraceae (10-25%) remains at the same 

level. Taxa from UMRF increase: Weinmannia (4-34%) and Hedyosmum (21-50%) are most 

important.  



Holocene environmental change at the UFL in northern Ecuador  

131 

Zone G3 (76-45 cm, 31 samples)  

Páramo taxa dominated by Poaceae (8-29%), maintains the same representation 

throughout this interval. Asteraceae (14-26%) also remains at the same level for most of 

this interval but increases slightly near the top to 26%. The contribution of taxa 

representing SARF, dominated by Ericaceae (0-4%), increases slightly. UMRF taxa remain 

most important and main taxa are Weinmannia (3-21%) and Hedyosmum (57% at the 

bottom to 26% at the top). Ilex (0-4%) increases slightly. Other relevant taxa are 

Melastomataceae (0-4%), Lamiaceae (1-4%) and Symplocos (1-4%). Fern spores (mainly 

psilate spores: 19-76%) increase. The number of different taxa increases in this zone from 

19 to 28. The pollen concentration record shows highest values in the record. 

Zone G4 (45-29 cm, 15 samples)  

Páramo taxa increase slightly: Apiaceae (0-3%) and Poaceae (20-30%). Values of Asteraceae 

(18-28%) remain unchanged. Values of UMRF, mainly represented by Weinmannia (5-14%), 

Hedyosmum (20-28%), Melastomataceae (2-8%), Symplocos (0-3%) and Lamiaceae (0-4%) 

continue to decrease. The median value of Psilate spores through the zone (31-114%) is 

similar to the previous zone. 

Zone G5 (29-21 cm, eight samples) 

This interval is characterised by a sharp increase in the representation of páramo taxa: 

Poaceae (31-47%) increase markedly while Apiaceae (2-4%) reach highest values of the 

record. Asteraceae (23-39%) remains similar to the previous zone. UMRF taxa decrease; the 

main representatives are Weinmannia (2-8%), Hedyosmum (8-37%), Melastomataceae (1-3%) 

and Scrophulariaceae (0-3%). The first Cyperaceae are recorded and increase from 0 to 8%. 

Psilate fern spores (13-34%) decrease. 

Zone G6 (21-5 cm, 16 samples) 

Páramo taxa show lower values than in the previous zone and are mainly represented by 

Poaceae (21 to 39%) and Apiaceae (1 to 4%). Asteraceae decreases to 29% at the top of this 

zone. Ericaceae (0-4%) shows higher values compared with the preceding interval. UMRF 

taxa increase again and the main taxa are Weinmannia (2-16%), Hedyosmum (11 to 20%), 

Melastomataceae (1-5%) and Myrtaceae (1-3%). Pollen grains of Rumex were found 

throughout the core, but their number increases in this zone to 4% for the first time. 

Values of Cyperaceae continue to increase. Monolete fern spores (37-143%) are abundant.  

The diversity in non-pollen palynomorphs increases from 12 different taxa in the previous 

zone to 26 at the beginning of this zone. 
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Zone G7 (5-0 cm, three samples) 

This interval is characterised by an increase of Poaceae (34-51%), while values of 

Asteraceae decrease from 29% to 12%. Values of Weinmannia decrease to 3-6%, 

Hedyosmum increases to 15-20% and Melastomataceae decrease to 1-3%. The record of 

Rumex continues with values of 1 to 4%. Values of Cyperaceae decrease from 8% at the 

bottom to close to 0% at the top of this interval.  

Modern pollen rain Modern pollen rain Modern pollen rain Modern pollen rain     

The sample from the peat bog near the coring site shows 65% Poaceae; the forest sample 

shows only 25%. Representation of Asteraceae is 10% in the forest sample and 8% in the 

bog sample, a value corresponding with that in the uppermost sample of the core. 

