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Abstract 

Pollen analysis of surface sediments is an important tool for Quaternary Palynology, by comparing modern and fossil 

pollen allows to identify analogs processes occurred in the past. Aiming to expand the knowledge about the deposition 

and preservation of palynomorphs in Rio Grande do Sul, were identified and characterized sets pollen deposited on the 

soil surface from samples collected in two different vegetation formations (Araucaria forest and grassland) of the 

Caçapava do Sul. The nine samples were treated with the usual techniques for palynology, granulometry analysis and 

analysis of organic carbon. The palynological slides are deposited in the reference pollen collection of the Laboratory of 

Palynology of ULBRA. 300 pollen grains for each sample were quantified and identified. The results obtained with the 

pollen analysis showed that all pollen reflected the main species of the grassland formation (Poaceae, Asteraceae, 

Amaranthaceae, Eryngium L. and Vernonia Schreb.), and the Araucaria forest, which highlighted species are Arecaceae, 

Myrtaceae, Araucaria angustifolia (Bertol.) Kuntze, Podocarpus lambertii Klotzsch ex Endl. and Ilex L.. The results of the 

physicochemical analysis compared with the results palynological, demonstrated a positive correlation between clay, 

organic carbon content and the concentration of pollen. 
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Introduction 

     Pollen grains are dispersed in the atmosphere and 
record the changes that occurred in the vegetation 
communities that are distributed in certain regions over 
geological time when deposited in environments that 
favor their deposition [1]. However, the pollen spectrum 
does not directly reflect the abundance of the vegetation, 
because many factors interfere in the record, such as the 

production of pollen grains, dispersion and differential 
preservation of the taxa [2-6]. All interpretations of pollen 
assemblages (quantitative or qualitative) are based on 
explicit or implicit assumptions about how the vegetation 
composition or other aspects of vegetation are recorded 
by the pollen spectrum [6,7]. In this sense, pollen analysis 
of surface sediments shows to be an important tool to 
Quaternary Palynology, because allows identify analogous 
process occurred in the past. 
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     The advantages of analysis of the surface samples in 
relation to Quaternary samples are the more pollen 
preservation and not decrease of the abundance of 
species, well as well deterioration [5]. However, due to 
difficulties of interpretation of data in these studies are 
few the published works in Brazil with data about the 
comparison between modern pollen spectrum and 
vegetation [8-10].  
 
     In order to increase knowledge about the deposition 
and preservation of the palynomorphs in Rio Grande do 
Sul, pollen assemblages deposited on the soil surface were 
identified and characterized in samples collected in two 
different vegetation formations (Araucaria forest and 
grassland) in the Caçapava do Sul region, Rio Grande do 
Sul, Brazil. In the same time of pollen analysis were made 
physicochemical analysis to a precise characterization of 
samples collected. 

 

Materials and Methods 

Study area Features 

Location 

    The Caçapava do Sul occur in the “Serra do Sudeste” 
with the latitude of 30º20’S and longitude of 53º18’W 
(Figure 1). The relief of this region is undulate to hilly 
with sharp slopes and located in the Pampa biome. The 
elevation is between 100 and 400 meters in most of the 
area [11]. According to Moreno (1961) this region is 
characterized by temperate subtropical climate (Cfb) with 
an annual average temperature of 18º to 20ºC [12]. The 
Serra do Sudeste is also called of Escudo Sul-
Riograndense or Escudo Cristalino due to geological 
composition main is granite, despite also gnaisse and 
conglomeratic sandstone occur in the region [13]. The 
geological diversity is shown in the different soils 
distributed in the region. 

 
 

 

Figure 1: Location of the study area with sampling points. 
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Vegetation 

     The vegetation of Caçapava do Sul region is 
characterized by transitional physiognomies vegetation. 
This region shows a mosaic of herbaceous-shrub and 
forest formations [14]. Furthermore, this area is the south 
limit of Araucaria forest [15]. According to Abraão (1992), 
Caçapava do Sul was a municipally of the high number of 
forest species and native taxa that predominated, such as 
“cedro” (Cedrela fissilis Vell.), “louro” (Cordia trichotoma 
(Vell.) Arrab. ex Steud.), “açoita-cavalo” (Luehea 
divaricata Mart.), “aroeira” (Lithraea molleoides (Vell.) 
Engl.), “pitangueira” (Eugenia uniflora L.), and others [16].  
 
     The previous identification of plant species in the 
region recorded 89 taxa belonging to 41 families of 
grasslands and Araucaria forest. Families with several 
species in this region are Poaceae (10 species), Asteraceae 
(10 species), Fabaceae (6 species), Rubiaceae (5 species) 
and, with less representation, species of Myrtaceae and 
Sapindaceae [17]. 
     Nine surface samples were collected in different 
formations of vegetation from Caçapava do Sul (30°20’S 
and 53º18’W). The samples 1 and 2 were collected in 
grasslands with few species of Araucaria angustifolia, 
samples 3, 4, 7 and 8 in the grassland/Araucaria forest 
transition, sample 5 in the Araucaria forest, sample 6 in 
the open area of Araucaria forest and sample 9 in the 
grassland without species of Araucaria angustifolia. In 
each sample were extracted subsamples of 1 cm³ for 
palynological analysis through of chemical process 
according to Faegri and Iversen (1989), using HCl, HF, 
KOH and acetolysis [18]. In order to calculate pollen 
concentration were added two tablets of spore marker, 
according to propose of Stockmarr (1971) [19]. 
 
