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ABSTRACT ABSTRACT ABSTRACT ABSTRACT     

Modern pollen spectra were studied in forest and páramo vegetation from the 

Guandera area, northern Ecuador. Pollen representation was estimated by comparing 

the presence of plant taxa from a recent vegetation survey with the pollen spectra in 

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 average. 

Redundancy analyses (RDA) of pollen rain spectra against vegetation types yielded 

similar results for moss polsters and pollen traps. Spectra from forest, páramo, and 

cultivated field/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 Andean forest was 

similar to the spectra of the surrounding forests. Likewise , the pollen spectrum from 

a forest patch in páramo was similar to spectra from the nearby páramo matrix. The 

modern pollen spectra from cultivated field/meadows hardly contained pollen taxa 

typically found in páramo or forest. In both forest and páramo, pollen taxa with wind-

dispersed pollination syndromes were overrepresented. Clusia, Ilex, and Weinmannia 

(only with high percentages) seemed best to infer local presence of forest from pollen 

records. Puya, Apiaceae, Poaceae (only with high percentages), and Cyperaceae came 

out as best candidates to infer the presence of páramo vegetation.  

Key words:Key words:Key words:Key words: correspondence analysis; Montane Rain Forest; páramo; pollen dispersal 

syndrome; pollen representation; redundancy analysis 

 

INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION 

Pollen representation can be broadly defined as the degree how well the vegetation is 

reflected in the modern pollen rain (Davis, 1963, 1984; Birks & Gordon, 1985; Prentice, 

1985; Fægri & Iversen, 1989; Jackson, 1994). Assuming that taxon-specific 

representation factors (or correction factors; Andersen, 1970; Birks & Gordon, 1985) 

are constant in time and space, they allow to weight the strength of the signal from 

plant taxa in fossil pollen spectra. The better the representation, the stronger the 

conclusions about palaeo-environments detectable in the pollen records. 

Overrepresented pollen taxa occur usually in high percentages, but yield only regional 
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or exotic signals. Underrepresented taxa allow more detailed environmental 

reconstructions but are scarcely found.  

Modern pollen spectra can be correlated directly to environmental gradients, for 

example in rain fall, altitude, human influence, vegetation cover, or plant communities 

(Gaillard et al. 1992; Bradshaw, 1994; Islebe & Hooghiemstra, 1995; Rodgers & Horn, 

1996; McGlone & Moar, 1997; Bush, 2000; Marchant & Taylor, 2000; Barbono & 

Bonnefille, 2001; Davies & Fall, 2001; Weng et al., 2004; Mazier et al., 2006; Fletcher & 

Thomas, 2007; Gosling et al., 2009). Pollen representation is usually estimated by 

means of some degree of association between taxa found in the pollen rain and in the 

vegetation at sampling sites (relevés) (Webb et al. 1981; Davis, 1984, Grabandt, 1980, 

1985; Melief, 1985).  

Pollen representation depends on pollination syndromes, i.e. the combined sets of 

plant traits and attributes related to pollen production, flower morphology, and 

mechanisms of pollen dispersal (Fægri & Van der Pijl, 1979). It further depends on 

many other factors, e.g. the size of plants relative to the vegetation matrix (pollen 

from emergent plants are more likely to become airborne), the composition and 

abundance of the fauna responsible for pollen dispersal, spatial and temporal 

properties of the vegetation and environment where pollen is transported and 

deposited (rainfall, wind and atmospheric conditions, interception by canopies; Berrío 

et al. 2002), and the longevity or preservation of pollen. In general, it can be expected 

that in open vegetation types wind often contributes to transport over relatively long 

distances, increasing chances of overrepresentation (Tauber, 1965; Fægri & Iversen, 

1989). On the other hand, in forests the distance of pollen dispersal may be more 

limited (Fægri & Iversen, 1989; Bush & Rivera, 1998), leading to underrepresentation.  

In the context of an integrated research to study the dynamics of the upper forest line 

(UFL) in northern Ecuador (Tonneijck et al., 2006, 2008; Jansen et al. 2008), several 

palynological studies are being undertaken to examine the history of the forest-

páramo transition during the last millennia (Wille et al., 2002; Bakker et al., 2008). The 

present paper reports on pollen rain information from the Guandera site. We used 

standard techniques (Davis, 1984) and multivariate analyses (Berrío et al., 2003) to 

derive estimates of pollen representation, which we compared with predictions based 

on pollination syndromes, in both forest and páramo environments. Our overall 

objective is to contribute to improving the interpretation of pollen records taken in 

the northern Andes.  

SSSStudy areatudy areatudy areatudy area 

Guandera Biological Reserve is a private reserve of the Jatun Sacha Foundation, and is 

located in the Eastern Cordillera of Ecuador, approximately 11 km East of San Gabriel, 

in the El Carchi province (Fig. 1). The area receives annually about 1900 mm rain fall. 

Monthly means of maximum temperature vary between 12° and 15 °C (Luteyn, 1999; Di 
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Pasquale et al., 2008; Bader et al., 2007). The predominant soils classify as Andosols 

(FAO, 1998), which are formed in volcanic ash and which are rich in organic matter. 

Soil studies at Guandera (Tonneijck et al., 2006, 2008) show high levels of organic 

carbon for the A and B horizons (4 - 25%), low bulk densities (<0.85 g/cm3) and acid to 

very acid conditions (pH 3.2 - 4.9). Volcanic systems in Ecuador and southern 

Colombia are part of the ‘Northern Volcanic Zone’, extending from 5ºN to 2ºS (Stern, 

2004). The northern part of the Ecuadorian Andes is covered by Cenozoic volcanic 

rock (Hörmann & Pichler, 1982). Rocks of the Western Cordillera belong to a calc-

alkaline andesite-dacite series, while in the Eastern Cordillera they are members of the 

andesite-dacite-rhyodacite series (Hörmann & Pichler, 1982; Stern, 2004).  

Fig. 1.Fig. 1.Fig. 1.Fig. 1. Map showing the location of the Guandera site in northern Ecuador. 