Ericaceae show 2% in the forest sample and 3% in the peat sample. These are similar 

values to those in the top of the core. Representation of taxa from SARF and UMRF is 

higher in the forest sample than in the bog sample, showing that arboreal pollen grains 

are not well distributed and percentages may include a signal from the dense forest 

around the site. Values of Hedyosmum (11% in the forest and 5% in the bog sample) are 

lower than in the top samples of the core (19%). Melastomataceae (16%) and Clethra (5%) 

show higher values in the forest sample than in the bog sample. Both pollen rain samples 

are characterised by a high representation of Rumex pollen: 20% in the forest and 21% in 

the bog sample. As the uppermost 3 cm of the sediments were difficult to collect, the 

observed discrepancy in values between pollen rain and core sediments suggest that 

Rumex became increasingly important in the regional vegetation during the most recent 

decades. Cyperaceae is not represented in the forest sample but is present (13%) in the 

bog sample, comparable with the average representation in uppermost zone of the pollen 

diagram. Cyperaceae apparently reflect local stands of vegetation on moist soil.  

Fern spores are abundant in the forest sample: 199% psilate spores and 95% verrucate 

spores. In the bog sample values are 10% and 6%, respectively. The difference suggests 

that fern spores are not well transported and reflect to a high degree the local cover of 

ferns on trees and in open patches in the forest. 

Types of non-pollen palynomorphs are similar in the forest and bog sample, but values 

differ between the sites. Type 31A has 29% in the bog sample and does not occur in the 

forest sample. Type 32 (Assulina muscorum) reaches 163% in the bog sample and 41% in 

the forest sample, while it is hardly encountered in the peat core. The representation of 

Type 30 (Helicoon pluriseptatum) is similar in the bog sample and forest samples (84% 

and 82%), both values being much higher than in the top of the core (2%). Type 4 

(Anthostomella fuegiana) reaches 6% in the bog sample and 2% in the forest sample. Type 

47 has 4% in the bog sample and 1% in the forest sample.  
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Description of the macrofossil recordDescription of the macrofossil recordDescription of the macrofossil recordDescription of the macrofossil record    

Zone GM1 (97-67 cm, eight samples) 

The sand content in this zone increases from 75% at the bottom to 95% at the top of the 

interval. Root fragments and small fragments of plant tissue identified as originating 

from the same type of unidentified roots are abundant. We refer to this material as ‘root 

fragments’ below. No other specific organic material is present in any of the samples of 

this zone. 

Zone GM2 (67-45 cm, seven samples)  

In this zone the proportion of sand decreases from 75% at the bottom to 30% at the top. 

The amount of root fragments gradually decreases. Fragments of various mosses 

(bryophytes), tissue fragments of Poaceae and Cyperaceae, seeds of various types of 

Cyperaceae and leaves of Sphagnum are present in this zone. The number of invertebrate 

remains increases slightly. 

Zone GM3 (45-15 cm, six samples) 

The content of sand decreases from 26% at the bottom to 1% at the top of the zone. 

Presence of charcoal (particles <1 mm) increases throughout this interval from 22 

particles per sample at the bottom to 55 at the top. At the top of the zone the number of 

(unidentified) invertebrate remains increases suddenly: from 2 at 25 cm to 134 at 17 cm 

core depth. The amount of root fragments also increases. 

Zone GM4 (15-1 cm, four samples) 

Sand is almost absent. Root fragments decrease in abundance and are almost absent near 

the top of this interval. There is an increase in a wide variety of organic material and 

specific macrofossils, such as seeds (Juncus, Carex and other Cyperaceae); sporangia; 

leaves of Ericaceae and Nertera. Sphagnum is more abundant near the top of the zone and 

this observation coincides with the layer of living Sphagnum plants on top of the core. 

Presence of charcoal is similar to the previous zone with a peak at 9 cm core depth. The 

abundance of invertebrate remains decreases from 152 at the bottom to 15 at the top of 

this interval. 

Reconstruction of vegetation and environmental changeReconstruction of vegetation and environmental changeReconstruction of vegetation and environmental changeReconstruction of vegetation and environmental change    

An environmental reconstruction is presented based on the results of the pollen and 

macrofossil analysis and changes in lithology. Assuming a linear accumulation rate 

between radiocarbon-dated levels is plausible, as radiocarbon-dated samples are very 

close to the main changes in the lithology. 



Holocene upper forest line dynamics in the Ecuadorian Andes  

 

 

138 

Period 1, Period 1, Period 1, Period 1, cccc. 7150 to. 7150 to. 7150 to. 7150 to    cccc. 6240 cal. yr BP (zones G1 and GM1). 6240 cal. yr BP (zones G1 and GM1). 6240 cal. yr BP (zones G1 and GM1). 6240 cal. yr BP (zones G1 and GM1)    

The presence of clay rich in organic material points to sediment accumulation in a 

depression in the landscape with a high production of biomass. The high proportion of 

root tissue in these sediments supports an abundant plant cover. The fine sand fraction 

may be supplied by surface running water during heavy rain. The sediments reflect a low-

energy depositional environment. Low amounts of Cyperaceae and the presence of some 

pollen grains of Myriophyllum (not shown in the diagram) may indicate presence of 

standing water. 

