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SUMMARY 

 
Montane forest and tropical alpine grasslands in the Ecuadorian Andes show a high plant 

diversity. Only a small fraction of the forest is left due to deforestation. The alpine 

grasslands, regionally known as ‘páramo’, are over-exploited by grazing and burning and 

have been widely replaced by potato cultivation, and recently also by tree plantations. 

This has resulted in a downslope expansion of the upper forest line (UFL). Some 

researchers believe that the UFL under natural conditions is located around 4000 to 4100 

m elevation. As a consequence, páramo below 4000 m represents secondary vegetation in 

a formerly forested area. This ‘high forest line hypothesis’ is debated by researchers who 

believe the UFL in absence of anthropogenic impact is located around 3600 to 3700 m 

elevation (‘low forest line hypothesis’). In this thesis the natural position of the UFL is 

reconstructed using a combination of vegetation analysis along an altitudinal gradient 

(chapters 2 and 3), analysis of the relationship between vegetation and modern pollen rain 

(chapter 4), and the palynological analysis of two peat cores and a soil monolith (chapters 

5 and 6).  

 

In chapter 2 patterns of vascular plant species composition and structure of the montane 

forest were studied in two different reserves in northern Ecuador. The relatively 

undisturbed forest vegetation in the Guandera Biological Reserve was compared with the 

highly degraded forest in El Angel Ecological Reserve. Thirty three plots located along an 

altitudinal transect between 3300 and 3700 m, and crossing the UFL were examined. 

TWINSPAN analysis was used to recognise the phytosociological subdivision of the forest 

communities. On the basis of both floristic composition and percentage of cover two 

forest communities were identified for Guandera and five forest communities for El 

Angel. The pattern of plant composition of these forest communities clearly corresponds 

to a humidity gradient declining from east to west, from Guandera to El Angel. The high 

Andean and the Andean rain forest zones of Guandera were not floristically discernable 

by our analysis at the community level: they belong to one single community. This has not 

been found earlier in the equatorial Andes. In the Guandera area small patches of forest in 

páramo between 3550 and 3700 m are in terms of structure and floristic composition 

similar to the high Andean forest (3600-3620 m). Difference was only observed at the level 

of variants. This indicates that the present-day isolated patches of forest in the páramo 

separated only recently from the belt with continuous forest, or, that the patches of forest 

were easily colonised by input from the high Andean forest located at ca. 50 m lower 

elevation. The unexpected sharp and abrupt UFL in Guandera Reserve, at present-day 

located at 3640 m elevation, is probably a consequence of frequent and extensive fires. In 

El Angel Reserve no UFL can be recognised anymore as montane forest has been largely 

removed by clear cutting. This resulted in a downslope expansion of páramo vegetation, a 

process regionally known as ‘paramización’.  
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In chapter 3 the composition of the páramo grasslands in the same reserves as studied in 

chapter 2 was analysed with the same phytosociological methods. The altitudinal 

distribution of specific plant communities was analysed in particular. Also indications for 

human influence in these communities were explored. Between 3400 and 4000 m altitude 

100 plots of zonal and azonal páramo vegetation were examined. Classification by means 

of TWINSPAN revealed seven páramo communities at the association level. Each of these 

associations clustered into two alliances (Diplostephio-Calamagrostion and Paepalantho-

Oreobolion) belonging to  one  order on the basis of both floristic composition and 

percentage of cover. This order of Espeletio pycnophyllae-Calamagrostietalia effusae 

unifies all zonal bunchgrass páramos in the study area of Guandera and El Angel. A 

subpáramo vegetation community was not detectable as a structural zone near the UFL 

probably due to frequent fires that caused a sharp UFL in Guandera. In the Guandera 

Reserve two distinct zonal páramo communities were identified: a bamboo-dominated 

community in the high páramo (Jamesonio-Neurolepidetum) and islands of páramo 

vegetation in belt with continuous high Andean forest (Espeletio-Diplostephietum). In El 

Angel, the floristic composition of the subassociation Paspaletosum bonplandiani, a 

bunchgrass páramo at 3430 to 3550 m elevation, suggested that this vegetation was 

formerly located on forested land. The presence of distinct taxa in this subassociation, 

such as species of Hydrocotyle, Aethantus and some pleurocarpous mosses is undeniably 

a response to habitat alteration induced by human activities. The azonal páramo 

vegetation reveals three plant communities at the association level, including the first 

report of a Xyris and Oreobolus-dominated cushion bog in Ecuador. 

 

In chapter 4 the relationship between modern vegetation and modern pollen rain was 

analysed with the aim to improve the interpretation of fossil pollen spectra into terms of 

past vegetation change. In the Guandera area the presence and cover of plant taxa was 

compared with the share of these taxa in pollen spectra from moss polsters and pollen 

traps. In total, 73 pollen taxa were identified in the pollen rain. Per relevé, moss polsters 

and pollen traps contained 21 pollen taxa on the average. Redundancy analyses (RDA) of 

pollen rain spectra against vegetation types (or major vegetation communities) showed 

that moss polsters are as good as pollen traps to characterise the modern pollen rain. 