Guandera Biological Reserve includes about 10 km2 of relatively undisturbed páramo 

grass- and shrubland. The altitudinal vegetation zonation in the area shows at the 

forest-páramo transition a narrow belt with subalpine rain forest (SARF) in which 

species of Asteraceae, Ericaceae and Hypericum are dominant (Moscol Olivera & Cleef, 

2009b). In downslope direction, SARF is transitional to Upper Montane Rain Forest 

(UMRF) which includes a Clusia flaviflora-dominated forest at some 100 m below the 

present-day UFL (Moscol Olivera & Cleef, 2009a,b). Around an altitude of 3550 m, 

isolated patches of páramo vegetation within the zone of continuous forest occur. 
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Shrub-dominated subpáramo vegetation which forms in the northernmost Andes the 

transition between UMRF and páramo is not present in our study area, probably due to 

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 C. flaviflora, 

Ilex colombiana, Weinmannia cochensis and Miconia tinifolia. 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. Outside Guandera Biological Reserve 

nearly all land at lower elevations is used for crop cultivation (mainly potatoes) and 

cattle grazing. Remnants of forests are mostly located between 3300 and 3650 m, with 

some isolated patches of forest occurring up to 3700 m. 

METHODSMETHODSMETHODSMETHODS 

Modern pollen samplingModern pollen samplingModern pollen samplingModern pollen sampling    

Samples from modern pollen and spore rain (hereafter the term spore is included in 

the term pollen unless otherwise specified) were taken by means of funnel traps and 

moss polsters (or surface litter in absence of mosses). Samples were taken in 

vegetation relevés (Table 1; Fig. 2), studied in the context of a local vegetation survey 

(see further). We used modified funnel traps mounted on plastic bottles, largely 

following the design of Gosling et al. (2003) and Bush (1992), although cotton fiber 

and Whatman filter paper were used as the trapping media and the bottles were tied 

to wooden stakes. Funnels measured 17 cm in diameter and were positioned at 40 cm 

height above ground level. These traps were set out between 3300 and 4000 m 

elevation. They were placed in the field during the first half of December 2004 and 

collected in the last week of January and the first week of February 2006. Moss 

polsters were collected over this same transect between 3000 and 4000 m elevation in 

vegetation types ranging from agricultural land to páramo grassland. Twenty-two of 

these coincide with the funnel trap localities. Moss polster samples consisted of ten or 

more samples of 100 cm2 of mosses and hepatics, each taken randomly inside 20 m2 

quadrats. 

All trap and moss polster samples were prepared using the standard treatment of 

sodium pyrophosphate, acetolysis method, and heavy liquid separation by bromoform 

(Fægri & Iversen, 1989). Per sample at least 450 pollen grains, excluding fern spores, 

fungal spores and algae, were counted. Pollen identification relied on pollen 

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

and the modern pollen reference collection at the University of Amsterdam. Ecological 

groups conform to the scheme resulting from the vegetation analysis (Moscol Olivera 

& Cleef, 2009a,b) and were explained by Bakker et al. (2008).  
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. 2.. 2.. 2.. 2. Schematic altitudinal transect through Guandera Biological Reserve 
showing the altitudinal position of the main zonal vegetation belts, 
actual position of the upper forest line, and the altitudinal location of 
the analysed pollen rain samples shown in Fig. 3. 
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Table 1.Table 1.Table 1.Table 1. Site-specific data of modern pollen rain samples 

Sample Sample Sample Sample     AltitudeAltitudeAltitudeAltitude    Current vegetationCurrent vegetationCurrent vegetationCurrent vegetation    Main plant taxa in Main plant taxa in Main plant taxa in Main plant taxa in     

        (m)(m)(m)(m)            vegetationvegetationvegetationvegetation    

                16 3000 Cultivated land/meadows Poaceae, Rumex 
17 3100 Cultivated land/meadows Poaceae, Rumex 
18 3150 Cultivated land  Solanum tuberosum,  

Poaceae 

19 3200 Cultivated land  Solanum tuberosum,  
Poaceae 

20 3250 Cultivated land  Solanum tuberosum,  
Poaceae 

21 3300 Secondary forest patch  Weinmannia, Macleania,  
next to cultivated land Schefflera 

G11 3350 Secondary forest patch  Blechnum, Diplostephium,  
next to cultivated land Weinmannia 

22 3400 Secondary forest  Weinmannia, Clethra,  
Clusia 

23 3450 Secondary forest  Weinmannia, Baccharis,  
Macleania 

G1 3500 Upper Montane Rain Forest Clusia, Weinmannia, Ilex 
G2 3540 Upper Montane Rain Forest Clusia, Blechnum,  

Guzmania 
G3 3550 Páramo patch in Upper  Espeletia, Calamagrostis,  

Montane Rain Forest Diplostephium 
24 3575 Subalpine Rain Forest Weinmannia, Miconia,  

Ilex, Clusia 
G4 3610 Subalpine Rain Forest Ilex, Weinmannia,  

Macleania, Miconia 
25 3625 Subalpine Rain Forest Myrsine, Macleania,  

Miconia, Ilex 
26 3650 Páramo close to Upper  Calamagrostis, Espeletia,  

Forest Line Oreobolus 
27 3675 Páramo Calamagrostis,  

Gaiadendron, Blechnum 
G5B 3700 Subalpine Rain Forest  Weinmannia, Miconia,  

patch in páramo Ilex, Blechnum 
G5A 3700 Páramo next to forest  Calamagrostis, Puya,  

patch Espeletia 
28 3725 Páramo Calamagrostis, Puya,  

Espeletia 
G6 3750 Páramo Calamagrostis, Puya,  

Espeletia 
G8 3810 bog in páramo Oreobolus, Xyris, Carex 
G7 3820 Páramo Calamagrostis, Puya,  

Espeletia 
29 3850 Páramo Calamagrostis, Espeletia,  

Oreobolus 
G10 3900 Páramo Calamagrostis, Espeletia, 

 Oreobolus 
G9 3950 Páramo Calamagrostis, Espeletia,  

Neurolepis 
30 4000 Páramo Neurolepis, Espeletia,  

Calamagrostis 
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Vegetation surveyVegetation surveyVegetation surveyVegetation survey    

A detailed vegetation survey was conducted between April and December 2004, and 

between January and March 2006 (Moscol Olivera & Cleef, 2009a,b). Vegetation relevés 

(10 x 5 m plots in forests and 5 x 5 m plots in páramo) were made in physiognomically 

homogeneous vegetation types, along an altitudinal transect from 3000 m to 4000 m. 

These relevés were arbitrarily chosen to represent the major vegetation communities 

across the reserve and its buffer zone (with particular emphasis on the transition from 

forest to páramo). These included secondary forest (forest stands which showed 

evidence of being highly disturbed or even entirely cut in the recent past), and patches 

(0.05-0.4 ha in size) of páramo vegetation in a forest matrix, or forest in a páramo 

matrix. According to Mueller-Dombois & Ellenberg (1974), for every plot a complete 

species list of vascular plants, prominent bryophytes and other non-vascular species 

was recorded along with their corresponding cover percentage. Voucher specimens of 

unidentified vascular plants were collected and identified with the help of taxonomic 

keys. Plant collections were stored at the Herbario Nacional del Ecuador (QCNE) and 

Herbarium of the Pontificia Universidad Católica del Ecuador (QCA). The nomenclature 

for vascular plants followed Jørgensen & León-Yáñez (1999). Pollination syndromes 

were derived from Fægri & Van der Pijl (1979) and Bush (1995). 