Over 50% representation of Poaceae indicates the site was located in the páramo. Other 

characteristic páramo taxa are few (Valeriana) and show low values, suggesting páramo 

vegetation was poor in species. Percentages of Asteraceae and SARF (Ericaceae and 

Hypericum) are relatively low suggesting shrub vegetation and dwarf forest was at a 

significant distance to the core site, possibly some 200 to 300 m below the bog. We 

estimate the UFL at 3100 to 3200 m elevation. At the end of this period a rapidly 

increasing proportion of Weinmannia and Hedyosmum in particular indicates that the UFL 

shifted upslope, while Hedyosmum and Weinmannia were abundant in the ecotone forest 

near the UFL. Both taxa suggest humid climatic conditions. The pollen spectra show the 

UMRF was almost as diverse in taxa as during the later part of the Holocene.  

Period 2, Period 2, Period 2, Period 2, cccc. 6240 to . 6240 to . 6240 to . 6240 to cccc. 5320 cal. yr BP (zones G2 and GM1). 5320 cal. yr BP (zones G2 and GM1). 5320 cal. yr BP (zones G2 and GM1). 5320 cal. yr BP (zones G2 and GM1)    

The composition of the sediments and the macrofossil record remain unchanged 

compared with the previous interval, indicating local conditions in the bog continued 

unchanged. When the UFL began to migrate upslope at the end of the previous period we 

observe in this period that the abundance of SARF, Asteraceae and Ericaceae in particular, 

did not reach high values when the UFL came closer to the study site. Apparently, in 

contrast to present-day conditions, SARF was not well developed at the forest-páramo 

transition. Important UMRF taxa were Hedyosmum and Weinmannia, and further 

Melastomataceae, Clethra, Ilex, Myrsinaceae, Scrophulariaceae and Symplocos. An arboreal 

pollen representation of 60-70% is similar to the values in the modern pollen rain of the 

forest site, suggesting the UFL migrated rapidly upslope. At the end of this period we 

estimate the position of the UFL at some 200 m above the bog, thus around 3600 m 

elevation. Valeriana and Apiaceae continued their presence in the pollen spectra 

suggesting small páramo islands may have occurred in the uppermost forest. The 

presence of the pioneer tree Alnus, forming swampy forest on wet soils along water 

currents, and abundant presence of Hedyosmum indicate that relatively wet climatic 

conditions continued. Furthermore, in the present, Alnus occurs in a similar 

environmental setting, being found up to an elevation of 3300 m along the stream located 

just below the Biological Station.  
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Period 3, Period 3, Period 3, Period 3, cccc. 5320 to . 5320 to . 5320 to . 5320 to cccc. 2160 cal. yr BP (zones G3, GM1 and GM2). 2160 cal. yr BP (zones G3, GM1 and GM2). 2160 cal. yr BP (zones G3, GM1 and GM2). 2160 cal. yr BP (zones G3, GM1 and GM2)    

At the start of this period, at 74 cm core depth the proportion of sand had increased to a 

maximum, possibly indicating an increase in erosion near the site. The amount of root 

fragments decreased, indicating a change to more mineral conditions in the basin. The 

sudden expansion of ferns may relate to more open patches in the forest. During the later 

part of this period the presence of plants of wet bog conditions, such as Plantago and 

Ranunculaceae, indicate that the basin became more humid, perhaps occasionally with 

stagnant water. Such a setting may explain the presence of seeds and tissues of 

Cyperaceae during this period. Presence of Sphagnum leaves also indicates that a mire 

was developing in the basin. 

