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ABSTRACT

The main results of a study of pollen representation in surface soils from different plant communities in the upland sa-
vannas of Guayana were presented. The representation of savanna herb pollen mainly belonging to the Poaceae and Cy-
peraceae was high in open communities such as fernlands, grasslands and Mauritia palm swamps, but decreased as
vegetation structure became more closed and woody; from savanna-forest borders to secondary forests and lastly, ever-
green montane forests; mimicking the gradient of vegetation openness observed in living plant communities. Thus, the
proportion of savanna herb pollen in herbaceous communities: swamps, fernlands and grasslands, reached over 80%
and arboreal pollen contributed less than 10%. This ratio changed in savanna-forest borders where savanna herb pollen
decreased to 60% or less and the proportion of arboreal pollen rose to 30% or higher. Lastly, in forest soils, pollen
abundances from trees (Dimorphandra, Protium, Schefflera), shrubs (Miconia and other Melastomataceae) and lianas
contributed higher than 60% of the pollen sum, even in open gallery forests and fallows. The lack of pollen from cas-
sava, the main crop in the forests of the region, at these sites was remarkable. The ordination of sediment samples from
4 records from the Late Holocene with respect to the soil surface samples studied, showed that the characterization of
pollen rain was useful for identifying long-term compositional and structural changes in the sedimentary records, thus
providing objective indicators for the interpretation of past vegetation structure.
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1. Introduction been lacking. Furthermore, many important plant asso-
ciations in the Guayana uplands have not been charac-

. terized fi the palynological point of view, includi
the upland savannas of Guayana, in Southeast Venezuela, erizec rom He parynoiogica’ potit ot VIEW, MEudis
gallery forests and montane forests on welldrained soils,

over the last few years [1-7]. However, the interpretation which represent more than 70% of regional plant cover
of palynological data has been supported by few pollen [10]

rain studies (see for example references [8,9]). Since the
main goal of paleoecological studies in the region is to
understand the factors influencing the apparently ano-
malous coexistence between evergreen forest and treeless
savannas, the palynological characterization of forest, sa-
vannas, and the transitional communities between them
is strongly required. However, up until now, a broad stu-

Several paleocological studies have been carried out in

In the last decades, the necessity of improving the pa-
leoecological interpretation of data from the neotropical
lowlands, uplands and highlands, has led to an increasing
number of pollen rain studies, some of the most notable
being the study of pollen representation in soils from
Costa Rican ecosystems by reference [11], studies done
on pollen rain along altitudinal gradients [12-16] and

dy of modern pollen deposition patterns among different  those undertaken by references [17,18] in coastal com-
plant communities in the current vegetation mosaic has  mynities. Published analyses of pollen production-dis-
“Corresponding author. persal in tropical rainforests, deciduous forests and sa-
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vannas of Central America, the Amazon and Orinoco
Basins have suggested ways for improving the interpre-
tation of pollen abundance from tropical plant genera and
families [19-30]. Likewise, the compilation of pollen
types present in different regions and environments in a
unique Latin American Pollen Data Base (LAPD) has
proved a valuable tool for the interpretation of the occur-
rence of pollen-types, and their relation with environ-
mental constraints [31]. However, the usefulness of re-
sults from these initiatives in the interpretation of pollen
assemblages in a given region is sometimes limited, as
these studies have still not managed to cover the impres-
sively high diversity of plant associations found in the
Neotropics. This is especially true of the Guayana up-
lands, where the unique geology and flora of the area has
made studies of plant ecology difficult to compare with
data from similar studies performed in other parts of the
Neotropics.

Here we present the results of a study of pollen repre-
sentation done in 30 plant communities in the upland
savannas of Guayana, as a contribution for the develop-
ment of tools and indicators for the study of forest-sa-
vanna dynamics. Although we did not cover the total di-
versity of plant communities present in the area, some
communities never studied in earlier initiatives, such as
evergreen terra firme forests, evergreen gallery forests,
slash and burn fallows, savanna/forest borders, and fern-
lands, were included. We included human-made forest
gaps in the study in order to look for palynological indi-
cators of human activities. The ordination of samples
from soil profiles and sediment cores with respect to the
modern samples showed that pollen rain characterization
was useful for the identification of long-term composi-
tional and structural changes in the sedimentary records,
thus providing us with objective indicators for the inter-
pretation of long-term vegetation changes.

2. Study Area
2.1. Location and Environmental Setting

The upland savannas of Guayana are located in Southeast
Venezuela, between 4°N - 6°N (Figure 1). Geologically
they are situated on the Precambrian Guayana Shield that
constitutes one of the oldest basement rock formations in
the world. This plateau, between 800 and 1.500 masl in
the southeast portion of the Canaima National Park, is
known as Gran Sabana, and is famous worldwide for the
presence of prominent sandstone Table Mountains (local-
ly called tepuis).

The climate in the Gran Sabana plateau is humid sub-
mesothermic, with mean air temperatures between 17°C -
24°C and mean annual rainfall around 1.600 - 4.000 mm
[32,33]. The temporal rainfall pattern is unimodal, gen-
erally with a short, mild dry season from January to
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March, coinciding with the southward migration of the
ITCZ [32].

The main parent materials in the Gran Sabana origin-
nate from sedimentary rocks produced over the geologi-
cal eras by the weathering, leaching and erosion of the
Precambrian basement rocks. These last are made up of
the ancient sandstones of the Roraima Group, which pro-
duces very acidic (pH 3.5 - 4.5) and cation depleted soils,
rich in aluminum complexes [34,35].

2.2. Present Vegetation and Human Occupation
in the Study Area

Although the principal vegetation types in the region are
evergreen montane and gallery forests, in the Gran Sa-
bana savannas represent almost 1/3 of total plant cover
[10]. In some areas, such as the eastern sector, these sa-
vannas constitute the main vegetation matrix, and forests
together with other plant associations are patchily distri-
buted (Figure 2(A)).

The Gran Sabana forms a part of the ancestral lands of
the Pemon Amerindians, whose main activities are slash
and burn agriculture and hunting, using fire extensively
in all their activities. Recent evidence indicates that the
region may have been occupied by humans for millennia
[6,7]. Human use of forests creates a large variety of se-
condary woody formations such as fallows of different
ages after slash and burn agriculture. In addition, the Pe-
mon burn the savannas systematically [36,37], promoting
heterogeneity in the structure of the vegetation through
the creation of mosaic-patch-burning [38,39].

2.2.1. Forests

According to the literature, regional forests can be clas-
sified as mature tall forests, secondary forests and “ma-
torrales” [40,41]. Trees in tall forests are usually about
30 m high, in secondary forests around 15 - 20 m high,
and below 15 m in the “matorrales” [40,41]. Gallery fo-
rests are also very important in the area, forming thin, but
not always continuous, belts along rivers. These types of
forests are made up of medium high trees (around 15 m
high) and are relatively open (with a high density of li-
anas and epiphytic plants). All forest formations are ever-
green.

Vegetation composition seems to be similar between
forests, although dominance and structure change ac-
cording to the degree of disturbance and other features,
such as slope, soil quality and the presence of rivers and
streams [40]. Members of the Lauraceae family are gen-
erally dominant (mainly Ocotea species), as are those of
the Fabaceae (Dimorphandra macrostachya, Tachigali
guianensis, Alexa sp.), Annonaceae (Anaxagorea sp.),
Flacourtiaceae (Eucearea nitida), Chrisobalanaceae
(Hirtella sp., Licania sp.), Malpighiaceae (Byrsonima
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Figure 1. General location of the Gran Sabana and localities studied (1 - 30). “Ariwe Fernland”, “El Oso Forest”, “Quebrada
Pacheco Swamp” and “Colonia Fernland” are identified by the numbers 21, 12, 30 and 17 respectively.