AnalysesAnalysesAnalysesAnalyses    

The similarity of the spectra of moss polsters and pollen traps was calculated, 

pairwise for each relevé, by means of the Jaccard coefficient (Legendre & Legendre, 

1998). For moss polster and pollen trap data separately, the relationship between 

pollen spectra and vegetation types was analyzed by means of Redundancy Analysis 

(RDA) using CANOCO 4.5 (ter Braak & Smilauer, 2002). In these analyses pollen spectra 

were expressed in percentages, which were calculated for each relevé by dividing the 

pollen counts found in both trap and moss polster by the total relevé counts of trap 

and moss polster pollen from all flowering plants. Likewise, the fern (and fern-ally) 

spore rain data consisted of percentages, calculated by dividing the fern spores found 

in both trap and moss polsters by the total relevé counts of trap and moss polster 

spore from all ferns. In the RDA analyses a scaling focus on inter-sample distances 

was applied, in order to interpret the distances between the vegetation types (ter 

Braak & Smilauer, 2002). Species scores were centered and divided by their standard 

deviation. The significance of RDA axes was tested by unrestricted permutation tests 

using 499 permutations under a reduced model. In the RDA of the moss polster data 

the pollen rain samples from the cultivated land or meadows were added to the 

ordination as so-called supplementary or passive samples (ter Braak & Smilauer, 

2002). Including such samples allows to examine their relation to the other samples, 

without influencing the calculation of the ordination axes. The RDA analyses were 

preceded by a Detrended Correspondence Analysis (DCA) using CANOCO 4.5 (ter 
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Braak & Smilauer, 2002) to estimate the so-called gradient length (Ter Braak, 1987). 

Before all ordinations, pollen and spore percentages were log-transformed. 

Pollen representation was defined on the basis of trap and moss polster data 

combined for each relevé. Three complementary methods were used. The first method 

was applied only to the páramo and the forest taxa as classified on the basis of the 

detailed survey of the Guandera vegetation (Moscol Olivera & Cleef, 2009a,b).  

Representation was defined using the following rules:  

1) For páramo taxa: if found in the pollen spectrum of more than one páramo relevé 

than classified as well represented, otherwise classified as underrepresented in 

páramo; if found in the pollen spectrum of more than one forest relevé than classified 

as overrepresented in forest. 

2) For forest taxa: if found in the pollen spectrum of more than one forest relevé than 

classified as well represented, otherwise classified as underrepresented in forest; if 

found in the pollen spectrum of more than one páramo relevé than classified as 

overrepresented in páramo. 

The second method was by means of the association index (Davis, 1984). This index 

measures if the presence of a pollen taxon in a surface sample gives an indication of 

the presence of parent plant taxon in the vegetation sampled. The formula is as 

follows: 

A= Bo/ (Po+P1+Bo) 

where 

Bo= number of vegetation relevés in which the taxon is present in the pollen spectrum 

and as plant; 

Po= number of vegetation relevés in which the taxon is present in the pollen spectrum, 

but not as plant; and 

P1= number of vegetation relevés in which the taxon is present as plant, but not in the 

pollen spectrum. 

The association index varies between 0 and 1. If A=1, the taxon is present as pollen 

and plant; if A=0, the taxon is present as pollen but absent as plant, or the taxon is 

absent as pollen but present as plant (Davis, 1984). 

Thirdly, representation was visually defined by means of correspondence analysis (CA) 

using CANOCO 4.5 (ter Braak & Smilauer, 2002) on the basis of the vascular plant 

species composition of the 19 vegetation relevés where pollen spectra were recorded. 

In this analysis the species cover data were log-transformed, and a scaling focus on 

inter-sample distances together with biplot scaling type were applied. In CA the use of 

inter-sample distances ensures that species which occur in a vegetation relevé lie 

around that relevé's point in the ordination diagram (ter Braak & Smilauer, 2002). The 

pollen taxa that were found as plants or in the pollen rain of the vegetation relevés 
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were added to the ordination as supplementary variables (ter Braak & Smilauer, 2002). 

They were expressed as percentages which were calculated and log-transformed in the 

same way as indicated for the DCA analysis. 

Overrepresentation and underrepresentation were tested against pollination syndrome 

(classified in categories of prevailing wind and non-wind dispersal) by means of one-

tailed Fisher exact tests (Zar, 1984). When pollen representation was well, 

representation was tested against pollination syndrome by means of a two-tailed 

Fisher exact test (Zar, 1984). 

  

RESULTSRESULTSRESULTSRESULTS    

Modern pollen rainModern pollen rainModern pollen rainModern pollen rain    

At 22 vegetation relevés pollen rain was collected both in funnel traps and moss 

polsters (Fig. 3). At 5 additional vegetation relevés the pollen rain was only recorded 

by means of moss polsters (samples 16-20 at altitudes between 3000 and 3250 m; Fig. 

3). In total, 73 pollen taxa were identified (Table 2) whereas 19 fern spore types 

remained unidentified. In 19 vegetation relevés sampling comprised both pollen rain 

and vascular plant composition of the vegetation. In these relevés 41 pollen taxa were 

registered as plant (Table 2).  

A total of 66 pollen taxa was recorded in moss polsters. In pollen traps this total was 

63. Per relevé, moss polsters and pollen traps contained 21 pollen taxa on average. 

The variation in this average was slightly higher in pollen traps (sd=5.8) than in moss 

polsters (sd=3.7). The Jaccard similarity coefficient between moss polster and pollen 

trap spectra varied between 0.18 and 0.65 (average 0.48, n=22 relevés). The initial DCA 

analyses showed short gradient lengths (1.6 and 1.5 for the first two DCA axes of the 

moss polster spectra; 1.8 and 1.8 for the first two DCA axes of the pollen trap 

spectra), indicating a substantial overlap in the spectra. For this reason, RDA analyses 

instead of Canonical Correspondence Analyses (ter Braak, 1987) were used to examine 

how well the vegetation types explained the pollen spectra. The RDA results for moss 

polster and pollen trap spectra were highly similar (Fig. 4). For both the moss polster 

spectra and the pollen trap spectra the vegetation types explained 28% of the 

variation. In both analyses the canonical axes were significant (P<0.01).  