An arboreal pollen representation of 50-70% is similar to the previous period and we infer 

that the altitudinal position of the UFL changed little. Important forest species were 

Hedyosmum, Weinmannia, Melastomataceae, Alnus, Clethra, Ilex, Scrophulariaceae and 

Symplocos. Symplocos reached a maximum expansion during this period. Such a 

combination of arboreal taxa is representative of the Clusia-dominated forest that occurs 

today around 3500 m. This corroborates the UFL was at some 300 m above the coring site 

at c. 3700 m altitude. Gradually decreasing arboreal percentages show that near the end 

of this period the UFL had lowered to around 3600 m elevation. At the beginning of this 

period Ilex rapidly increased in abundance and this may relate to its presence in marshes, 

on semi-inundated locations, and in humid UMRF and SARF (Valencia and Jørgensen, 

1992; see also Table 1). The abundant presence of Ilex and Hedyosmum further 

substantiates that climatic conditions remained wet throughout this period, even wetter 

than during the start of the record. Taxa of the SARF (Ericaceae, Hypericum) remain 

marginally represented. At the end of this period around 2160 cal. yr BP, Asteraceae 

became more abundant while Hedyosmum decreased, indicating that humidity and 

temperature decreased.  The relatively large proportion of ferns in the vegetation, 

possibly Diplazium which produces spores abundantly, developed near the site and is 

evidence a more open type of forest. During this period pollen concentration values are 

lower, as during periods 1 and 2, which may reflect a faster sediment accumulation. 

However,  located inside the forest the bog was also partly protected from pollen supply 

compared with a location in the páramo, explaining decreasing pollen concentration 

values. 

Period 4, Period 4, Period 4, Period 4, cccc. 2160 to . 2160 to . 2160 to . 2160 to cccc. 910. 910. 910. 910    cal. yr BP (zones G4 and GM3)cal. yr BP (zones G4 and GM3)cal. yr BP (zones G4 and GM3)cal. yr BP (zones G4 and GM3)    

Decreasing sand content in the sediments suggests a more complete vegetation cover and 

decreasing erosion around the basin. An increase in the presence of Cyperaceae indicates 

the water body became more permanent. The proportion of graminaceous vegetation, 

other páramo herbs, increases to 30%, and asteraceous shrubs, possibly indicating SARF, 

increases to 20% while UMRF taxa reach c. 50%. These proportions indicate that the site 
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was located near the UFL. Presence of páramo vegetation near the coring site is also 

supported by the start of a relevant record of charcoal, which originates from fire in the 

páramo. We estimate the UFL shifted downslope and at the end of this period reached c. 

3400 m altitude. During this period the forest composition also changed: Hedyosmum, 

Ilex, and Symplocos decreased, while the proportion of Melastomataceae increased. 

Melastomataceous trees, of which Miconia is most abundant, are common around the UFL, 

and grow well into the lowermost páramo where shrubs may be abundant (Moscol Olivera, 

unpublished data, Rangel-Ch., 1995). This supports the interpretation that the UFL 

remained close to the study site. During this period the pollen record shows a significant 

change in environmental conditions. The increase of páramo vegetation cannot be 

explained by assuming local páramo islands became more abundant in the UMRF while 

the position of the UFL did not change. In the páramo Apiaceae became abundant but, 

unfortunately, the vast majority of all apiaceous pollen grains belong to an unknown 

species (not Hydrocotyle) and we cannot speculate further on the vegetation it represents. 

Increasing abundance of charcoal particles and the presence of fungal spores Type 1 

(Gelasinospora sp.) and Type 2 (Gelasinospora cf. reticulispora) suggests fire became more 

frequent in the region. 

Period 5, Period 5, Period 5, Period 5, cccc. 910 to . 910 to . 910 to . 910 to cccc.  520 cal. yr.  520 cal. yr.  520 cal. yr.  520 cal. yr    BP (zones G5 and GM3)BP (zones G5 and GM3)BP (zones G5 and GM3)BP (zones G5 and GM3)    

The sand fraction almost disappears and the amount of organic material, plant remains 

and root fragments increase, showing that the nature of the sediments changed from 

mineral sediments with a source in the surrounding area, to sediments that mainly 

originated from locally produced plant material. The notable increase of Cyperaceae fits 

this interpretation as it points to the local development of a mire. The presence of 

Glomus indicates that the site was still subjected to erosion. There is a notable increase in 

the amount of invertebrate remains. Unfortunately it is currently not known to which 

species these invertebrates belong and therefore it is not known what this implies. 