Figure 2. (A) View of the north-eastern sector of the Gran Sabana showing the predominance of treeless savannas, and the
patchy distribution of forests; (B) Broadleaved grasslands dominated by Stegolepis ptaritepuiensis; (C) Pteridium aracnoideum
fernland forming a belt in a savanna-forest transition; or (D) accompanied by Cyathea sp., as patches in the savanna matrix.
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stipulacea), Sapotaceae (Pouteria bangii), Burseraceae
(Protium heptaphyllum), Caryocaraceae (Caryocar mon-
tanum), Lecythidaceaec (Eschweilera sp.), Araliaceae
(Schefflera sp.) and Vochysiaceae (Ruizterania ferrugi-
nea, Vochysia sp.) [40,42-44]. The Arecaceae are mainly
represented by Euterpe sp. and Geonoma sp. [42-45]. In
the matorrales, Vismia (Clusiaceae), Myrcia (Myrtaceae),
Miconia (Melastomataceae) and Clethra (Clethraceae)
have been identified as the dominant genera [43]. It is
important to note the absence of many pioneer genera,
which are otherwise very common in the Neotropical
lowlands and uplands. For example, Cecropia (Cecro-
piaceae) is only found in a very few places in the Gran
Sabana where apparently more fertile conditions, such as
areas with diabase intrusions, are found [41].

2.2.2. Savannas

Savannas are dominated by Trachypogon spicatus, Axon-
pus anceps (Poaceae) and many Cyperaceae species, for
example, Bulbostylis paradoxa, Lagenocarpus rigidus
and Hypolytrum pulchrum [46-50]. In these savannas Po-
aceae and Cyperaceae are co-dominant, with Cyperaceae
accounting for c.a. 50% of the total above-ground bio-
mass [38].

Another particular characteristic of these savannas is
that they lack several typical tree species normally found
in Neotropical savannas, such as Curatella americana
and Byrsonima crassifolia [38,45,51]. The first of these
is totally absent in the uplands and the second is only
seen in a few places to the south [47] and northwest. The
Gran Sabana savannas are, in fact, treeless, and only
dwarf shrubs of Byrsonima verbascifolia may be ob-
served. Other ligneous dicots belonging to the Melas-to-
mataceae, Asteraceae, Clusiaceae and Rubiaceae are almost
completely restricted to savanna-forest borders or grow
on termites’ nests in savannas close to forested areas [50].
Arboreal and herbaceous legumes are also totally absent
from these savannas [38,51].

2.2.3. Savanna-Forest Borders

According to references [34,43,52], a gradual transition
of woody communities from savannas to tall forests can
sometimes be observed: from savannas to matorrales,
matorrales to secondary forests, and secondary forests to
tall forests. In the Gran Sabana, stands of Vismia, Myrcia,
Miconia and Baccharis (Asteraceae) are followed by se-
condary forests with Clusia, Myrsine and Humiria, and
then tall forests dominated by Dimorphandra macro-
stachya, Euterpe, Tachigali and Eucearea. Other savan-
na-forest borders are characterized by the presence of
Microlicia (Melastomataceae), Miconia, Vismia and Clu-
sia or by Pteridum aracnoideum fernlands, which are
more or less represented by woody elements and young
trees [50].

Copyright © 2013 SciRes.

2.2.4. Other Communities

Many other communities are also present in the region
including broadleaved grasslands (so called “herbazales”)
unique to the Guayana Shield (Figure 2(B)) dominated
by Stegolepis ptaritepuiensis (Rapateaceae) [46,47,53].
In the floodplains and riversides to the south below 1.000
m masl, palm swamps dominated by Mauritia flexuosa
(Arecaceae) together with Poaceae, Cyperaceae and a va-
riable woody component are also present [47]. Fernlands
dominated by Pteridium aracnoideum are also found as
transitional belts along savanna-forest boundaries (Fig-
ure 2(C)) or, accompanied by Cyathea sp., in topogra-
phic depressions (Figure 2(D)) forming patches in the
treeless savanna. The shrublands of the Guayana up-
lands are also a particular and well defined type of vege-
tation, growing mainly in sandstone outcrops, white
sands, or less frequently, peat bogs [47].

3. Methods
3.1. Sampling and Laboratory Procedures

Surface soil samples for pollen rain characterization were
recovered from 30 sites (see Figure 1 for relative loca-
tions). These included gallery and montane forests, fal-
lows, savanna-forest borders, swamps, mires and fern-
lands. The main features of the selected communities are
summarized in Table 1.

Four of the localities along savanna-forest borders or
rivers were selected for the study of past vegetation dy-
namics: “Ariwe Fernland”, “El Oso Forest”, “Quebrada
Pacheco Swamp” and “Colonia Fernland” (Figure 1).
Three of these communities where located on well-drain-
ed soils, while Quebrada Pacheco Swamp was located in
a flooded valley. The principal characteristics of these
study sites are summarized in Table 2.

Samples for modern pollen rain characterization were
taken from the first 2 cm of surface soil. Each sample
was composed of 5 sub-samples taken in a % ha plot, in
order to ensure representativity (following [11]). Sedi-
mentation rates obtained by [7,8] indicate that these 2 cm
probably represent the last c.a. 50 years of pollen accu-
mulation.

In Ariwe Fernland and Quebrada Pacheco, cores of
194 and 200 cm, respectively, were taken with a Dach-
nowski corer, while in ElI Oso Forest and Colonia Fern-
land soil profiles 1 m deep were manually excavated just
within the forest border, and samples were taken at 10
cm intervals.

An aliquot of 2 cm® for every soil or sediment sample
was taken for pollen analysis and standard methods of
acetolysis and the removal of silicates and humic acids
were used for sample preparation [54-56]. Lycopodium
tablets were added before preparation to estimate the
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Table 1. Main features of the study sites selected for the pollen rain characterization. Numbers correspond to the localities

shown in Figures 1, 3 and 5(a).

Site (Altitude masl)