Forest, páramo, and cultivated field/meadow relevés were well separated along the 

principal axes of the RDA (Fig. 4). The moss polster spectra in the cultivated 

fields/meadow relevés stood out in the central part of the diagram, mostly because of 

the low percentages or the absence of pollen taxa typically associated with páramo 

(Puya) or forest (Ericaeae, Polylepis/Acaena, Clusia, Melastomataceae, Myrica, Myrsine, 

and Weinmannia), whereas Poaceae percentages were higher compared to nearby 

forest relevés (Fig. 3). The spectrum from relevé G3, which was from a páramo patch 

located in the UMRF matrix was located near the cluster of spectra from forest relevés. 
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The spectrum from relevé G5B which was made in a SARF patch located in a páramo 

matrix was located near the cluster of spectra from páramo relevés. 

Pollen representationPollen representationPollen representationPollen representation    

In order to estimate pollen representativity on the basis of the most complete 

information on the pollen rain, trap and moss polster data were combined for each 

relevé. The representation of páramo and forest taxa as based on the survey by Moscol 

Olivera & Cleef (2009a,b) and the pollen rain is shown in Table 2. The two additional 

methods (Davis association index and CA) were applied to adjust the inferences on the 

representation of páramo and forest taxa on the basis of the relevés where pollen rain 

and vegetation composition were recorded simultaneously, and to add information on 

representation about other ecological groups. 

Initial CA showed that one vegetation relevé (sample G8, compare Fig. 3) showed an 

outlying position along the second CA axis. This relevé was made in a páramo bog 

(azonal vegetation) while all other páramo relevés were from well-drained (zonal) sites. 

For this reason, it was deleted in the final CA. Along the first axis of this final CA (Fig. 

5), the páramo relevés were well separated from the forest relevés. Most páramo 

relevés showed a strongly clumped position along the first and second CA axes, 

whereas the forest relevés were more spread out, especially along CA axis 2. This 

reflected that the páramo relevés had a relatively homogeneous species composition 

compared to the more heterogeneous and more species-rich forest relevés. The second 

CA axis clearly separated vegetation relevés from secondary forest at altitudes below 

3500 m, from relevés made in UMRF and SARF at or above that altitude. 

The position of the pollen taxa in the ordination diagram represented the optimum of 

these taxa along the forest-páramo gradient (first CA axis), and the gradient from 

undisturbed to secondary forest (second CA axis). A large distance between the 

optimum of the pollen taxon as plant and its optimum as pollen (in the pollen rain) 

reflects a poor representation. Likewise, a short distance represents a high level of 

pollen representation. Indeed, the distances were negatively correlated (Spearman r=-

0.62) to the Davis association index (Table 2). 

The main inferences on pollen representation were as follows: 

1) Páramo taxa1) Páramo taxa1) Páramo taxa1) Páramo taxa    

Puya and Apiaceae showed the best representation for the typical páramo taxa. Puya 

scored low percentages of pollen rain in four forest relevés, which lead to a shift of its 

pollen rain optimum towards the forest (Fig. 5). The optimum of pollen rain from 

Poaceae shows an even stronger shift out of the páramo setting towards the forest 

(Fig. 5). If not arable land, Poaceae pollen rain percentages above 40% were often 

reached in páramo (average 44%). In forest these percentages were far lower (average 

13%) (Fig. 3).  
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Fig. 4.Fig. 4.Fig. 4.Fig. 4. RDA ordination diagrams on the basis of modern pollen rain spectra in 22 forest and 

páramo relevés, calculated for moss polster spectra (upper diagram) and pollen 

trap spectra (lower diagram). Relevé labels are explained in Table 1. For the moss 

polster spectra, the eigenvalues of the first and second RDA axes were 0.19 and 

0.06, respectively. For pollen trap spectra these values were 0.23 and 0.4. The five 

moss polster spectra from cultivated field or meadows were added to the RDA 

analysis as supplementary samples. 
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Fig. 5.Fig. 5.Fig. 5.Fig. 5. Ordination diagram of a correspondence analysis (CA) on the basis of the vascular 
plant species composition of the 19 vegetation relevés where pollen spectra were 
recorded. The diagram shows the position of these relevés, which are labelled 
according to their origin (secondary forest, UMRF, SARF, of páramo). The pollen 
taxa were added to the CA as supplementary variables. The origin of the arrows 
represents the optima of these taxa as found in the modern pollen rain, and the 
end of the arrows represents their optima as plant in these relevés. The explanation 
of the labels is in Table 2. Eigenvalues of the first and second CA axis were 0.94 and 
0.58, representing to 18% and 11% of the total inertia, respectively. 
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Both Amaryllidaceae and Valeriana were observed as plant in UMRF and SARF, 

pointing at some underrepresenting in forest. The other taxa (Scrophulariaceae, 

Caryophyllaceae, Gentiana, Geranium, Iridaceae, Lysipomia, and Ranunculus) were 

scarce in the pollen rain. 

2222) Forest taxa) Forest taxa) Forest taxa) Forest taxa    

The plant optima of Clusia, Ilex, Peperomia, Clethra, Myrsine, Weinmannia, 

Melastomataceae, and Ericaceae were located near the SARF and UMRF relevés in the 

CA diagram (Fig. 5), which confirmed the ecological group classification (Bakker et al., 

2008; Moscol Olivera & Cleef, 2009a,b). Of these taxa, Clusia showed the best 

representation. Its pollen was recorded in nine forest relevés, achieving an average 

percentage of 6% (Fig. 3). All forest relevés where Clusia pollen rain was registered 

were from SARF and UMRF and none from secondary forest. Low percentages (average 

<=1%) of Clusia pollen were recorded in three páramo and two cultivated field relevés. 

Yet, in páramo relevé G3 (páramo patch in a forest matrix) its pollen rain reached 11%. 

The representation of Ilex was fairly similar to that of Clusia (as judged by the arrow 

length and orientation in Fig. 5, and the Davis coefficient in Table 2). However, Ilex 

pollen was less frequently observed in pollen rain: it occurred in four forest relevés 

(average 5%) and in three páramo relevés (average <0.1%), and two cultivated field 

relevés (average 0.2%). Also Peperomia showed a high representation for forest in 

general. Plants of this taxon occurred exclusively in SARF and UMRF. However, its 

pollen rain was more often registered in secondary forest. Clethra showed the 

opposite pattern and occurred as plant in secondary forest, but was found as pollen in 

SARF and UMRF (average 0.8%) and in some páramo relevés (average 0.2%). The pollen 

rain of Weinmannia, Melastomataceae and Myrsine occurred relatively evenly along the 

entire forest-páramo gradient (as reflected by the mid-position of the arrow end point 

along the first CA axis; Fig. 5). Because the plants of these taxa occurred most 

frequently or with a high cover in forest, this yielded lower degrees of representation. 