Perhaps the occurrence of invertebrates is linked to a rise in the water-table and the 

development of the mire in the study site. A markedly decreasing proportion of arboreal 

pollen (10-20%) and the highest representation of asteraceous shrubs indicate a further 

downslope expansion of páramo vegetation. We estimate SARF must have surrounded the 

study site, suggesting a position of the UFL at some 100 to 150 m below the coring site, 

thus at 3250-3300 m altitude. A species-rich páramo vegetation, including Poaceae, 

Apiaceae, Gentiana, Lupinus, Plantago, Ranunculaceae and Valeriana was present. An 

increase in the amount and size of charcoal particles and the continued presence of fire-

indicative non-pollen palynomorphs (fungal spores Type 1 and Type 2) indicate that fire 

became increasingly frequent in the study area. Rumex may have become more abundant 

on burnt soils. However, the absence of indicators of human impact as well as the fact 

that the charcoal fragments found were mostly small in size, indicate that the fires 

probably had no local anthropogenic origin.  
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PPPPeriod 6, eriod 6, eriod 6, eriod 6, cccc. 520 cal. yr BP to subrecent (zones G6, GM3 and GM4). 520 cal. yr BP to subrecent (zones G6, GM3 and GM4). 520 cal. yr BP to subrecent (zones G6, GM3 and GM4). 520 cal. yr BP to subrecent (zones G6, GM3 and GM4)    

The presence of black clay with a high proportion of roots and diffuse organic material, in 

combination with cyperaceous vegetation (documented by its pollen, seeds and tissue 

fragments) and Myriophyllum, indicate wet conditions and peat formation. Possibly there 

was also some standing water in the basin. The presence of Type 123 macrofossils 

indicates fluctuating water levels (Pals et al. 1980; Van Geel et al. 1981; Bakker and van 

Smeerdijk, 1982). Increasing arboreal pollen values show that forest migrated upslope 

again. The proportions of SARF reach maximum values during this period, indicating that 

the UFL remained close to the site and/or that a páramo island developed nearby. Main 

forest taxa were Weinmannia, Hedyosmum, Melastomataceae, Clethra, Myrsinaceae, 

Myrtaceae, and Symplocos. Based on the proportions of UMRF, SARF and high abundance 

of asteraceous shrubs we estimate the UFL at some 200 m above the study site, thus at 

3600 m altitude. Alnus occurred on wet soils along drainage systems (Weng et al., 2004a). 

For that part of the record for which we can rule out human impact, the representation of 

Rumex remains very low (<2%). The significantly increased values point to the presence of 

arable land around settlements. The increase of Myrthaceae may reflect Myrteola growing 

at the borders of páramo islands that could have developed at the elevation of the study 

site. The abundance of charcoal particles further increased during this period, indicating 

that fire became more frequent. This supports our interpretation that human impact 

became a factor during the last six centuries. 

Period 7, the last decades (zones G7 and GM4)Period 7, the last decades (zones G7 and GM4)Period 7, the last decades (zones G7 and GM4)Period 7, the last decades (zones G7 and GM4)    

The uppermost 3 cm of the bog sediments mainly consists of remains of Sphagnum peat 

and reflects the present setting of the mire surface. Cyperaceous vegetation decreased, 

indicating that the site lost its stagnant water body and the mire started to dry out in 

recent time. The fungus spore Type 16 (Byssothecium circinans), characteristic of 

disturbed soils, is frequent and points to increasing damage of the mire vegetation during 

the last decades. This may be caused by trampling cattle, but the presence of cattle is not 

supported by finds of coprophilous fungal spores. During this period arboreal taxa values 

remained constant at c. 35%, and the proportion of Hedyosmum increased. However, 

asteraceous and ericaceous shrubs in particular decreased, while grassy vegetation 

increased. This change in composition suggests SARF is disappearing, possibly by 

burning, as charcoal remains abundant. This process reflects a downslope extension of 

the páramo as a response to human disturbance of SARF. We estimate the undisturbed 

UFL continued at the same elevation of 3550 m, but the degradation and burning of SARF 

may have lowered the actual UFL by some 50 m.  Continuous presence of Rumex indicates 

human impact on the vegetation. 
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The presentThe presentThe presentThe present----day settingday settingday settingday setting    

In the modern pollen rain spectra, presence of Cyperaceae reflects the wet bog surface. 