     Four slides were created using glycerinated jelly and 
the slides are deposited in the collection reference of 
Laboratório de Palinologia da ULBRA (numbers records 
of: P-1302, P-1303, P-1305, P-1309, P-1311, P-1314, P-
1317, P-1318, P-1320). In each sample, 300 pollen grains 

were identified and quantified using a magnification of 
400x of the Leica DMLB microscope. The pollen reference 
of Laboratório de palinologia da ULBRA and pollen atlas 
[10,20-27] were consulted to identification of the 
palynomorphs. The relative frequencies and 
concentration calculate of palynomorphs, well as well 
cluster analyzes were carried out in the PSimpoll software 
[28]. 
 
     The granulometric and organic carbon content analysis 
of the nine samples studied were made in the Laboratório 
de Solos da ULBRA according to methodological propose 
of Suguio (1973) [29]. The data were plotted in the 
Textural Diagram adopted by Sociedade Brasileira de 
Ciência do Solo to show the results and determine the 
textural classes. 
 
     The organic carbon content was determined from an 
indirect method of organic carbon oxidation by the wet 
way, proposed by Walkley-Black and the data obtained 
were grouped according to the quantitative classification 
for organic carbon and organic matter adopted in the 
states of Rio Grande do Sul and Santa Catarina [30]. 
 

Results 

Palynology 

     In the surface samples were identified 38 pollen types, 
which are 20 species of grasslands, 15 species of 
Araucaria forest, 2 are non-native species and 1 aquatic 
taxa. 
 
     The surface samples showed significant differences in 
the composition of the pollen spectrum. In the text are 
shown only species of percentage ≥1%, but all species are 
shown in the pollen diagrams (Figures 2, 3 and 4). The 
cluster analysis identified five different sets of samples, 
which are shown below. 
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Figure 2: Pollen diagram of the percentage of the sediments profile samples: Trees, Shrubs and Vines. 

 

 
Figure 3: Pollen diagram of the percentage of the sediments profile samples: Herbs. 
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Figure 4: Pollen diagram of the percentage of the sediments profile samples: Exotics, Aquatics and Sums. 
 
     The C-1 set is belonging to sample 9 and show a 
predominance of species of the grasslands, which species 
of Asteraceae subf. Asteroideae (46%) and Poaceae 
(35%), Pinus L. (10%) and Araucaria angustifolia (3%) 
are the most common taxa. 
 
     The C-2 group include the samples 6, 7 and 8. The 
vegetation is characterized by species of transitional 
vegetation of grasslands and Araucaria forest. Sample 6 
shows a predominance of Asteraceae subf. Asteroideae 
(32%), Araucaria angustifolia (18%), Poaceae (9%), 
Myrtaceae (8%), Pinus (8%), Byrsonimia Rich. ex Kunth 
(6%), Vernonia (4%) and Ilex (3 %). Sample 7 recorded 
the occurrence of Araucaria angustifolia (31%), 
Asteraceae subf. Asteroideae (17%), Pinus (13%), Ilex (10 
%), Poaceae (10%), Podocarpus lambertii (5%), Arecaceae 
(4%), Myrtaceae (4%) and monocots (3%). Sample 8 had 
frequency of Asteraceae subf. Asteroideae (19%), Pinus 
(18%), Myrtaceae (12%), Poaceae (8%), Araucaria 
angustifolia (7%), Rubiaceae (7%), Arecaceae (6%), 
Podocarpus lambertii (5%), Ilex (4%), monocots (4%) and 
Eryngium (2%). 
 
     The C-3 set includes the sample 5 that is characterized 
by almost exclusive species of Araucaria forest and main 
representative are Ilex (61%) and Araucaria angustifolia 
(23%). 

 
     The C-4 set is characterized by samples 2, 3 and 4, and 
shows species of the transitional vegetation of grasslands 
and Arauracia forest. The sample 2 shown percentages of 
Poaceae (27%), Pinus (20%), Asteraceae subf. 
Asteroideae (20%) and Araucaria angustifolia (10%), well 
as well monocots (9%), Myrtaceae (4%), Heimia 
myrtifolia Cham. & Schltdl. (3%) and Euphorbiaceae 
(3%). Sample 3 is characterized by species of Araucaria 
angustifolia (26%), Asteraceae subf. Asteroideae (24%), 
Pinus (18%), well as well Myrtaceae (8%) and Poaceae 
(8%). Sample 4 shown frequencies of the species of 
Asteraceae subf. Asteroideae (30%) and Araucaria 
angustifolia (28%), well as well (9%), Poaceae (%), 
monocots (4%), Ilex (3%), Heimia myrtifolia (3%) and 
Myrtaceae (3%). 
 