Vegetation type

1 Kumaracapay Forest 1 (950) Slash & burn fallow surrounded by tall forests and treeless savannas
2 Kumaracapay Forest 2 (950) Slash & burn fallow surrounded by tall forests and treeless savannas
3 Kumaracapay Forest 3 (850) Tall montane forest surrounded by slash & burn plots and treeless savannas
4 Kumaracapay Forest 4 (850) Disturbed forests bordering the main regional highway
5 Kumaracapay Forest 5 (950) Tall montane forest surrounded by slash & burn plots and treeless savannas
6 San Ignacio Forest 1 (890) Tall montane forest, not cultivated, surrounded by treeless savannas
7 San Ignacio Forest 2 (890) Tall montane forest, not cultivated, surrounded by treeless savannas
8 Arautaparu Forest (1.260) Gallery forest patch no more than 500 m perimeter in a treeless savanna matrix
9 Kamoiran Forest (1.200) Gallery forest patch no more than 800 m perimeter in a treeless savanna matrix
10 El Pauji Forest (1.080) Tall montane forest with slash & burn plots neighboring treeless savannas
11 Mantopai Forest (1.100) Gallery forest patch in a treeless savanna matrix
12 El Oso Forest (1.100) Gallery forest patch ca. 800 m perimeter in a treeless savanna matrix
13 Jaspe Forest (900) Very thin and open “matorral” along the Jaspe stream
14 Jaspe Savanna/Forest (900) Woody forest-savanna transition 2 - 3 m long
15 Kamoiran Savanna/Forest (1.250) P. aracnoideum fernland 3.5 m long in a forest-savanna transition
16 Chivaton Savanna/Forest (1.200) P. aracnoideum fernland 5 m long in a forest-savanna transition
17 Waramasén Savanna/Forest (1.090) P. aracnoideum fernland 8 m long in a forest-savanna transition
18 Liworiw6 Grassland (1.300) Broadleaved Stegolepis and Brocchinia grassland in a treeless savanna matrix
19 Liworiwo6 Fernland (1.300) P. aracnoideum and Cyathea sp. fernland patch in a treeless savanna matrix
20 Luepa Fernland (1.350) P. aracnoideum and Cyathea sp. fernland patch in a treeless savanna matrix
21 Ariwe Fernland 1 (1.210) P. aracnoideum and Cyathea sp. fernland patch in a treeless savanna matrix
22 Ariwe Fernland 2 (1.210) P. aracnoideum and Cyathea sp. fernland patch in a treeless savanna matrix
23 Awarkay Fernland (1.200) P. aracnoideum and Cyathea sp. fernland patch in a treeless savanna matrix
24 Kumaracapay Swamp 1 (880) Mauritia swamp with abundant woody component
25 Kumaracapay Swamp 2 (880) Mauritia swamp with a low woody component
26 Kukenan Swamp 1 (900) Mauritia swamp with a low woody component
27 Kukenan Swamp 2 (900) Mauritia swamp with a low woody component
28 Mapauri Swamp 1 (950) Mauritia swamp with a low woody component
29 Mapauri Swamp 2 (950) Mauritia swamp with abundant woody component
30 Quebrada Pacheco Swamp (1.050) Mauritia swamp with a low woody component
Table 2. Main features of the study sites selected for the sampling of sedimentary records.
Coalty Lo AR g gaion St Loeatondl - rype ong
Ariwe Fernland 05°43'08"N sandstone Pteridium aracnoideum Treeless savannas with ~ Riverside, within Core 194 m
61°33728”W/1.250 fernland patches of gallery forests fernland
Small gallery forest patch
El Oso Forest 61 8?,21(5:%;2\1 259 sandstone (8(()1(c))nr?i1£);ré(rin li;er) Treeless savannas with Savanna-forest Soil profile 80 cm
. Dimorphandra patches of gallery forests border
macrostachya
Pac(l?:::giv%jlmp 61°0 653473'54”9\:\?1 040 sandstone  Mauritia flexuosa swamp pZtr:}ileZS(S) fs gzﬁzﬁ;zz?ﬁs Within palm swamp  Core 190 cm
Montane forest dominated
Colonia 473328'N diabase Rﬁlcigcr);l:z ,S\éﬁgpf{:;:: E:r?s%sr f;ﬁﬁ;’:etiiz izzzzrn,a\:vfﬁfﬁ;t Soil profile 90 cm

Fernland 61°11°58”W/1.100

with many slash & burn

savanna patches Pteridium fernland

plots and fallows
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concentrations of individual pollen types and ecological
groups [57].

Palynomorphs were quantified by preparing slides
with a glicerin-glicerinated gelatin mixture and then
counting them using a light microscope. At least 300
pollen grains from terrestrial taxa were counted for most
samples. Pollen was identified to either family or genus
level, and spores were classified into types following the
pollen & spores atlases compiled by [58-63].

For AMS radiocarbon dating, samples from cores and
soil profiles were selected and sent to the GADAM Cen-
tre in Gliwice, Poland. Dates were calibrated with Calib
5.01 (Stuiver & Reimer 1986-2011, available at:
http://calib.qub.ac.uk/calib/).

3.2. Data Analysis and Presentation

The pollen data is presented as percentages of the terres-
trial pollen sum including all pollen sourced from terres-
trial taxa. Ferns, fungi and algae and other azonal taxa
(such as aquatic taxa) were considered separately. Pollen
from Cyperaceae species was considered within the pol-
len sum, since this family represents an important com-
ponent of savanna communities [38]. All the pollen from
woody taxa and legumes was considered in the “forest
trees, shrubs or liana groups”, since even species of As-
teraceae, Melastomataceae, Rubiaceae, Euphorbiaceae
and Fabaceae families, were strongly restricted to forest
communities or ecotones in our study area [50].

The abundance of each individual taxon and that of the
ecological groups considered at each site were plotted in
pollen diagrams with PSIMPOLL 4.10, PSCOMB 1.04
free software following Bennett (2002), available at:
http://chrono.qub.ac.uk/psimpoll/psimpoll.html. For the
pollen rain samples, all taxa with percentages higher than
1% are shown in the pollen diagram. The rest are listed
in Table 3. In the case of the sedimentary records, only
the sum of the pollen for each of the ecological groups
are shown, together with charcoal particles >100 um, and
fungi, algae and aquatic plant concentrations.

Principal Component Analysis (PCA) based on the

Euclidean distance was performed with MVSP 3.1 to
obtain an ordination of localities with respect to their
pollen spectra. The results of these analyses are shown in
two Euclidian biplots (Figures 5(a) and (b)).

4. Results and Interpretation
4.1. Modern Pollen Representation in Soils

A total of 76 terrestrial pollen types, 16 types of fern
spores and 4 pollen types from aquatic plants were found
in the modern samples analyzed. All the terrestrial pollen
is listed in Appendix 1 and the best represented taxa are
also included in the pollen diagram (Figure 3). In this
diagram, samples were ordered by the increasing per-
centage of savanna herbs, giving three main pollen
groups or assemblages: 1) forests, 2) savanna-forest bor-
ders and 3) swamps/fernlands/grasslands. These assem-
blages are described as below.

4.1.1. Forests

Within the forests, 70% - 90% of pollen collected was
from forest trees, shrubs and lianas (Figure 3). Pollen
from savanna herbs came to between 10% - 30%, with
Poaceae as the best represented family. Indeed while pol-
len from members of the Cyperaceae exhibited values of
between 0% - 5% in forest samples, pollen from the
Poaceae was generally around 1% - 25% (Figure 4). In
addition, the percentages of pollen from both these fami-
lies: Poaceae and Cyperaceae were higher in gallery for-
ests and fallows than in closed montane forests (Figures
3 and 4).

As regards pollen composition, the pollen types best
represented from woody elements were: Dimorphandra,
Pourouma, Pouteria/Chrysophyllum, Protium, Schefflera,
llex, Asteraceae, Miconia and Blepharandra (Figure 3).
Pollen from other genera, for example, Clusia, Pouteria,
Euceraea, Qualea, Mabea, and genera not shown in
Figure 3 but recorded in Table 3, such as Caryocar,
Caraipa, Cordia, Euplassa, Tachigali, Tapura and Vo-
chysia were only recorded at very low abundances.

Table 3. Radiocarbon dates and calibrated dates in bulk samples for the soil profiles studied. AF = Ariwe Fernland, OF = El
Oso Forest, QPS = Quebrada Pacheco Swamp, and CF = Colonia Fernland.

Sample-depth (cm) Present vegetation ¥C date Cal. age (yr BP) Laboratory N°
AF-46 Fernland 850 (+/-40) 683 - 802 GdA-1671
AF-120 Fernland 2.080 (+/-25) 2.040-2.176 GdA-1662
OF1-40 Savanna-forest border 200 (+/-25) 145 - 190 GdA-2066
QPS-90 Mauritia swamp 605 (+/-25) 576 - 652 GdA-1663
QPS-259 Mauritia swamp 1.250 (+/-60) 1.056 - 1.293 GdA-1668
HC-35 Savanna-forest border 515 (+/-25) 507 - 554 GdA-2063
HC-91 Savanna-forest border 1.535 (+/-25) 1.356 - 1.448 GdA-2065
Copyright © 2013 SciRes. AJPS
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Figure 3. Pollen diagram of surface soil samples. The pollen sum for each ecological group is also shown. Dots represent val-
ues less than 5%.
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Figure 4. Relationship between Poaceae (a) and Cyperaceae
(b) pollen percentages and the representation of forest trees,
shrubs and lianas in the 30 localities studied.