The pollen spectrum is mostly identical to the topmost core sample, which consist of 

recent material. Human activities in the area are reflected in the pollen rain by presence of 

the crop plant Zea mays, and the disturbance indicator Rumex. Clusia is hardly found in 

the modern pollen rain, although it is an important tree around the site. The lower 

representation of Weinmannia and Hedyosmum may be a signal of selective wood 

extraction. The low values of Asteraceae suggest asteraceous shrubs are harvested for 

firewood. 

    

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION    

With the aim of obtaining the maximum evidence of migrations of the UFL during the last 

millennia we chose the Guandera site at 3400 m elevation as we are able to monitor 

vegetation at the forest-páramo transition from the local pollen record. Among the many 

sites palynologically studied in the northern Andes (Marchant et al., 2001) only few are 

located at short distance to the modern UFL and have produced pollen records of the last 

millennia with a similar level of temporal resolution as is the case in our Guandera record.  

Increasing climatic humidity around 6200 14C yr BP is also registered in pollen records 

from the savannas of the Llanos Orientales (Behling and Hooghiemstra, 1998, 2000; Vélez 

et al., 2005) but evidence from pollen records in the interandean Cauca Valley (Berrío et 

al., 2002) and Patía Valley (Vélez et al., 2005) point to an opposite direction. The period 

around 4000 to 3800 14C yr BP is another interval characterised in many pollen records by 

environmental change. In this case all pollen records point to increasing climatic 

humidity. In a mountainous area as the northern Andes, environmental change may 

include a significant local component, resulting in a mosaic of climatic settings, as is the 

case today. The direction of environmental change may also depend on the elevation, as 

shown in Marchant et al. (2001).  

The discussion will now focus on migrations of the UFL during the last three millennia. 

Two pollen records are of particular interest as both sites are from modern (potential) 

UFL elevations, the archives are from a mire, the chronological control is based on a 

relatively high number of radiocarbon dates, and temporal resolution of the pollen 

records is similar to the high resolution obtained in our Guandera record G15-II. Record 

Pantano de Pecho (0°20´S, 78°37´W) is from a 150-cm long core from a mire at 3870 m c. 

10 km SW of Quito; 4 AMS 14C ages show the record represents the last c. 730 radiocarbon 

years and with 30 pollen spectra a temporal resolution of c. 25 years has been reached 

(Wille et at., 2002). Record Llano Grande II (6°29´N, 76°06´W) is from a 210 cm long core 

from a mire at 3460 m in the Páramo de Frontino, Western Cordillera of Colombia; nine 
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AMS 14C ages show the record represents the last c. 4000 radiocarbon years and with c. 

200 pollen spectra a temporal resolution of c. 20 years has been reached (Velásquez, 

2005).  

At Guandera the most recent highest elevation of the UFL (3700 m) was reached around 

4000 14C yr BP while in the Páramo de Frontino the highest UFL position was c. 3600 m 

around 2900 14C yr BP. After these periods of maximum UFL position there is a gradual 

and continuous downslope shift to 3300-3250 m at c. 800 14C yr BP in Guandera and to c. 

3350 m at c. 1100 14C yr BP in the Páramo de Frontino (Table 3). After the lowest position 

of the UFL had been reached, the UFL shifted c. 300 m upslope in Guandera to its present-

day position at 3600 m (this study), and a maximum elevation of c. 150 m in the Páramo 

de Frontino to its modern position at 3400-3500 m (Velásquez, 2005). Differences in 

absolute numbers of UFL displacements are expected because of varying regional 

conditions but the observed trends are similar. The Ecuadorian pollen record of Pantano 

de Pecho confirms the recent trend of an upslope migrating UFL: it was located at 3400-

3500 m from 660 to 635 cal. yr BP (AD 1290-1315) and migrated upslope to a maximum 

of 3750 m during the period from 310 to 185 cal. yr BP (AD 1640-1765) (Wille et al., 2002). 