     The C-5 set includes only the sample 1 and is 
characterized by species of Poaceae (23%) Asteraceae 
subf. Asteroideae (20%), Araucaria angustifolia (18%), 
Pinus (14%), Myrtaceae (7%), Begonia L. (6%) and 
Melastomatacae (3%). 
 

Granulometry and Organic Carbon Content 

     Results of granulometry and organic carbon content 
analysis are shown below. All samples were grouped in 
textural classes with a concentration of clay less than 35% 
and sand larger than 15% (Figure 5), an exception is the 
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sample 2. Sample 2 is characterized by clayey texture 
since their concentration of clay varies from 35 to 60% 
[31]. Results (Table 1) and classification (Table 2) are 
shown below. 
 
     The data of organic carbon concentration were 
grouped in two classes according to quantitative 

classification for organic carbon and organic matter in the 
states of Rio Grande do Sul and Santa Catarina [30]. 
Samples 1, 2, 3, 4, 6 and 9 show average concentration of 
organic carbon from 1,5 to 3%. Samples 5, 7 and 8 is 
characterized by high concentration of organic carbon 
(>3%). Table 1 and 2 presents the synthesized results. 
 

 

 
Figure 5: Ternary diagram textural classification of samples. 

 
 

Sample 
Pollen 

concentration per 
cm³ 

Organic 
carbon (%) 

Organic matter 
(%) 

Sand (%) Silt (%) Clay (%) 

1 36.613 1.96 3.37 58.38 17 24.62 

2 33.835 2.03 3.5 44.96 14.89 40.16 

3 29.901 1.49 2.56 75.84 11.06 13.1 

4 47.081 1.64 2.82 59.82 19.45 20.73 

5 108.6 11.3 19.43 56.51 13.45 30.04 

6 31.668 1.48 2.54 85.94 12.94 1.125 

7 53.92 3.41 5.86 68.28 20.17 11.55 

8 31.563 5.27 9.06 52.31 28.52 19.17 

9 25.562 2 3.44 69.57 25.22 5.217 

Table 1: Pollen concentration per cm³, results of the organic carbon, organic matter analysis and granulometry analysis of 
the samples. 
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Sample Textural classification 
Organic carbon quantitative 

classification 

1 Sandy Clay Loam Medium concentration 

2 Sandy Clay Medium concentration 

3 Sandy Loam Medium concentration 

4 Sandy Clay Loam Medium concentration 

5 Sandy Clay Loam High concentration 

6 Sand Medium concentration 

7 Sandy Loam High concentration 

8 Sandy Loam High concentration 

9 Sandy Loam Medium concentration 
 

Table 2: Pollen concentration per cm³, textural classification and organic carbon quantitative classification of the 
samples. 
 

Discussion 

     Most of the palynological samples (89%) reflected the 
modern vegetation of the studied region. Samples 1 and 9 
collected in the grasslands were represented mainly by 
pollen grains of grasslands species. Sample 5 collected in 
the Araucaria forest showed pollen species of the same 
vegetation where the sample was collected. Samples 3, 4, 
7 and 8 showed taxa of the two vegetation that represent 
the transition vegetation of local area collected. Only 
sample 2 not showed pollen spectrum similar to the 
vegetation area collected (grassland) and was 
characterized by pollen species of transitional vegetation. 
Although this sample had predominantly characteristic 
taxa of grassland, the significant presence of Myrtaceae 
trended the result, since in the study area most of the 
species of this family (Myrtaceae) occur in the boundary 
of the Araucaria forest. 
 
     The results of the physical-chemical analyzes that were 
submitted to the samples indicate materials 
predominantly of sandy texture, with organic carbon 
contents ranging from medium to high concentration. 
These data were included in the simple correlation test 
with data of correlation of pollen grains by cm³. The 
results indicate a perfect positive correlation between 
pollen grain concentration (cm³) and clay contents (0,99) 
and almost perfect positive correlation with the levels of 
organic carbon (0,88). On the other hand, the correlation 
with sand is negative, however very low (-0,23), as well as 
the correlation with the concentration of silt (-0,27).  
 
Even though the quantity of samples is relatively small, 
these results suggest that the concentration of pollen 

grains is associated with the clay and organic carbon 
concentration and not with the low concentration of sand 
as previously suggested [32]. 
 

Conclusion 

     Using 9 palynological samples through of comparison 
between modern pollen spectrum and vegetation, we 
found relationships in pollen-vegetation, well as well 
pollen-soil deposition and preservation. The palynological 
analysis of surface sediments is an important tool to 
analogous processes studies of Quaternary. The results 
obtained in this study showed that pollen spectrum 
reflects the modern vegetation and that is including 
sensitive to small changes and transition of vegetation. 
 
     Through this study is also possible to affirm that the 
high concentration of sand is not a limiting factor for the 
preservation of pollen grains. The results suggest that the 
concentration of pollen grains recorded in the sediment is 
associated with quantity of clay and organic carbon. In 
this way, the sediment may be predominantly sandy and 
still be suitable for studies in palynology. 
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