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ABSTRACT 

This report presents the results of a palynological investigation of sediments extracted from an 

organic deposit near a riverbed to the north of Esposende. The investigation demonstrated the landscape 

and vegetation development between ca 6200 and 3300 cal BP.  

The initial landscape consisted of a deciduous oak forest with maqui underbrush mainly 

undisturbed by man. Around 5300 cal BP this scenario changed due to deforestation and opening up of the 

landscape. The site itself became wetter and riparian forest was reduced. Clear traces of agriculture were 

found from this time onwards. Flax pollen was identified from around 4800 cal BP suggesting probable 

Chalcolithic cultivation. 

 

RESUMO 

Este relatório apresenta os resultados de uma investigação palinológica de sedimentos extraídos a 

partir de um depósito orgânico perto de um leito de rio ao norte de Esposende. A investigação demonstrou 

o desenvolvimento da paisagem e vegetação entre 6200 e 3300 cal BP. 

A paisagem inicial era uma floresta de carvalho caducifólio com mato principalmente tipo maqui, 

pouco perturbado pelo Homem. Por volta de 5300 cal BP esse cenário mudou pela desflorestação e 

abertura da paisagem. O local em si tornou-se mais húmido e a floresta ripária foi reduzida. Traços claros 

de agricultura foram encontrados a partir deste momento. Foi identificado pólen de linho há cerca de 4800 

cal BP, sugerindo provável cultivo da espécie no Calcolítico. 
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1. INTRODUCTION 

This investigation was performed as part of the FCT project; Dialogue among sciences - 

Multidisciplinary analysis of navigability and anchoring during the Roman period (Esposende) (PTDC/EPH-

ARQ/5204/2012). Task 4 aimed at a reconstitution of the palaeoenvironment using palynology as a tool.  

In connection with this project, several cores and sediment samples were extracted. In 2014 

organic deposits from the Rio de Moinhos beach, were analysed for pollen and Non-pollen- palynomorphs 

(Danielsen and Mendes, 2014). 

In May 2015 the Laboratory of Archaeosciences, Palaeobotany division, received 17 additional sub-

samples for palynological analysis. The samples were retrieved from five cores (Fig. 2) extracted in a 

riverbed north of Esposende, Minho. This report describes the results of the analysis. 

 

 
Figure 1. Localization of the coring site, NAV3 (Figure: A. 

M. Costa). 

 
 

Figure 2. Cores from NAV3 (the yellow ring indicates the 

analysed cores) (Photo: H. Granja) 
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2. MATERIAL AND METHODS 

2.1. Material and stratigraphy 

This scientific field will be dealt with by the team from Geology department, University of Minho. 

Table 1 shows the sub-samples treated in our laboratory with the description given on the bags. 

 

Table 1. Subsamples analysed in Laboratory of Archaeosciences.  

Bag n.º Depth Sample n.º Characterization of sediment 

1 240-246 NAV3.36 With wood on the top 

2 246-250.5 NAV3.35 Sandy area in the interior 

3 254-260.5 NAV3.34 Black organic mud 

4 260.5-270.5 NAV3.33 With small spots 

5 270.5-280.5 NAV3.32 With spots 

6 280.5-284.5 NAV3.31 With brown spot 

7 284.5-290.5 NAV3.30 With brown spot 

8 290.5-300.5 NAV3.29  

9 300.5-310 NAV3.28 Organic mud (?) 

10 310-318.5 NAV3.27 Organic mud (?) with charcoal fragments 

11 318.5-327 NAV3.26 Organic mud (?) 

12 327-333.3 NAV3.25 Organic mud (?) 

13 333.3-339.1 NAV3.24 Organic mud (?) 

14 339.1-345.2 NAV3.23 Organic mud (?) with dark spots 

15 345.2-351.9 NAV3.22 Organic mud (?) with dark spots 

16 351.9-359.4 NAV3.21 Organic mud (?) with dark spots 

17 360 NAV3.20 Peat 

 

 

2.2. Chronology 

Three levels were radiocarbon dated by Beta Analytic (Table 2). The dating was done on organic 

matter (AMS). The calibration of the dates was performed by Beta Analytic. 
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Table 2. 
14

C dating, Beta-Analytic, NAV3 cores 

Core Sample Lab. Ref. Material Depth (cm) 
14

C BP 
conventional 


13

C 
cal BP 

(2) 

cal BC 

(2) 

NAV3 NAV3.36 Beta-41111 
Organic 

sediment 
240 3140±30 -27.6 

3445-3430, 
3405-3335, 
3290-3265 

1495-1480, 
1455-1385, 
1340-1315 

NAV3 NAV3.27 Beta-412871 
Organic 

sediment 
309 4620±30 -27.4 

5450-5380, 
5330-5300 

3500-3430, 
3380-3350 

NAV3 NAV3.20 Beta-41109 Organic 
sediment 

356 5390±30 -29.1 
6280-6180, 
6145-6125 

4330-4230, 
4195-4175 

 

2.3. Laboratory work 

The turf sample (NAV3.20) was dissolved in a weak (5%) KOH solution to dissolve humic acids and 

the remains were analysed for macrofossils.  