Yet, the average pollen percentage of Weinmannia in SARF and URMF was 42%, which 

was substantially higher than the average of 10% recorded in páramo. For 

Melastomataceae (average 12% in forest and 6% in páramo) and Myrsine (average 2% in 

forest and 0.7% in páramo), differences were smaller.  

Melastomataceae and Ericaceae showed high Davis coefficients (0.79 and 0.63, 

respectively; see Table 2), which strongly diverged with the long distance between the 

optima for plants and pollen rain in the CA ordination diagram (Fig. 5). The plant 

optimum for Melastomataceae was positioned amid the forest relevés, largely because 

of one forest relevé (G1; Fig. 3) in which Melastomataceae were recorded with 100% 

cover. In all other forest relevés the cover percentages of Melastomataceae were at 

about the same level to that of the pollen rain percentages. In páramo relevés the trap 

pollen rain percentages of Melastomataceae seemed consistently higher that the cover 

percentages of plants, representing a slight degree of overrepresentation.    
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Table 2.Table 2.Table 2.Table 2. Pollen taxa recognized in the modern pollen rain with their association according to 

Davis (1984), their frequency of occurrence in modern pollen rain or as plants in 

the vegetation relevés, and the judgment about their degree of representation in 

forest or páramo vegetation.  

 

Freq. as 

POLLEN TAXA Pollination syndrome DAVIS A code Arrow Arable

length

PARAMO

Amaryllidaceae bees, moths, birds (nw) 0,13 Ama 2,6 0

Apiaceae small insects (nw) 0,17 Api 0,6 4

Caryophyllaceae bees, moths, insects (nw) 0 2

Gentiana bees (nw) 0 2

Geranium bees, flies (nw) 0,13 Ger 1,4 0

Iridaceae bees (nw) 0,14 Iri 1,4 1

Lysipomia insects (nw) 0 1

Poaceae wind (w) 0,95 Poa 0,5 5

Puya moths, birds (nw) 0,42 Puy 0,5 0

Ranunculus bees, insects (nw) 0 0

Scrophulariaceae birds (nw) 0,2 Scr 0,1 0

Valeriana insects, butterflies (nw) 0 Val 1,8 1

Asteraceae bees, butterflies (nw) 1 Ast 0,1 5

Ericaceae wind, insects, birds (nw) 0,63 Eri 0,9 4

Hypericum bees (nw) 0,23 Hyp 0,3 2

Rosaceae bees (nw) 0,07 Ros 1,5 0

Thalictrum bees, flies, wind (nw) 0 2

Alnus wind (w) 0 3

Araliaceae bees, flies (nw) 0,09 Ara 1,2 0

Berberis bees (nw) 0 Ber 2,8 0

Bocconia insects (nw) 0 3

Bromeliaceae bees (nw) 0,06 Bro 1,5 0

Clethra bees, butterflies (nw) 0,27 Cle 2,2 1

Clusia flaviflora bees, beetles, insects (nw) 0,58 Clu 0,3 2

Coriaria wind (w) 0 2

Dalea ? (nw) 0 0

Fabaceae bees (nw) 0 1

Gaiadendron insects, birds, wind (nw) 0,45 Gai 0,9 2

Gunnera wind (w) 0 1

Hedyosmum small insects (nw) 0,16 Hed 1,7 4

Ilex small insects (nw) 0,4 Ile 0,5 3

Juglans wind (w) 0 0

Loranthaceae small insects, birds (nw) 0 Lor 0,4 0

Melastomataceae bees (nw) 0,79 Mel 1 5

Muehlenbeckia bees, small insects, wind (nw) 0,14 Mue 1,4 0

PARAMO AND SUBALPINE RAIN FOREST

SUBALPINE RAIN FOREST

UPPER MONTANE RAIN FOREST

in CA diagram
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x is judgment based on ecological types as deduced from vegetation survey; X is additional 

judgment based on relevés where pollen rain was collected. x and X judgments are combined in 

further analyses. nw = prevailing non-wind dispersal syndrome; w = prevailing wind dispersal 

syndrome. 

 

Guandera Biological Reserve

pollen rain in

Forest Páramo Forest Páramo Forest Páramo Forest Páramo Forest Páramo

0 2 7 1 X x

2 10 1 3 x x

1 3 0 0 x

1 2 0 0 x

1 1 0 7 x

1 2 0 6 x

1 0 0 0 x

10 12 8 10 x X x

4 7 0 9 x x

2 1 0 0 x x

0 1 0 5 x

0 2 5 0 X x

10 12 9 10

9 5 9 10 x x X

1 5 2 10 x x X

1 1 9 5 x X

7 6 0 0 x x

8 12 0 0 x x

0 2 9 0 x x

0 1 2 0 x

4 3 0 0 x x

2 0 7 10 X x

5 4 7 0 x x

9 4 8 0 x x

1 2 0 0 x x

0 1 0 0 x

0 0 0 7 x X

3 6 4 3 x x X

1 2 0 0 x x

10 12 3 0 x x

4 3 7 1 x x

1 3 0 0 x x

0 1 6 3 x X

10 12 9 6 x x X

1 1 6 0 x

Freq. as plant in Overrepresented in Underrepresented in Well-represented in
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Table 2 (Table 2 (Table 2 (Table 2 (cont.)