We expected to find pollen grains from cultivated
plants in some of the soils studied, especially in the Ku-
maracapay fallow forests; sites 1 and 2 (Appendix 1). At
these sites, Manihot esculenta (cassava) and Zea mays
(corn) were cultivated only a few years ago, however,
pollen from these cultigens was absent in surface soils.
Pollen types from the Lauraceae were also absent in spite
of the fact that this has been identified as a dominant
family in Guayanese forests [40,42,44].

It is important to note that despite the high similarity
exhibited in the pollen rain collected from different forest
soils, some pollen types, such as Dimorphandra and
Schefflera showed different abundances in different sec-
tors of the Gran Sabana. Thus, Dimorphandra pollen was
abundant in some gallery forests in the northern and cen-
tral sectors, but was almost absent from forests in the
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south, for example, Kumaracapay, San Ignacio and El
Pauji (Figure 3). Conversely, Schefflera-type pollen was
abundant in forests in the southern Gran Sabana, but rare
in gallery forests to the north (Figure 3).

4.1.2. Savanna-Forest Borders

Forest-savanna transitional communities were character-
ized by gallery forest trees, shrubs and lianas contribut-
ing 40% - 60% of the pollen sum with 20% - 50% com-
ing from the Poaceae (Figures 3 and 4(a)). Total ferns,
mainly Lycopodium cernuum, Pteridium and Polypodium
were better represented in bordering areas than in closed
forest (Figure 3). The distribution of Cyperaceae pollen
was similar and around 10% in most savanna-forest bor-
der samples (Figures 3 and 4(b)).

The main pollen types from woody plants were
Sloanea, Schefflera, Protium and Asteraceae. This last
was also better represented along borders than in closed
forests (Figure 3). It is noteworthy that Clusia spp. were
poorly represented in ecotone samples (Figure 3), since
this genus is considered an important component of for-
est edges [50].

4.1.3. Swamps/Fernlands/Grasslands

In general terms, swamps, fernlands and grasslands
showed very similar pollen assemblages, with a very
high abundance, above 70%, of savanna herb pollen
types, and a scarce woody component, generally below
5% and never higher than 20% (Figure 3). Since woody
elements were not well represented in these samples,
pollen-type richness tended to be low (Figure 3); the
Poaceae alone generally accounting for more than 40%
of the pollen sum (Figures 3 and 4(a)). Mauritia pollen
was only present in palm swamps, as expected. Stegole-
pis pollen was not plotted in the summary diagram (Fig-
ure 3) since it was only recorded from the Liworiwo
grassland at very low abundances (lower than 1%).

Fern spores were not significantly more abundant in
fernlands compared to the other communities studied and
showed similar abundances in all the open herbaceous
communities (Figure 3). Only Pteridium-type pollen was
more abundant in Pteridium fernlands than in the other
communities (Figure 3).

Aquatics were only represented by a few grains of
Eriocaulon, Ludwigia, Drosera and Sagittaria (data not
shown) and were recorded from a couple of palm swamps
and one fernland, as can be seen from the sum of aquatic
pollen types presented in Figure 3.

Although Poaceae pollen was considerably higher in
swamps, fernlands and grasslands than in any other com-
munity studied (Figure 4(a)) the abundance of Cypera-
ceae pollen varied between communities (Figure 4(b));
from as low as 2% to as high as 22%.
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4.2. Ordination of Surface Samples

The ordination of the surface soil samples using Principal
Component Analysis is shown in Figure 5(a). The first
component accounted for 54% of the variability and the

second one, 15%. Samples were ordered in a gradient-
like way along the first component, from left to right,
with forests located to the left hand side of the plot, sa-
vanna-forest borders in the center close to some fallow

F " Savanna-forest borders/ Swamps/Fernlands/
orests very open forest Grasslands (a)
5 |
10 A ‘®  Miconia I
|
|
|
> |
—_
$ I 20¢
) | Poaceae
= 0 ° I e
(@) T T T, T s =% 59
E 9 3% 7 } 3 * 240239Cy]:w,raceae
1 |
< * |
108 |
-5 4 I
28 Dimorphandra I ¢ Montane & gallery forests
I ®  Forest/savanna ecotones
-10 1 : ¢  Mauritia palm-swamps
. : | . ® Fernlands & Stegolepis grassland
-10 -5 0 5 10
Axis 1 (54%)
F " Savanna-forest borders/ Swamps/Fernlands/
orests very open forest Grasslands (b)
4 Schefflera
Protium
21 @
S RAA
S o
L4
®, & §° o
NOQ m————— BB S
.2 s .
> ¢ Montane & gallery forests
< N e ¢  Forest/savanna ecotones
21e ©  Mauritia palm swamps
@ Femlands & Stegolepis grassland
* < ElOso Forest
¢  Colonis Fernland
-4 1 ¢  Ariwe Femland
¢ Quebrada Pacheco Swamp
-4

Axis 1 (66%)

Figure 5. (a) Principal Component Analysis (PCA) of pollen rain samples based on 76 terrestrial pollen types. Vectors of
variables with the highest contributions to each ordination axis are shown. Numbers correspond to localities summarized in
Table 1. (b) PCA showing the ordination of samples from sedimentary records together with pollen rain samples. The analy-
sis was based on 97 samples and 114 taxa. Vectors of variables with the highest contribution to each ordination axis are also

shown.
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samples, and herbaceous communities located to the right
(Figure 5(a)). Every point in Figure 5(a) can be iden-
tified by revising the localities listed in Table 1.

The main variables contributing to the ordination of
the first component were Poaceae and Cyperaceae. Hence,
the PCA is reproducing what can be observed from Fig-
ure 3, namely, that it is clear that samples can be ordered
as a function of the contribution of savanna herb vs. ar-
boreal pollen. This is then, a gradient related to the de-
gree of openness of the vegetation from where the sam-
ples were taken.

On the other hand, the two variables with most weight
in the vertical ordination (second component) were Di-
morphandra and Miconia. This second component ap-
parently shows the floristic differences between forest
assemblages, with samples from Kumnaracapay forest,
sites 4 and 5, on the upper left hand side, and the rest of
the forest samples more or less clustered around the cen-
ter left. Kumnaracapay forest sites 4 and 5 are probably
separated due to the high abundance of Miconia recorded
in them and the absence and/or very low frequency of
Dimorphandra (Figure 3).

Savanna-forest border samples were highly correlated,
both with each other and with the fallow samples (Figure
5(a), Table 1), suggesting similar pollen assemblages be-
tween these two community types.

Finally, swamps, fernlands and grasslands clustered
together on the right hand side of the plot (Figure 5(a)),
as a function of Poaceae pollen abundance (increasing
from left to right).

4.3. Vegetation Changes Recorded in the Soil
Profiles

A detailed description of sedimentary records was not a
main objective of this contribution; we only wish to il-
lustrate how modern pollen rain data could be helpful for
describing past vegetation changes. With this in mind,
the vegetation changes observed at the four sites consid-
ered here, Ariwe Fernland, El Oso Forest, Quebrada Pa-
checo Swamp and Colonia Fernland, are concisely des-
cribed in Appendix 2. Additionally, summary diagrams
giving the time series for each ecological group at each
of the four sites are shown in Figures 6-9. Radiocarbon
dates for the four records considered are listed in Table
3.

From Appendix 2, Table 3, and Figures 6-9, it can be
observed that pollen assemblages showed considerable
changes along the depth/age axis in Ariwe Fernland and
Quebrada Pacheco Swamp, but remained more stable in
Colonia Fernland and virtually unchanged in El Oso
Forest. In Ariwe Fernland and Quebrada Pacheco Swamp,
forest types were more frequent at the beginning of the
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record (around 3.400 and 1.000 yr BP, respectively) than
in the top samples, suggesting that vegetation changes
have occurred at both these sites (Appendix 2, Figures 6
and 7). In contrast, in El Oso Forest, the pollen assem-
blages seem to have been quite stable, suggesting that
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Figure 6. Summary diagrams of ecological groups for Ariwe
Fernland. Charcoal, fungi and algae concentrations are also
shown.
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there have been no vegetation changes in the last 500 yr.
BP (Appendix 2, Figure 8). In Colonia Fernland the
proportion of forest to savanna types was significantly
different at the bottom of the core (around 1.400 yr. BP)
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to that registered in recent times, suggesting that the
structure of vegetation has also changed over time at this
site (Appendix 2, Figure 9).