The Ecuadorian sites Guandera and Pantano de Pecho strongly suggest anthropogenic 

disturbance in the uppermost part of the pollen record. Our Guandera record shows a 

stagnating trend and the site Pantano de Pecho shows increasing proportions of páramo 

vegetation. Both signals are interpreted, without doubt, as anthropogenic impact on the 

landscape and, therefore, we refrain from interpreting the uppermost part of the record 

in terms of UFL shifts. Evidence for significant environmental change after 1100 

radiocarbon years BP also comes from the pollen record Rio Timbío located in the 

intraAndean valley near Popayán (southern Colombia), where a long period of human 

occupation, evidenced by deforestation and crop cultivation, abruptly gave way to 

abandonment of settlements and forest recovery (Wille et al., 2000). Significant change 

with a similar trend is also documented in the south Colombian pollen records of Genagra 

(Behling et al. 1998) and Pitalito (Bakker, 1990) both at relatively short distance from the 

Guandera study area. The pollen record of Colombian site Llano Grande II comes from a 

more isolated setting and the level of human disturbance in this area is low. The pollen 

record shows during the last 1100 14C yr BP a continuous upslope migration of the UFL, 

even accelerated during the last 350 14C yr BP and confirming the similar trend in the 

record Pantano de Pecho (Wille et al., 2002). 

After c. 600 cal. yr BP, at the start of period 6, palaeoenvironmental conditions at 

Guandera changed rapidly and markedly: evidence indicates wet climatic conditions (in 

the depression at the sample site, peat formation continued) and significant human 

impact on the vegetation. Anthropogenic disturbance included burning (presence of 

abundant charcoal), development of cultivated land (Rumex became more abundant) and 

possible extraction of wood (the decreasing proportion of asteraceous and ericaceous 
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shrub near the UFL became apparent in the record). The date of 800 cal. yr BP is 

contemporary with the expansion of the first major political entities in the region 

(Bakewell and TePaske, 1981; Seltzer and Hastorf, 1990), a process that may have been 

responsible for the increase of anthropogenic effects in Guandera. The last decennia are 

reflected in two samples only; local wood extraction, fire in the páramo and agricultural 

activities mainly outside the area of the present-day reserve are the main anthropogenic 

activities during this period.  

There are still uncertainties to address in future studies. In the present-day Guandera 

Reserve we have observed small páramo islands in the closed UMRF between 3550 m and 

3500 m (Fig. 3). Higher proportions of páramo taxa in the pollen spectra may occur when 

a páramo island is located close to the coring site. Therefore, páramo islands potentially 

may cause a bias on the estimation of the UFL position and more sites along an altitudinal 

gradient are needed to improve our estimates. 

Another relevant pollen record is Mullumica from 3800 m elevation in the northern 

Andes, reflecting the period from 12 600 14C yr BP to the present (Van der Hammen et al., 

2003). This study shows a lowering of the UFL after 5000 radiocarbon years BP, which is 

consistent with the change in our record during period 3. After 3000 14C yr BP the 

Mullumica record shows colder climatic conditions, which correspond to the changes in 

Guandera and Llano Grande records. The pollen record of Laguna Chorreras at 3700 m 

elevation in southern Ecuador (Hansen et al., 2003) shows  an expansion of the páramo 

between 7000 and 4000 14C yr BP followed by cooler and moister conditions after 4000 14C 

yr BP. These changes are supported by our Guandera record. The Chorreras record 

suggests lower amplitudes of environmental change as is the case in Guandera. We 

assume this difference relates to the southward-increasing climatic dryness, leading in 

southern Ecuador to the transition from páramo to drier puna vegetation. The recent 

decrease of Asteraceae and other shrubs and UFL species may indicate the removal of 

shrubs for firewood. The collection of firewood in the SARF and in the páramo 

contributes to the present-day abrupt transition from UMRF to páramo. Also burning of 

the lower páramo is likely to be a cause of the sharp forest-páramo transition (Di Pasquale 

et al., 2007). The páramo is currently burned every five to six years and this process 

maintains the sharp forest-páramo transition. Burning of the páramo also explains the 

relatively low number of species during the last centuries. Burning slows down the 

recovery of woody vegetation that is typical for the bunchgrass páramo (Moscol Olivera 

and Cleef, 2009a, b) causing the original vegetation to be replaced by more opportunistic 

and cosmopolitical species (Verweij, 1995; Hofstede et al., 2002b). 