Freq. as 

POLLEN TAXA Pollination syndrome DAVIS A code Arrow Arable

length

Myrica wind (w) 0 3

Myrsine bees (nw) 0,37 Myrs 0,8 3

Myrtaceae bees, birds (nw) 0,43 Myr 0,2 4

Peperomia wind, small insects (nw) 0,44 Pep 1,6 0

Phytolacca ? (nw) 0 1

Podocarpus wind (w) 0 4

Polylepis/Acaena bees (nw) 0 0

Prunus insects (nw) 0 0

Quercus wind, small insects (nw) 0 1

Ribes small insects, birds (nw) 0 Rib 2,4 0

Rubiaceae bees, birds (nw) 0,13 Rub 1,5 1

Styloceras ? (nw) 0 2

Symplocos bees (nw) 0,27 Sym 1,6 2

Weinmannia insects, wind (nw) 0,53 Wei 0,8 4

Acalypha small insects (nw) 0 0

Alchornea wind (w) 0 2

Amarantac./Chenopo-diac. bees, wind (nw) 0 2

Cecropia wind (w) 0 0

Trema bees, wind (nw) 0 0

Urticaceae/Moraceae wind (w) 0,06 Urt 3,1 1

HUMAN IMPACT

Brassicaceae bees, small insects (nw) 0 0

Dodonaea wind (w) 0 0

Pinus wind (w) 0 0

Rumex wind (w) 0 5

Solanaceae bees, moths, birds (nw) 0 3

Zea mays wind (w) 0 0

PEAT BOG

Cyperaceae wind (w) 0,88 Cyp 0,2 3

Myriophyllum wind (w) 0 1

Myrteola bees (nw) 0,14 My 0,1 0

Plantago wind (w) 0 2

Xyris wind, insects (nw) 0,5 0

FERNS

Cyathea wind (w) 0 Cya 2,7 0

Elaphoglossum wind (w) 0,47 Ela 1 1

Isoetes wind, water (w) 0 0

Jamesonia wind (w) 0,8 Jam 0 1

Lycopodium wind (w) 0,56 Lyc 0,5 3

Polypodium wind (w) 0,1 Pol 1,6 0
Pityrogramma wind (w) 0 0

LOWER MONTANE RAIN FOREST

in CA diagram
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Guandera Biological Reserve

pollen rain in

Forest Páramo Forest Páramo Forest Páramo Forest Páramo Forest Páramo

8 12 0 0 x x

9 12 8 0 x x

5 11 1 5 x x X

4 0 9 0 x

0 0 0 0 x

7 12 0 0 x x

2 3 0 0 x x

0 1 0 0 x

0 1 0 0 x

0 1 6 0 x

2 2 9 4 x x X

0 0 0 0 x

4 7 4 0 x x

10 12 9 1 x x

8 10 0 0 x x

7 12 0 0 x x

7 12 0 0 x x

8 8 0 0 x x

0 3 0 0 x x

8 12 1 0 x x

1 5 0 0 X

2 5 0 0 X X

0 4 0 0 X

10 12 0 0 X X

7 4 0 0 X X

1 1 0 0

7 12 5 10 X X

0 6 0 0 X

0 3 0 5 X

3 6 0 0 X X

1 2 0 1 X

0 4 1 0 X

10 10 8 0 X X

1 1 0 0

0 12 0 8 X

9 12 2 8 X X

3 3 5 0 X X
2 3 0 0 X X

Freq. as plant in Overrepresented in Underrepresented in Well-represented in
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The plant cover of Ericaceae in the forest relevés was distinctly higher (average 19%) 

than in the páramo relevé (average 1%), leading to a shift of its plant optimum towards 

the forest relevés (Fig. 5), and a slight degree of underrepresentation in forest. 

Forest taxa with low pollen representation showed their optimum as plant in forest 

and their optimum as pollen rain in páramo, yielding long arrows running from left to 

right in the CA ordination diagram (Fig. 5). Of these, Hedyosmum was recorded most 

frequently in the pollen rain and with highest percentages in páramo. Similar patterns, 

but with lower frequencies and pollen percentages were shown by Symplocos and 

Rubiaceae. These three forest taxa were clearly overrepresented in páramo.  

Other forest taxa (Araliaceae, Berberis, Bromeliaceae, Dalea, Muehlenbeckia, 

Phytolacca, Prunus, Ribes, Rosaceae, Loranthaceae) were only scarcely recorded as 

pollen rain, leading to underrepresentation. Of these, Bromeliaceae was found as plant 

in ten páramo relevés (average cover 10%) and in only 7 forest relevés (average cover 

40%). Its pollen rain was restricted to two forest relevés yielding a pollen rain 

optimum in SARF and UMRF (Fig. 5). This suggested that only high abundances of this 

taxon yielded effective pollen rain. Quercus and Styloceras were hardly found at all. 

Several taxa which showed their optimum as plant in the páramo relevés were 

grouped as forest taxa by Bakker et al. (2008) and Moscol Olivera & Cleef (2009a,b), as 

a consequence of the opening of the upper Andean forest cover by recent fires, and 

the migration of subpáramo taxa into these gaps. Of these, Hypericum and Myrtaceae 

(excluding Myrteola) show a fairly high degree of pollen representation (as páramo 

taxa). Gaiadendron was frequently found in both páramo relevés and forest relevés, 

both as plant and in pollen rain, yielding a high degree of representation. Fabaceae 

was only found as plant in páramo, leading to underrepresentation. 

Polylepis/Acaena, Acalypha, Alchornea, Alnus, Amarathaceae/Chenopodiaceae, 

Bocconia, Cecropia, Coriaria, Gunnera, Juglans, Myrica, Podocarpus, Thalictrum, 

Trema, and Urticaceae/Moraceae were found in the pollen rain of both forest and 

páramo plots but were not recorded as plant in the vegetation relevés where pollen 

rain was measured (Urticaceae/Moraceae as plant in only one forest relevé), pointing 

at some degree of overrepresentation. Apart from Cecropia, which showed high pollen 

rain percentages (well above 5%) in five páramo traps, the pollen rain percentages of 

these taxa were low (generally <2%).  

3) Other flowering taxa3) Other flowering taxa3) Other flowering taxa3) Other flowering taxa    

Asteraceae was seen by Bakker et al. (2008) and Moscol Olivera & Cleef (2009a,b), as 

both páramo and SARF element. Its optimum as plant, in the centre of the ordination 

diagram (Fig. 5) corresponded well to this classification. Plants and pollen rain of 

Asteraceae were recorded frequently resulting in a high pollen representation. 
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Cyperaceae stood out for its high representation. While this taxon was recorded in 

both páramo and forest plots, it clearly preferred páramo (average pollen rain and 

plant cover of 8%) above forest (average pollen rain and plant cover < 0.5%). Myrteola 

showed a fair degree of pollen representation and was only registered in páramo, as 

plant or pollen rain (percentages < 1%). Xyris showed a high Davis index, but was only 

recorded as pollen rain in the páramo bog plot. 

Brassicaceae, Rumex, Dodonaea, Plantago and Solanaceae were found in the pollen 

rain of both forest and páramo plots but were not listed as plant, yielding general 

degrees of overrepresentation. Also Myriophyllum and Pinus lacked records as plants, 

but were only found as pollen rain in páramo. Rumex was most frequently found, and 

with fairly high pollen rain percentages (average of 5% in forest, and páramo, and 9% 

in cultivated fields). The pollen rain percentages of the other taxa were low (generally 

<0.5%).  