To know what types of communities could be inferred
by the pollen assemblages in the four cores studied, the
samples from the sedimentary records were ordered to-
gether with the surface soil samples of Figure 5(a). The
resulting PCA analysis is shown in Figure 5(b). In this
analysis 80% of data variance was accounted for by the
first two components. It can be observed that the samples
from the sedimentary records were also ordered from left
to right, in a similar way to that of the surface soil sam-
ples in Figure 5(a). Thus, samples from Ariwe Fernland
and Quebrada Pacheco Swamp were distributed from the
center to the right hand side (from bordering areas &
forest fallows to the savanna), while samples from the El
Oso Forest record were located in the center right (on the
forest-savanna border side). Conversely, samples from
Colonia Fernland were grouped towards the extreme left
(tall forest side) and some of them slightly to the center
(savanna-forest border side).

None of the samples that came from soil profiles and
cores were ordered differently to the modern samples,
suggesting that surface samples contain pollen assem-
blages similar to those found in the sedimentary records
(Figure 5(b)). This makes correlations between present
and former pollen assemblages likely, allowing us to
interpret the occurrence of a variety of past plant associa-
tions along the gradient from closed to open communities,
as is explained below.

4.3.1. Ariwe Fernland

From the ordination shown in Figure 5(b), it can be seen
that soil samples from the base of the core taken from
Ariwe Fernland correlate with modern samples taken
from savanna-forest borders. Currently, the River Ariwe
bank, from where the core was taken, is covered by tree-
less savannas and fernlands (Table 2). However, paleo-
ecological data indicates the presence of a woody com-
munity that might have developed in the study area from
3.400 to 1.200 yr BP (Figure 6). This community was
apparently a gallery forest dominated by Dimorphandra
(Appendix 2) and was probably similar to current gallery
forests in Arautapart or Kamoiran (Table 1). However,
given the low proportion of forest tree and shrub pollen
recorded (less than 40% of the pollen sum (Figure 6), it
can be inferred that this gallery forest was very open,
possibly indicating a high degree of disturbance. The
high similarity of the pollen from the base of the core
samples of this sedimentary record with the pollen col-
lected from modern savanna-forest border samples, sug-
gests that structurally, the former community could have
been similar to a current “matorral”. As coarse charcoal
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particles were abundant at these levels, the recurrent in-
cidence of local fires can be also inferred, suggesting that
fire could have been an important disturbance factor
(Figure 6).

Conversely, samples from the last 1.000 yr BP to the
present were ordered on the right hand side, some of
them to the extreme right, very close to samples from
herbaceous communities. This could indicate the deve-
lopment of a very open community, similar to that found
today in the study area (Table 2). Thus, a replacement of
vegetation occurred in Ariwe Fernland, from a woody
community similar to a savanna-forest border or “mato-
rral”, to a predominantly herbaceous community. It is
probable that fire caused this vegetation substitution.

4.3.2. El Oso Forest

In contrast to Ariwe Fernland, samples from El Oso Fo-
rest are grouped together in the central-right sector of the
PCA (Figure 5(a)), close to samples taken from savan-
na-forest borders. This suggests that the current character
of a forest-savanna transition has remained unchanged
over the last 500 yr (Figure 7). Abundance patterns in
the core seem to have also remained stable, with Dimor-
phandra being the dominant genus, as is observed today.
Charcoal particles are almost absent, indicating that there
have been no local fires in the study area in the last few
centuries.

4.3.3. Quebrada Pacheco Swamp
The ordination of samples from Quebrada Pacheco
Swamp, from the center to the right of the PCA, shows a
similar pattern to that of the Ariwe Fernland samples,
suggesting that a vegetation substitution also occurred at
this site (Figure 8). Comparing the pollen assemblages
from the base of the Quebrada Pacheco core with modern
soil samples, a clear correlation with samples from open
forests and savanna-forest borders can be observed. It
can be inferred therefore, that a woody community
(probably a very open gallery forest) existed at this site
around 1.000 yr BP. With a tree and shrub pollen sum of
around 60%, this assemblage looks very similar to cur-
rent savanna-forest borders (compare Figures 3 and 6).
Again, the development of a very open disturbed forest
or a “matorral” can be inferred from the pollen at the
base of the Quebrada Pacheco core.

Mauritia was absent in the study site until the last 3 or
4 centuries. This palm has colonized this area recently,
with the establishment of an open Mauritia swamp.
Based on the similarity of the pollen samples from the
top of the Quebrada Pacheco core with modern swamp
samples, it seems that a community with characteristics
similar to the swamps listed in Table 1 developed in the
study area.

Copyright © 2013 SciRes.

4.3.4. Colonia Fernland

The clustering of most samples from Colonia Fernland at
the extreme left of the PCA reveals that these samples
are all similar to modern samples taken from tall forests
(Figure 5(b)). The ordination of samples in the upper
part of the biplot is given by the absence of Dimor-
phandra pollen and the high abundances of Protium and
Schefflera recorded from this core (Appendix 2). These
latter species are the main variables influencing the ver-
tical ordination in the analysis. As can be seen from Fig-
ure 9, the ecological groups found at Colonia Fernland
have experimented only slight changes. In fact, some of
the samples from this record were ordered somewhat
apart, near the center-left of the PCA. These are samples
from the base of the core, which are similar to some of
the modern samples from open forests. This suggests that
from around 1.200 to 900 yr BP herbs were more abun-
dant than today at this study site, and hence the forest
was smaller or its canopy was more open. Thus, in Co-
lonia Fernland the tall forests seem to have expanded or
increased in density (Figure 9). It is important to high-
light that this apparent expansion of the forest and/or the
increase in forest canopy density at this site, occurred
simultaneously with an increase in charcoal particles.
Thus, it seems that the forest at Colonia Fernland has be-
come larger and closer over the last 1.400 yr, despite the
seeming increase in local fire events.

5. Discussion

5.1. Pollen Abundances in Modern Samples and
Their Relationship with the Composition
and Structure of Living Plant Communities

Since this investigation did not include vegetation sur-
veys, the conclusions we could draw about the correla-
tions of pollen types in soils with the current composition
of standing communities were limited. Nevertheless, we
were able to compare our pollen rain data with available
studies on vegetation composition and dominance pat-
terns for plant communities in the Gran Sabana and sur-
rounding areas. Based on this comparison we can con-
clude that the pollen rain data from forest soils seems to
fit very well with forest composition documented in the
literature. Many of the pollen types that we expected to
find have been actually recorded, such as for example
Dimorphandra, Protium, Pourouma, Pouteria and Euce-
raea, among others. However, not all the important fami-
lies/genera seem to be well represented in the pollen rain
and we suspect that some important genera could be un-
derrepresented, such as for example, the Chrisobalana-
ceae genera Hirtella and Parinari, as well as Vochysia,
Ruizterania, Pouteria and Symphonia. Likewise, Euce-
raea and Clusia have been listed as dominant genera
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[40,42,43,50], but only a small number of pollen grains
were recovered from a few forest soil samples (Figure 3).
Under-representation of tropical forest species is com-
mon, since there are many entomophilous species whose
pollen has a limited spatial dispersal capacity [14,21,64].
Nevertheless, in order to test for the under/over-repre-
sentation of taxa in forest samples it is necessary to carry
out vegetation studies at the same sites where the pollen
rain is collected, as has been done by other authors (for
example [14,16,17,28]).