From the remaining 16 sub-samples, 1cm3 was extracted for pollen analysis. Each sample was 

filtered with a sieve (250µm) and treated chemically in order to destroy humic acids (KOH 10%), carbonates 

(HCL 25%), cellulose (1 part H2SO4 + 9 parts C4H6O3) and silica (HF 40%) so that virtually the only remaining 

substances were pollen and Non-Pollen-Palynomorphs (NPP). The laboratory procedure followed Fægri and 

Iversen (1975) including cold HF treatment for 48 hours.  

The palynomorphs were then counted in an optical microscope at 600-1000X magnification. A 

regional pollen sum of 250 was the minimum counted for each slide. Pollen were identified with the help of 

the keys of Moore et al. (1991), Fægri et al. (1989), Northwest European Pollen Flora parts I–VI (Punt, 1976; 

Punt and Clarke, 1980, 1981, 1984; Punt et al., 1988; Punt and Blackmore, 1991), the Ericales key of Mateus 

(1989) and the Cistaceae key of Queiroz (1999). Identification was facilitated by consultation of the pollen 

reference collection at LARC and the use of photographic atlases (Reille, 1992, 1995). Charcoal fragments 

larger than 5µm were also counted. 

Pollen and microfossil data of the samples are presented in a percentage pollen diagram. All data 

were calculated as percentages of Total Regional Pollen sum (TRP) including pollen of dry-soil species. 

Pollen of taxa occupying wetland areas (mainly hygrophilous) are likely to dominate the pollen content and 

result in large fluctuations of the pollen curves reflecting local changes (Janssen, 1973). These taxa together 

with Non-Pollen Palynomorphs (NPP) were therefore not included in the pollen sum but calculated as 

percentages of TRP. The pollen diagram was constructed using Tilia and Tilia graph (Grimm, 1991–1993). 
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3. RESULTS 

3.1. Macrofossil analysis 

The sample analysed for macrofossils (NAV3.20 - 5390±30 BP) was a peat composed of fragments 

of roots, bark, twigs, leaves and seeds. The recognized seeds belonged to Rubus cf. ulmifolius (Fig.3), 

Potamogeton and Juncus. They are all hydrophytes growing in riverbanks and marshes and hence confirm 

the description of the sample as peat (Table 1); a humid organic accumulation of partially decayed 

vegetation remains or organic matter. 

 
Figure 3. Seed of Rubus cf. ulmifolius. 

 

 

3.2 Palynological analysis 

The palynomorph content (Fig. 4) allowed the identification of two regional Pollen Assemblage 

Zones (PAZ I and II). The distinction of pollen assemblage zones is based on levels with uniform pollen 

curves and is considered periods of relatively stable vegetation development and environment. Change of 

pollen assemblage zone, on the other hand, is regarded as a shift in one or more of the factors influencing 

vegetation. 

 



 

 

 Figura 4. Pollen percentage diagram, NAV3, Esposende. 
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3.2.1. PAZ I 

The sedimentation of this zone started 5390±30 BP (6280-6180, 6145-6125 cal BP) and ended 

4620±30 BP (5450-5380, 5330-5300 cal BP). During this period the landscape was covered with deciduous 

oak forest including scattered pines (Pinus) in the drier upland and ash (Fraxinus) along the river. The 

underbrush was dominated by maqui vegetation represented by Quercus coccifera, Ulex and species of the 

Ericaceae family. The sole find of one large Poaceae pollen (cf. Cerealia) in this zone may reflect agriculture, 

but is most likely related to pollen of beach grasses known to produce large pollen. Charcoal fragments are 

common indicating cultural activity in the region.  

Throughout this zone the coring site itself was dominated by alder trees (Alnus) demonstrating a 

nutrient rich swamp with possible brackish influence. Palynomorphs indicating marine or brackish influence 

have, however, not been identified in any of the samples. Willow (Salix) gradually became more important 

locally towards the middle of this zone and later its importance was once more reduced. This variation may 

have been caused by changes in water level. The correspondence between the Cyperaceae- and the Salix-

curves, suggest that soil moisture variation may have been the cause. Between the level of the sharp 

decrease of willow and Cyperaceae (ca 336cm) and till the end of PAZ I, pollen of aquatic plants nearly 

disappear indicating a drier environment. 

 

3.2.2. PAZ II 

This zone embraces the vegetation development between 4620±30 BP (5450-5380, 5330-5300 cal 

BP) and 3140±30 BP (3445-3430, 3405-3335, 3290-3265 cal BP). Initially this period experienced a rapid 

reduction of the regional forest cover. Lacking correspondence of the charcoal fragment curve together 

with an increase of agricultural plants, indicate deliberate cutting of the forest. Bush cover was reduced at 

the same level and herb cover became dominant indicating an opening up of the landscape.  