4) Fern taxa 4) Fern taxa 4) Fern taxa 4) Fern taxa     

Jamesonia showed a high representation and was recorded frequently in páramo, with 

its spores and as plant. Spores from Cyathea were restricted to páramo, but as plant 

this taxon was only found in one forest relevé. Spores of Lycopodium were found 

frequently in both forest and páramo, but plants of Lycopodium preferred páramo. 

Spores from Elaphoglossum and Polypodium were also found frequently in forest and 

páramo (Polypodium with higher percentages in forest than in páramo), but plants 

from these taxa favored forest. Isoëtes and Pityrogramma occurred only in pollen rain. 

Link of pollen representation with dispersal syndromeLink of pollen representation with dispersal syndromeLink of pollen representation with dispersal syndromeLink of pollen representation with dispersal syndrome    

A total of 25 pollen taxa showed wind-dispersed pollination (Table 2). Wind-dispersed 

pollination was preferentially found among overrepresented pollen taxa in páramo 

(Table 3a). For taxa which were overrepresented in forest this preference was slightly 

less obvious. Pollen taxa which were underrepresented showed less wind-dispersed 

pollination syndromes than other pollination syndromes, in both forest and páramo 

(Table 3b). Wind pollination did not prevail among those taxa which were well 

represented (Table 3c). 

Comparison with other areasComparison with other areasComparison with other areasComparison with other areas    

Pollen representation levels from vegetation studies in Colombian Andes were 

reclassified into three categories (overrepresented, underrepresented and well 

represented; Table 4) in order to allow comparison with the Guandera data. Only those 

data were selected which came from Andean forests (Grabandt, 1980; Rangel-Ch., 

2005b) or páramo vegetation (Grabandt, 1985; Rangel-Ch., 2005a), separately. 

Information from continuous forest-páramo transects (e.g. Melief, 1984, 1985; Witte, 

1994) was not considered. 
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Table 3.Table 3.Table 3.Table 3. Contingency tables of pollination syndrome versus representation, as derived from 
Table 2. P is the probability of the Fisher exact test (Zar, 1984). For a) the null 
hypothesis states: the proportion of wind-dispersed taxa which are 
overrepresented is not larger than the proportion of non-wind-dispersed taxa, and 
the alternative hypothesis states: the proportion of wind-dispersed taxa which are 
overrepresented is larger than the proportion of non-wind-dispersed taxa. For b) 
the null hypothesis states: the proportion of wind-dispersed taxa which are 
underrepresented is not smaller than the proportion of non-wind-dispersed taxa, 
and the alternative hypothesis states: the proportion of wind-dispersed taxa which 
are underrepresented is smaller than the proportion of non-wind-dispersed taxa. 
For c) the null hypothesis states: the proportion of wind-dispersed taxa which are 
well-represented is not different than the proportion of non-wind-dispersed taxa, 
and the alternative hypothesis states: the proportion of wind-dispersed taxa is 
different from the proportion of non-wind-dispersed taxa. 

 

 

a)

yes no yes no

Wind pollination yes 6 19 yes 18 7

no 4 45 no 23 26

P 0,067 P 0,035

b)

yes no yes no

Wind pollination yes 3 22 yes 0 25

no 16 33 no 8 41

P 0,047 P 0,03

c)

yes no yes no

Wind pollination yes 11 14 yes 5 20

no 19 30 no 14 35

P 0,803 P 0,576

Overrepresented in forest Overrepresented in páramo

Underrepresented in forest Underrepresented in páramo

Well-represented in forest Well-represented in páramo
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Only a few pollen taxa were shared between Guandera and the studied areas in 

Colombia: 19 taxa with the pollen rain from Andean forest in the Eastern Cordillera 

extensive (Grabandt, 1980), 27 taxa with pollen rain from her páramo data (Grabandt, 

1985), and between 14 and 19 taxa with the pollen rain from Andean forest and 

páramo in the Tátama area of the Western Cordillera (Rangel-Ch., 2005a,b).  

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION 

Páramo, Andean forest, and cultivated fields and meadows in the Guandera area 

yielded distinct modern pollen spectra, showing the potential to distinguish these 

vegetation types in pollen records (Bakker et al., 2008). Spectra in moss polsters and 

pollen traps were related to these vegetation types in a similar fashion (as shown by 

the RDA; Fig. 4), yielding a sound justification for the lumping of trap and moss 

polster data applied in the subsequent analyses. There are several explanations for 

this high degree of similarity. Moss polsters and atmospheric pollen traps 

predominantly collect aerial pollen from local and regional sources (Fall, 1992). The 

differences in species composition and vegetation structure between the vegetation 

types are strong (as illustrated by the CA analysis in Fig. 5). The different vegetation 

types are spatially well separated along the altitudinal gradient (Fig. 2), especially the 

páramo from the forest (with the exception of the páramo patch in the forest matrix 

and a forest island surrounded by páramo; see further).  

Because most forest relevés were located downslope of the páramo relevés and 

because the altitudinal gradient was fairly short, it was hard to separate an altitudinal 

effect (Davies & Fall, 2001; Weng et al., 2004) from that of vegetation type (Mazier et 

al., 2006). However, the modern pollen spectrum from one páramo patch in a forest 

was similar to the spectra of the surrounding forest. Likewise, the modern pollen 

spectrum from a forest patch in páramo strongly resembled the spectra from the 

nearby páramo matrix. These phenomena were also reported by Wille et al. (2002) in a 

páramo area in mid-Ecuador, and suggest that the contribution from local vegetation 

sources prevailed above an elevational influence. The distinct position of the modern 

pollen spectra of cultivated fields and meadows was mostly due to the absence of 

pollen taxa typically found in a páramo or a forest. Wille et al. (2002) reported a lack 

of trees in the pollen spectrum of páramo relevés when the nearby Andean landscape 

was deforested. Our study suggests that wide-scale deforestation in the Andes of 

Ecuador might substantially reduce the pollen input typically seen as representative 

for the Andean forest zone. Also, intensive land-use practices in páramo might 

diminish the pollen signal taken as indicative of páramo. Thus, in a landscape with 

significant anthropogenic disturbance establishing relationships between pollen rain 

and vegetation is loosing its relevance to serve the interpretation of pollen records. 
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Pollination syndromes explained the degree of over, under, and equal pollen 

representation: pollen taxa with wind-dispersed pollination syndromes were 

overrepresented, whereas underrepresentation prevailed among pollen taxa which 

lacked an anemophilous pollination syndrome. Yet, there was no symmetry in pollen 

representation around the forest-páramo transition. We found 29 out of 42 forest 

pollen taxa overrepresented in páramo, and only 4 out of 12 páramo pollen taxa 

overrepresented in forest. This pattern points at a more effective upslope transport of 

forest pollen into a páramo compared to a downward transport of páramo pollen taxa 

into a forest, due to frequent upslope wind directions or a strong filtering of airborne 

pollen by the forest canopy (Solomon & Silkworth, 1986; Bush, 2000; Ortu et al., 2006). 