In addition, it seems that there were many silent taxa
in the forest samples studied, such as for example mem-
bers of the Lauraceae (Figure 3, Table 2). It is well
known that the pollen grains of this family are very
thin-walled and fragile, and sensitive to acetolysis treat-
ment. Thus, it is highly unlikely that pollen grains be-
longing to this family would be fossilized and preserved
in sedimentary records, and those few that were would be
dissolved during acetolysis, which is part of the standard
procedure for the preparation of pollen slides [65]. The
impossibility of recovering pollen from the Lauraceae is
a serious obstacle for the study of the history of the fo-
rests of the Guayana uplands, since it has been identified
as the most structurally important family [44].

Other important taxa that were silent in the pollen re-
cord were the cultivated plants. Hence, although two of
the forest sites were constituted by fallows (Kumaraca-
pay forest 1 and 2), where Manihot esculenta (cassava)
and Zea mayz were cultivated some years ago, no pollen
grains of these species were found. The absence of cas-
sava pollen grains could be explained by their very large
size and the fact that most plants are harvested before
flowering. The absence of Manihot esculenta pollen in
soils were it is known that the plants were cultivated
some years before should thus be noted, as it reinforces
the suggestion that this pollen type is not easily found in
sediments outside the immediate archaeological context.

Regarding savanna-forest borders, the composition of
pollen types matched very well with the composition
reported in the literature. For example, the relatively high
abundances of Poaceae and Cyperaceae pollen (Figure 3)
might be related not only to the probable transport of
these pollen types from neighboring savannas but also
with the variety of species in these families specifically
associated with forest borders, for example, Scleria bra-
siliensis from the Cyperaceae, and Imperata basiliensis
and Schizachyrium condensatum from the Poaceae [50].
Also some Poaceae and Cyperaceae which are dominant
in the surrounding savannas are also found along savan-
na-forest borders, for example Echinolaena inflexa and
Axonopus anceps, as was shown by [50] in a study of the
vegetation composition of this ecotone. Asteraceae spe-
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cies are also found more frequently along borders than in
tall forests. For example, Baccharis has been identified
as a genus commonly observed in open communities such
as “matorrales” [43]. The higher representation of fern
spores, particularly Lycopodium and Pteridium, along
borders, seems to be related to the higher density of these
genera in these areas with respect to their abundance in
closed forests [50].

Some pollen types, however, seem to be underrepre-
sented in the pollen rain from savanna-forest borders, for
example Clusia. The three Clusia species most often
found in ecotones: Clusia grandifloria, C. pusilla and C.
schomburgkiana, are some of the most common tree spe-
cies growing along savanna-forest borders. Again, the
probable under-representation of Clusia should be tested
in the future coupled with pollen rain-living vegetation
studies.

Pollen composition in the Mauritia swamps and grass-
lands studied was also similar to the composition of liv-
ing plant communities reported in the literature. Palm
swamps were dominated by Mauritia, Poaceae and Cy-
peraceae pollen, and grasslands by Poaceae, Cyperaceae
and the marginal occurrence of Stegolepis pollen (Figure
3). Of course, the impossibility of achieving a higher ta-
xonomic resolution in the identification of Poaceae and
Cyperaceae species is an important limitation of the pa-
lynological characterization of these communities. In this
regard, an attempt to look for pollen size differences be-
tween aquatic Poaceae growing in swamps and mires,
and Poaceae species growing in well drained savanna
soils, could help us to identify the contribution of each
species type in pollen assemblages of grass-dominated
environments. This has been attempted for a variety of
grass-dominated communities in South America, with
promising preliminary results [66]. Nevertheless, this ap-
proach needs to be tested in other types of grass-domi-
nated environments of tropical South America where the
impossibility of discriminating between tribes, genera or
species within the very generalist family Poaceae, is the
most noteworthy obstacle to our long-term understanding
of savanna dynamics.

Regarding the abundance of Mauritia pollen in palm
swamps, this was highly variable between sites (Figure
3). This variation may be related to changes in the den-
sity of Mauritia stands, as has been suggested in earlier
contributions [19] and [67,68]. The representation of
woody elements also seems to be reasonably well corre-
lated with woody species actually recorded from palm
swamps [69].

In fernlands, the main pollen types were again Poaceae
and Cyperaceae, which agrees with the composition of
standing communities (Figure 3). Observation of authors
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support that Cyperaceae from neighboring savannas are
also commonly found growing together with Pteridium
and Cyathea ferns. The same can be said of some Po-
aceae species, which actually grow better (i.e. individuals
are taller and more leafy) in fernlands than in savannas,
such as for example Echinolaena inflexa. But the most
important components of fernlands: ferns, were not al-
ways well represented in the pollen rain. Fern spores
were not actually more abundant in fernland soils than in
other soils (Figure 3), except for Pteridium spore abun-
dance which seemed to be somewhat related to the abun-
dance of ferns in living plant communities.

5.2. Source of Pollen, Community Structure and
the Interpretation of Poaceae and
Cyperaceae Pollen Abundances

As expected, all the pollen rain samples studied seem to
reflect the local income of pollen from plants growing di-
rectly in the study area. The representation of extra-local
and regional pollen is probably very low, even in the
swamp sediments, as suggested by [9] and certainly, the
pollen rain of forests, fallows and savanna-forest borders
was very local. However, given the mosaic-like character
of the study site, and the differences in pollen produc-
tion/dispersal between savannas and forests, we expected
a higher representation of savanna herbs in the pollen
rain of woody communities especially as many of the
communities studied were represented by relatively low
and open forests, or even by very small patches of wood-
land surrounded by treeless savannas (see Table 1). Thus,
in spite of the fact that the Poaceae are known to be pro-
lific producers of wind-dispersed pollen, and considering
that many Poaceae species also grow in forest understo-
ries (see [70]), the data suggest that relatively low
amounts of Poaceae pollen from savannas are penetrat-
ing and being deposited on forest soils. It seems then,
that the forest cover is acting as a barrier preventing the
entry of Poaceae pollen. This conclusion agrees with [71],
who suggested that Poaceae was not overrepresented in
small catchment basins of the Llanos Orientales in Co-
lombia. The same conclusion was reached by [27] and
[30], and earlier suggested by [70], who considered that
Poaceae over-representation in the Neotropics mostly
occurs in large lakes due to the input of pollen from
aquatic grasses.

5.3. Pollen-Based Discrimination of Plant
Communities

Based on the results discussed above and as shown in
Figures 3, 4 and 5(a), we were able to make palynologi-
cal distinctions between the major vegetation types in-
cluded in this contribution. In spite of the mosaic-like
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pattern of the vegetation types in the study area, open
communities were easily differentiated from predomi-
nantly woody communities from their pollen spectra. Po-
aceae pollen was identified as the main indicator of ve-
getation openness. Furthermore, because Poaceae and
Cyperaceae pollen was not overrepresented in forest soils,
the gradient of openness that exists in the living commu-
nities, from closed tall forests to secondary open forests,
fallows and bordering arecas, was also observed in the
pollen assemblages in the soils. This gradient of open-
ness is useful for the identification of forest structure, as
it provides an extra dimension with which to interpret pa-
lynological data. Similar gradients of openness in pol-
len rain have been identified by [9] for the southern Gran
Sabana, and by [27,30] for rainforest-dry forest-cerrados
communities in Amazonia.

Since a gradient was found, the discrete separation of
communities seems unlikely in many cases (see Figure
5(a)). Thus, Cyperaceae pollen was not as high in fallows
as along savanna-forest borders (Figure 3) and some
open gallery forests, such as Arautapara, showed a high
proportion of Cyperaceae species comparable to that
found in fallows (Figures 3 and 4). Hence, neither Cy-
peraceae nor Poaceae can be considered reliable indica-
tors of a fallow occurrence. Of course, the best indicator
of a fallow occurrence would be the presence of pollen
from cultivated plants; however, neither of the soil sam-
ples taken from fallow forests yielded pollen from these
types of plants (Figure 3, Table 2).