Pollen spectra from forest, páramo, and cultivated fields and meadows were well 

separated along the principal RDA axes, showing the potential to distinguish these 

vegetation types in pollen records. The modern pollen spectrum from a patch of páramo 

vegetation located in the Andean forest was similar to the pollen spectra of the 

surrounding forest. Likewise, the pollen spectrum collected inside a patch of forest 

located in the páramo was similar to pollen spectra from sites in the nearby páramo. 

Pollen taxa with wind-dispersed pollination syndromes were overrepresented in pollen 

spectra from forest and páramo settings. Significant percentages of Clusia (12-33%), Ilex 
(0.87-4.5%), and Weinmannia (18-85%) are the best indicators of local presence of forest.  
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High percentages of Puya (0.30-0.88%), Apiaceae (0.25-0.88%), Poaceae (30-70%), and 

Cyperaceae (13-29%) are the best indicators to infer presence of páramo vegetation. 

 

In chapter 5 vegetation change during the past 3000 years was addressed. This period is 

sufficiently long to reach the period without human impact on the  vegetation. In the 

Guandera Reserve a 90 cm long sediment core G15-II was collected from a small mire at 

3400 m elevation. This mire lies 200 m below the actual UFL. Pollen analysis showed the 

altitudinal position of the UFL varied during seven discrete intervals: (1) from 7150 to 

6240 calendar years before present (cal yr BP) the UFL was at ~3100–3200 m and climatic 

conditions were cool; (2) from 6240 to 5320 cal yr BP the UFL shifted to ~3600 m and 

Andean rainforest 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 downslope 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 ~520 cal yr BP the UFL has shifted upslope to reach 3600 m 

elevation at present-day. During this last period presence of agricultural weeds (Rumex) 

and evidence of draining and disturbance of the mire indicate that agricultural activities 

had expanded and had reached the reserve area closely; (7) during the last 150 cal yr BP 

the level of disturbance increased. It is evident that during the last 6000 years the UFL 

reached a maximum elevation of 3650 to 3700 m. The ‘high forest line’ hypothesis is 

rejected. Páramo grasslands above 3700 m  represent a natural ecosystem. 

 

In chapter 6 palynological evidence is provided from two sites located around 3800 m 

elevation in the Guandera Reserve. The 400 m higher elevation compared to core G15-II 

allows to reconstruct vegetation changes from a different perspective and improving the 

reliability of UFL reconstructions. Pollen analysis of the 170 cm long peat core G8 from 

3810 m elevation, some 200 m above the present-day UFL, shows five main periods of 

forest dynamics: (1) from 2880 to 1370 cal yr BP the UFL was at ~3500 m and patches 

with asteraceous dwarf trees and shrub in the páramo were located close to the site; (2) 

from 1370 to ~500 cal yr BP the UFL lowered to ~3350 m; (3) from ~500 to ~300 cal yr BP 

the Andean rainforest expanded rapidly and the UFL shifted to ~3550 m while relatively 

wet climatic conditions prevailed; (4) from ~300 to ~150 cal yr BP the UFL reached ~3600 

m. More abundant shrub of Dodonaea is first evidence of erosion caused by 

anthropogenic impact on the landscape; (5) from ~150 cal yr BP to the present high 

proportions of Rumex indicate the surface of agricultural fields had increased 

significantly. This agricultural area mainly replaced the forest on the valley floors 

surrounding the Guandera Reserve. The UFL continued at ~3600 m. Results confirm that 

the UFL had not reached higher elevations than ~3600 m during the last 3000 years. 
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The feasibility to infer UFL changes from pollen records based on a soil monolith was 

explored. Soil-based pollen records are not spatially constrained to places where 

depressions in the landscape allow the formation of mires. This advantage however, is 

reduced by the fact that soil-based pollen records often suffer from poor pollen 

preservation while bioturbation in the soil potentially erased much of the 

chronostratigraphy in a soil sequence. Pollen analysis of the 70 cm deep soil monolith G7 

collected at 3820 m elevation showed a continuous presence of páramo vegetation during 

the last 3000 years. Páramo vegetation changed of composition and there is evidence of a 

dynamic patch of forest located in the grasspáramo near site G7. This soil profile did not 

allow to infer estimates of the position of the UFL as the pollen signal is of local relevance 

only. However, continuous presence of páramo vegetation at 3820 m confirmed again that 

the ‘high forest line’ hypothesis is incorrect and páramo vegetation at this elevation 

reflects a natural ecosystem. 

 

In chapter 7 a synthesis of results is presented. A major conclusion from the results 

presented in this thesis, and from the RUFLE Research Programme at large to which this 

thesis belongs, is that a baseline study is needed before measurements are implemented. 

In the frame of the international Kyoto Protocol in the northern Andes large areas are 

covered by forest plantations to fix carbondioxyde as a compensation for carbon 

emissions in the western world. The use of exotic tree species, such as Mexican pine and 

Australian eucalypt, allows to create forest up to higher elevations than the natural UFL 

which is made up of native tree species. Forest plantations below 3650 m can be 

considered as a form of reforestation which is helpful in reducing abundant soil erosion 

and frequent landslides. Forest made up of exotic tree species should not be planted 

above 3650 m as it is destroying a highly diverse and economically important natural 

ecosystem. 

 