With the necessary prudence to infer conclusions from a small data set which is 

collected over a short time lapse (Jackson & Wong, 1994), our results hint at pollen 

signals of Clusia, Ilex, Weinmannia (only with high percentages), and to a lesser degree 

Peperomia and Clethra, as most appropriate to infer local presence of forest. Pollen 

from Puya, Apiaceae, Poaceae (only with high percentages), and Cyperaceae came out 

as best candidates to infer the presence of páramo vegetation. Pollen taxa 

representative of human impact (cultivation, grazing, and deforestation) were hard to 

give, as the modern pollen spectra in disturbed vegetation types were strongly 

reduced in taxon richness. Rumex, which is commonly used as a human impact 

indicator, was frequently and abundantly registered everywhere, and therefore 

overrepresented in both páramo and forest. In general, methodological differences 

such as different pollen sums and different basis to estimate plant cover percentages, 

variable size of pollen collection site, and divergent size of the overall survey area 

reduce the relevance of comparisons between sites. The representation levels at the 

Guandera site may have been influenced by local variation in relief and topography 

(Solomon & Silkworth, 1986), which were cancelled out in studies from larger areas 

(Grabandt, 1980, 1985). The abundant cover of Quercus in many forest relevés in 

Colombian Andes reduces the relative cover of many other forest taxa, and this effect 

is lacking in the Andes of Ecuador (Weng et al., 2004). 

Because of the limited data set we should anticipate for a considerable degree of 

uncertainty with respect to the estimates of the Davis index and the optima for both 

pollen and plant taxa in the CA diagram. Linear regression between pollen rain 

percentages and plant cover percentages (Webb et al. 1981; Parsons & Prentice, 1981) 

is usually applied to far more than 30 paired pollen rain-vegetation samples, and was 

therefore not attempted. For the same reason, R values (Davis, 1963; Andersen, 1970; 

Birks & Gordon, 1985; Jackson, 1994) or t/p values (or analogue values called t'/p', 

v/p; Grabandt, 1980, 1985) were not calculated. Yet, our data are a guide to interpret 

pollen records from this part of the Andes. In the tropics there is a great need in 

pollen rain-vegetation studies (Gosling et al., 2003; Weng et al., 2004). 
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The association index of Davis (1984) is based on binary data (presence-absence) per 

pollen taxon, and is related to the coefficient of Reyssac & Roux (1972), which has 

been used for assessing the association between species (Legendre & Legendre, 1998) 

(see also Berrío et al., 2003). The CA diagram (Fig. 5), on the other hand, represents a 

projection in few dimensions of the main variation in (log-transformed) cover data of 

the plant species in the vegetation (Gauch, 1982). Including pollen taxa as 

supplementary variables (ter Braak & Smilauer, 2002) yielded information on the 

optimal position (estimated as the average relevé score of the ordination axis where 

the pollen taxon is recorded, weighted by the pollen taxon percentages) of both source 

and destination of pollen rain along the principal underlying gradients in the 

vegetation. The two dimensional display enhanced the options for a meaningful 

interpretation of pollen representation compared to the association index (Davis 

1984). Long arrows denoted strong differences of pollen rain source and destination 

along the main gradients in vegetation (as estimated by correspondence analysis). 

Elenga et al. (2000) also included both pollen rain samples and vegetation relevés in 

the correspondence analysis to infer pollen representation. They constructed a new 

matrix of rows being the plant taxa in the relevés and columns being the pollen taxa in 

the pollen rain. The values in the cells of this matrix were the number of relevés where 

the taxon was found both as plant in the vegetation and in the pollen spectrum. CA of 

this matrix yielded insight on pollen representation but it did not produce a 

straightforward interpretation of the underlying gradient in the vegetation. Applying 

both pollen rain percentage and plant cover to construct the ordination diagram is 

hampered by the different bases used to calculate the percentages. For pollen taxa this 

basis was the sum of all pollen counts per relevé and for plants it was the total relevé 

area. Weng et al. (2004) advocated the use of presence-absence data in pollen rain 

studies, as these would better reflect ranges in pollen types rather than local 

abundances. 

CONCLUSIONSCONCLUSIONSCONCLUSIONSCONCLUSIONS 

Páramo, Andean forest, and cultivated fields and meadows in the Guandera area 

yielded distinct modern pollen spectra, showing the potential to distinguish these 

vegetation types in pollen records. Spectra in moss polsters and pollen traps (one year 

collection period) were equally rich in pollen taxa (in total, and on average per 

sample), and were related to these vegetation types in a similar fashion. 

The modern pollen spectrum from patches of a vegetation type resembled those of 

the surrounding matrix (whether a páramo patch in forest or  a forest patch in 

páramo), suggesting that the contribution from local vegetation sources prevailed 

above an elevational influence.  

The modern pollen rain in cultivated fields and meadows lacked pollen taxa typically  
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found in páramo or forest, suggesting that wide-scale deforestation in the Andes of 

Ecuador might substantially reduce the characteristic pollen input from the Andean 

forest zone whereas intensive land-use in páramo might diminish the typical pollen 

signal from páramo. 

Pollen taxa with wind-dispersed pollination syndromes were overrepresented, whereas 

underrepresentation prevailed among pollen taxa which lacked an anemophilous 

pollination syndrome. 29 out of 42 forest pollen taxa were overrepresented in páramo, 

and only 4 out of 12 páramo pollen taxa overrepresented in forest, pointing at a more 

effective upslope transport of forest pollen into páramo compared to a downward 

transport of páramo pollen taxa into the forest. 

Pollen signals of Clusia, Ilex, Weinmannia (only with high percentages), and to a lesser 

degree Peperomia and Clethra, seemed best to infer local presence of forest. Pollen 

from Puya, Apiaceae, Poaceae (only with high percentages), and Cyperaceae  point at 

the presence of páramo vegetation.  

By adding modern pollen taxa as supplementary variables in a CA of vegetation 

relevés a two dimensional display of both source and destination of modern pollen 

rain along the underlying gradients in the vegetation was obtained. This enhanced the 

options for a meaningful interpretation of pollen representation. 
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