Regarding the transition areas, we found that Poaceae
and Cyperaceae pollen as well as fern spores and As-
teraceae pollen were all significantly higher in ecotones
than in closed forests, (Figures 3 and 4). Thus, they could
be used as reliable indicators for palynological differen-
tiation between closed forests and transitional commu-
nities.

Palm swamps, fernlands and grasslands showed very
similar pollen assemblages (Figure 5(a)). Fernlands, in
particular could not be distinguished from any other pre-
dominantly herbaceous community, on this basis. Even
though some fern spores, for example the Pteridium-type,
seemed to be more abundant in fernlands than in other
communities (Figure 3) other spore types occurred in the
soils of several of the sites surveyed.

In contrast to the situation for fernlands, where no re-
liable palynological indicator for their occurrence was
identified, the occurrence of palm swamps could be de-
tected by the presence of Mauritia pollen (restricted to
Mauritia swamps), and that of grasslands by the presence
of Stegolepis pollen, which only grows in high densities
in grassland mires. However, Mauritia pollen has a very
limited capacity for dispersal, being absent in soils lo-
cated just a few hundred meters from the community [68].

AJPS



A Contribution to Pollen Rain Characterization in Forest-Savanna Mosaics of the Venezuelan 47
Guayana and Its Use in Vegetation Reconstructions from Sedimentary Records

Stegolepis also seems to produce/disperse very little pol-
len. The low dispersal capacity of these two pollen types
begs the question as to whether some swamps or grass-
lands with very low densities of Mautitia or Stegolepis,
respectively, could go unnoticed in any given sedimen-
tary record. To test this, additional studies considering
pollen dispersal in spatial transects should be performed
in the study area.

5.4. Utility of Modern Analogues for the
Description of Past Vegetation Changes and
Implications for the Paleoecology of Gran
Sabana

Within the Gran Sabana, paleoecological data has sug-
gested that gallery forests declined during the Holocene.
Climate change and fire have been identified as the major
drivers of vegetation changes [2,72]. Nevertheless, al-
though today the Gran Sabana is the most intensively
studied area in Venezuela from the paleoecological point
of view (with more than 15 Holocene sedimentary re-
cords studied), the causes and processes that underlie
forest degradation in the region still are not well under-
stood. One of the aspects that we need to improve is the
characterization of former woody communities, since this
is central to our understanding as to why they have been
so vulnerable to climate change and fire. In this regard,
pollen rain representation and the use of a gradient of
vegetation openness for the interpretation of paleoeco-
logical data seem to constitute effective tools for the
identification of different states of forest disturbance.

The history of some sites described in this study is
similar to that reported previously by other authors, such
as for example, the development of Quebrada Pacheco
Swamp, where an open gallery forest has been apparently
substituted by a Mauritia palm swamp in the last millen-
nium (Figure 7). Our data also show the substitution of a
former woody community (similar to a savanna-forest
border or a “matorral”) by a treeless savanna after local
fires in Ariwe Fernland (Figure 6). However, the woody
communities and forests present at the base of both re-
cords examined here were far from being healthy mature
forests, and their high vulnerability could be explained in
the light of a long history of disturbances. The paleoe-
cological studies done in the Gran Sabana support this
last idea, as they show that the process of forest degra-
dation started well before the last two millennia, and thus
previous to extensive human impact in this region, pro-
bably since the mid Holocene and even the early Holo-
cene [1,4-6].

Finally it is important to highlight that our paleoeco-
logical data were able to distinguish between sites that
have remained relatively stable, at least over the last few
centuries, and sites that have undergone changes. An
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example of the first of these is El Oso Forest, where the
current savanna-forest border has experienced few modi-
fications. Other places, such as Colonia Fernland show a
very different picture. There, the tall forests have under-
gone an expansion in the last millennium, even though
indicators of local fire events suggest a more frequent/
intense regime of fire over the last few hundred years.
These results underline the importance of selecting study
areas that are subject to different environmental condi-
tions, in order to attain a broader picture of long-term
landscape changes.

6. Conclusions and Recommendations

Pollen rain studies have traditionally focused on search-
ing for distinctive pollen assemblages as unequivocal in-
dicators of the occurrence of former plant communities
in sedimentary records. However, when paleoecology is
used for assessing the history of fragmentation processes
in the landscape, this approach gives us an incomplete
picture. Firstly, because after fragmentation a myriad of
transient communities are created, some of which repre-
sent intermediate states between discrete communities
(regarding species composition or even structure), and
secondly because complex spatial mosaics also develop,
a dimension that is not easily taken into account in con-
ventional interpretations of paleoecological data. As-
sessing issues such as the historical processes of hu-
man-made ecosystem fragmentation and/or the long-term
effects of fire in tropical forest dynamics require the pa-
lynological characterization of transitional communities
and the evaluation of palynological signals related to the
degree of openness of vegetation. In this study, we have
shown that establishing a gradient of openness from
closed forests, to secondary forests and gallery forest pat-
ches, savanna-forest borders and open herbaceous com-
munities, is helpful for the interpretation of former pollen
assemblages found in sedimentary records and soil pro-
files. In this regard, this investigation has enabled us to
obtain a better picture of the relationship between stand-
ing communities and pollen rain in soils, especially con-
sidering, communities that were not included in previous
studies. However, the high complexity and diversity of
plant communities observed nowadays in the vegetation
mosaics of upland Guayana has not been completely co-
vered here. Additional research, examining other envi-
ronmental gradients present in the study area is still
needed, and hence future studies will be oriented towards
a broader description of forest formations in the Gran
Sabana along altitudinal, rainfall and disturbance gradi-
ents, as well as the study of pollen rain in communities
not included in the present contribution, such as the Gua-
yana shrublands.
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List of the pollen types identified in the 30 surface soil samples analyzed. The pollen types included in the percentage diagram
shown in Figure 3 are marked with an asterix (*).

Ecological Group

Type (Family)

Ecological Group

Type (Family)

Forest Trees

Forest Trees &/or
Shrubs

O 0 3 N L A W N~

T
B W N =

. Caryocar (CARYOCARACAEAE)”
. Astronium (ANACARDIACEAE)”

. Caraipa (CLUSIACEAEA)"

. Catostemma (BOMBACACEAE)’

. Cordia (BORAGINACEAE)"

. Dimorphandra (FABACEAE)

. Euplassa (PROTEACEAE)"

. Euterpe/Geonoma (ARECACEAE)”
. Ferdinandusa/Geophila (RUBIACEAE)
10

. Hyeronima (EUPHORBIACEAE)"

. Mabea (EUPHORBIACEAE)

. Matayba (SAPINIDACEAE)"

. Myrsine (MYRSINACEAE)

. Podocarpus (PODOCARPACEAE)”
. Pourouma (CECROPIACEAE)

. Pouteria/Chrysophyllum (SAPOTACEAE)

. Protium (BURSERACEAE)

18. Roupala (PROTEACEAE)’
19. Schefflera (ARALIACEAE)
20. Schizolobium (FABACEAE)"

—_

. Scleronema (BOMBACACEAE)"

22. Sloanea (ELAEOCARPACEAE)

. Tachigali (FABACEAE)"

24. Tapirira (ANACARDIACEAE)"

. Tapura (DICHAPETALACEAE)’

26. Virola (MYRISTICACEAE)

27. Vochysia (VOCHYSIACEAE)

28. Other ANACARDIACEAE"

29. Other ARECACEAE’

30. Other MORACEAE/URTICACEAE

. Other SAPOTACEAE"

32. Alchornea (EUPHORBIACEAE)"

. Calophyllum (CLUSIACEAE)"

34. Clusia (CLUSIACEAE)

. Croton (EUPHORBIACEAE)"

36. Euceraea (FLACOURTIACEAE)

37. Chaetocarpus (EUPHORBIACEAE)"
38.

Pera (EUPHORBIACEAE)

39. Sapium (EUPHORBIACEAE)"
40. Vismia (CLUSIACEAE)”

4

juiy

. llex (AQUIFOLIACEAE)

42. ASTERACEAE

43.