The results from the Ecuadorian records Guandera and Pantano de Pecho, and from the 

Colombian pollen record Llano Grande-II, allow the firm conclusion that the UFL had its 

highest position at 3700 m from 4000 to 3000 14C yr BP. The UFL subsequently shifted 
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downslope and reached its lowermost position between 1100 and 600 14C yr BP. During 

the last millennium, the UFL migrated upslope again. Considering the last five millennia 

there is no evidence for an UFL position above 3700 m, neither in northern Ecuador nor in 

the Colombian Andes. This study is in favor of the hypothesis that páramo vegetation 

above 3700 m elevation represents a natural ecosystem and is not the result of 

anthropogenic deforestation and subsequent downslope expansion of páramo vegetation 

(a process locally known as ‘paramisación’). There is no evidence in the palaeoecological 

literature of the northern Andes that the validity of this conclusion is restricted to the 

study sites mentioned and our conclusions seem consistent for the northernmost Andes. 

Kyoto Protocol-triggered reforestation activities in the Ecuadorian Andes should be 

limited to 3700 m elevation maximum. Exotic trees, such as eucalypt and Mexican pine, 

can grow at  elevations substantially higher than the natural UFL formed by native 

arboreal species. From a conservational point of view, planting exotic trees should be 

strongly discouraged.  
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Appendix 1Appendix 1Appendix 1Appendix 1 

List of identified fossil pollen and spore taxa in sediment core Guandera 15-II (3400 m 
altitude, northern Ecuador). Taxa are grouped by ecological preference and taxonomy. 

Páramo:Páramo:Páramo:Páramo:    

Apiaceae 

Caryophyllaceae 

Gentianaceae 

Iridaceae 

Lupinus 

Plantago 

Poaceae 

Puya 

Ranunculaceae 

Valeriana

    

Páramo or Subalpine Rain Forest:Páramo or Subalpine Rain Forest:Páramo or Subalpine Rain Forest:Páramo or Subalpine Rain Forest:    

Asteraceae 

 

Subalpine Rain Forest (SARF):Subalpine Rain Forest (SARF):Subalpine Rain Forest (SARF):Subalpine Rain Forest (SARF):    

Ericaceae 

Hypericum 

Monnina 

Polylepis/Acaena 

Rosaceae (other) 

    

Upper Montane Rain Forest (UMRF):Upper Montane Rain Forest (UMRF):Upper Montane Rain Forest (UMRF):Upper Montane Rain Forest (UMRF):    

Araliaceae 

Alnus 

Boraginaceae 

Brunellia 

Clethra 

Clusia 

Croton 

Euphorbiaceae 

Fabaceae 

Gunnera 

Hedyosmum 

Hesperomeles 

Ilex 

Lamiaceae 

Loranthaceae (Gaiadendron) 

Loranthaceae (other) 

Melastomataceae 

Muehlenbeckia 

Myrica 

Myrsinaceae 

Myrtaceae 

Onagraceae (Fuchsia) 

Onagraceae (other) 

Podocarpus 

Quercus 

Rubiaceae 

Scrophulariaceae (cf. Calceolaria) 

Solanaceae 

Symplocos 

Thalictrum 

Tristerix 

Ulmaceae 

Weinmannia 

 

Lower Montane Rain Forest (LMRF):Lower Montane Rain Forest (LMRF):Lower Montane Rain Forest (LMRF):Lower Montane Rain Forest (LMRF):    

Acalypha 

Proteaceae 

Urticaceae/Moraceae 

Warszewiczia

 

Human Impact (HI) indicators:Human Impact (HI) indicators:Human Impact (HI) indicators:Human Impact (HI) indicators:    

Brassicaceae 

Chenopodiaceae 

Rumex 
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Aquatics:Aquatics:Aquatics:Aquatics:    

Alismataceae 

Cyperaceae 

Myriophyllum 

    

Fern spores:Fern spores:Fern spores:Fern spores: 

Monolete psilate 

Monolete verrucate 

Selaginella 

trilete spores 

    

OOOOther ather ather ather and indeterminatednd indeterminatednd indeterminatednd indeterminated    

Paepalanthus 

Polygonaceae 

unknown tricolpate 

cf. Type 11 

cf. Type 35 

cf. Type 41 

cf. Type 43 

cf. Type 46 

cf. Type 143 

cf. Type 144 

cf. Type 149 

cf. Type 150 

cf. Type 151 

cf. Type 152 

cf. Type 154 

cf. Type 155 

cf. Type 156 

cf. Type 157 

cf. Type 198 

cf. Type 202 

cf. Type 218 

cf. Type 23 