Blepharandra (MALPIGHIACEAE)

44. Miconia (MELASTOMATACEAE)

45.

Other MELASTOMATACEAE’

Forest Trees &/or Shrubs (cont.)

Forest Herbs & Lianas

Mauritia & Savanna Herbs

46.
47.
48.
49.
50.
51. MALVACEAE"
52.
53.
54,
55.

56.
57.
58.
59.
60.
61.

Palicourea (RUBIACEAE)
Melananthus (SOLANACEAE)"
Chamaecrista (FABACEAE)"
Myrica (MYRICACEAE)"
MIMOSACEAE’

Psychotria (RUBIACEAE)”
Cyphomandra (SOLANACEAE)"
Eugenia (MYRTACEAE)"
Psidium (MYRTACEAE)"

Coccocypselum (RUBIACEAE)
Other RUBIACEAE

Bauhinia (FABACEAE)
Parabignonia (BIGNONIACEAE)"
Other FABALES'

Dycranostyles

(CONVOLVULACEAE)

62.
63.
64.
65.
66.

67.
68.
69.
70.
. Valeriana (VALERIANACEAE)*
72.
73.
74.
75.
76.

7

—_

Arrabidaea (BIGNONIACEAE)
Other MALPIGHIACEAE
Doliocarpus (DILLENIACEAE)
Tetrapterys (MALPIGHIACEAE)"
Odontadenia (APOCYNACEAE)"

Mauritia (ARECACEAE)
POACEAE
CYPERACEAE

Borreria (RUBIACEAE)"

Genlisea (LENTIBULARIACEAE)"
Polygala (POLYGALACEAE)
LAMIACEAE"

Stegolepis (RAPATEACEAE)

Xyris (XYRIDACEAE)"
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Appendix 2

Main pollen assemblages found in the four sedimentary records studied. The interpretation of vegetation changes as a result

of the joint analysis of past and present pollen assemblages is also shown.

Record  Stratigraphy Description of palynological assemblages Charcoal

Interpretation of
vegetation changes

- 190 - 90 cm (3.400 - 1.200 yr. BP). Around 30% - 40% of
pollen from woody elements and around 60% from savanna
elements. Dominant woody elements were Dimorphandra,
Astronium, Eucearea, Moraceae/Urticaceae, Blepharandra and
Miconia. Poaceae 20% and Cyperaceae 15%.

Organic clay, - 90-50 cm (1.200 - 850 yr. BP). Most forest types disappeared.
changing Pollen frorp woody elements representeq less than 5% of total
gradually from pollen, while po'llen from savanna herbs 1r}cr_eased to more than
light grey to 95%: Ferns, mainly Lycopodium and Pteridium type spores,
dark grey, from also increased.
the bottom to - 90 - 45 cm (800 yr. BP). Re-appearance of pollen from some
the top. woody elements reaching percentages around 20%: mainly Minimal charcoal
Roupala, llex, Calophyllum. Pteridium-type spores increased recorded.
just before the increase of woody elements.

High values, similar to
present.

Lower values than

Ariwe previous time zone.

Fernland

-45 -0 (800 yr. BP-present): woody elements disappeared, and
savanna herbs increased to more than 90% of the pollen sum.  Charcoal increasing.
Fern spores have similar abundances to previous time zones

S;:)tf};izandy - No major changes were observed in the proportions of forest
P > and savanna pollen over the last 500 yr BP: forest elements
changing Charcoal very low from

accounted for around 40% - 50%, and savanna herbs around
50% - 60%. Main pollen types were Dimorphandra,
Pourouma, Schefflera and Miconia. Around 30% - 40% of
pollen was from Poacea and 10% - 20% from the Cyperaceae,
with the highest abundance in the deepest half of the sequence.

80 - 20 cm, and then
increasing towards the
top of the sequence.

El Oso gradually from

Forests pink to dark
ground, from
the bottom to
the top.

- 190 - 180 cm (ca.1.000 yr BP). Gallery forest pollen types
represented around 60% of the pollen sum, with Protium,

Schefflera, Moraceae/Urticaceae, Euceraea, Asteraceae, Charcoal >100 um
Clusia and Cyrilla being the most abundant. Poaceae and abundant but not as
Cyperaceae pollen contributed about 30% and 15%, high as in the present.

Black peatin  regpectively. Algae, such as Debarya and other zigospores
Quebrada the upper 100 yyere present, as well as aquatics, suggesting a flooding regime.

d dark
Pacheco ;I;;Itlo ligflt - 180 - 80 cm (1.000 - 500 yr BP). Gallery forest pollen types
Swamp clay in the decreased to less than 10% and pollen from the Poaceae Charcoal >100 um
lovgler 90 cm increased to more than 80%. Hence, the savanna herbs group abundant but not as high
" represented more than 90% of the pollen sum. Aquatics and as in the present.
algae remained at high values.
- 80 - 0 cm (500 yr BP-present). Dominance of savanna herbs .
R o . . Charcoal increased
was maintained, but Mauritia pollen appeared and increased in raduall
abundance in a sustained way until the present. & y
-90 - 80 cm (1.400 - 1.200 yr BP). Savanna herbs represented
almost 40% of the pollen sum. Poaceae and Cyperaceae
. N o . Charcoal abundance at a
contributed around 25% and 15% respectively. Fabaceae, minimum for the record
Asteraceae and Alchornea, together with Euterpe/Geonoma, '
al 1 Protium and Schefflera were the most abundant pollen types.
r(‘;‘fyﬁg SO% 80-35 ¢m (1.200 - 500 yr BP) Pollen types from forest
ghan i;l elements increased to more than 75% of the pollen sum. Pollen ~ Charcoal particles
ra dfallg from from savanna herbs dramatically decreased in abundance, at the increased in abundance.
Colonia ﬁght redybrown same time as Alchornea and Schefflera pollen increased.
Fernland to dark - At 35 cm (500 yr BP). Pollen from forest elements decreased .

o ; No significant changes
red-brown, (by around 65%) and that of savanna herbs increased in the charcoal record
from the (by around 35%). '
bottom to the
top. -35-0cm (500 yr BP-present). Pollen from forest elements

increased again and savanna herbs contributed less than 10% of
the pollen sum. From then to the present, forest vs. savanna
types have fluctuated, with savanna herb pollen values less than
25% and forest pollen types contributing over 75% of the
pollen sum.

Charcoal particles
increased in abundance
in a sustained way.

Very open gallery forest
(matorral?), similar to current
savanna forest borders.

Treeless savanna. Probably with
some Pteridium ferns
developing. Similar to current
fernlands.

Fernland with some scrubby
elements developing. Similar to
current fernlands.

Treeless savanna. Probably with
some Pteridium ferns
developing. Present vegetation
was established.

The current savanna-forest

border has remained quite stable

over the last five centuries.

A community similar to current
savanna-forest borders or open
gallery forest developed in the
area. The forest was seasonally
flooded.

A grassy mire developed in the
study site.

A Mauritia swamp with a scarce
woody component developed in
the study area.

The savanna-forest border was
more open than today. Pollen
assemblage is typical of
savanna-forest borders studied in
the region.

The montane forest expanded to
proportions similar to those of
the present.

The forest retreated, or the forest
was more open than today
(similar to secondary forests
and/or fallows).

The current tall forest recovered
again.
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