Frequent occurrences of Plantaginaceae pollen (particularly Plantago lanceolata) together with a 

large increase in grass pollen frequency (Poaceae) indicate pastures and animal husbandry (Behre, 1981). 

Likewise the observed expansion of agricultural weeds (Compositae, Caryophyllaceae, Polygonum spp., 

Rumex and Galium (Fig. 5)) and the near continuous pollen curve of possible cereals (Cerealia), probably 

show early cultivation of the region. 
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Polygonum persicaria 

 
Caryophyllaceae 

Figure 5. Examples of pollen of agricultural weeds. 

 

The identification of several pollen grains of flax Linum usitatissimum (Linum bienne t) (Fig. 6) from 

the sample NAV3-30 (284,5-290,5cm) and upwards (estimated initial date ca 4150 BP (4830-4566 cal BP)) 

confirms human presence and farming. Flax is associated with the spread of Neolithic agriculture from the 

Fertile Crescent “core area” into Europe and the Nile valley (Zohary et al., 2013). The earliest linseed, 

including fibres, in Portugal was uncovered in Chalcolithic (ca 4800 – 4200 cal BP) Buraco da Pala, 

Mirandela (Zohary et al., 2013). The NAV3 pollen finds hence correspond well with these results and show 

early flax cultivation in coastal Portugal in addition to the site further inland. 

 

  
Figure 6. Pollen grains of flax – Linum usitatissimum (NAV3.30 – 250.5-290.5 cm). 
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Also locally the environment changed. The riparian forest, mainly consisting of alder and with some 

willow, seems to have been reduced. The reduction in pollen of these tree species may not be related to 

intentional cutting, but seems to have been linked to groundwater rise and retreat of forest vegetation to 

drier land. The observed increase in pollen of aquatic plants confirms wetter conditions locally during this 

period. Myriophyllum alterniflorum, Nymphaea alba, Potamogeton, Sparganium and Typha are all plants of 

fresh water lakes or wet swamps. Remains of the green algae Botryococcus is found at one level confirming 

open water. 
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4. CONCLUSIONS 

The analysed cores represent vegetation development between ca 6200 and 3300 years ago in a 

region north of Espinho.  

The initial period represented in the diagram, show very few signs of human influence on the 

vegetation. Dense oak forest with maqui underbrush characterized the landscape until around 5300 years 

ago when the forest seems to have been cut and clear signs of agriculture and animal husbandry are 

recognized. At a later stage, estimated to ca. 4800-4550 cal BP, flax pollen became frequent suggesting 

consumption of linseed or production of linen from this time on. In Buraco da Pala, Mirandela, linseed and 

fibres were found in Chalcolithic layers of a very similar date (ca 4800-4200 cal BP). This investigation 

suggests early stages of flax cultivation in coastal areas of northern Portugal as well.  

Locally, the shift from forest to open fields was characterized by increased ground humidity. We 

cannot, however, conclude if this humidification was caused by anthropogenic action (deforestation, 

intentional riverbed alteration, etc.) or by natural causes (climate change, sea-level/sandbar variation, 

riverbed shifts etc.). 

 The investigated samples do not show any indication of marine influence as microfossils indicating 

salt water are invariably absent.  This means that the site was not submersed by sea water during the 

period from ca 6200 to 3300 cal BP. 

 



Randi Danielsen and Patrícia M. Mendes 

 

 

 15 

BIBLIOGRAPHY 

Behre, K.-E., 1981. The interpretation of anthropogenic indicators in pollen diagrams. Pollen et 

Spores 23, 225–245. 

Danielsen, R., Mendes, P.M. 2014. Palynological investigation of an organic deposit beneath beach 

sands, Rio de Moinhos, Esposende. Trabalhos de LARC nº 7, 14p. 

Fægri, K., Iversen, J., 1975. Textbook of Pollen Analysis. 3rd Ed. Copenhagen: Scandinavian University 

Books, 294p. 

Fægri, K., Kaland, P.E., Krzywinski, K., 1989. Textbook of Pollen Analysis. Fourth ed. John Wiley and 

Sons, Chichester, 328p. 

Grimm, E.C., 1991–1993. TILIA and TILIA GRAPH. Springfield: Illinois State Museum. 

Mateus, J.E., 1989. Pollen morphology of Portuguese Ericales. Revista de Biologia, 14, 135–208. 

Moore, P.D., Webb, J.A., Collinson, M.E., 1991. Pollen Analysis. Second ed. Blackwell Scientific 

Publications, London, 216p. 

Punt, W., (Ed.) 1976. Northwest European Pollen Flora, I. Elsevier, Amsterdam, 145p. 

Punt ,W., Clarke, G.C.S., (Eds.) 1980. Northwest European Pollen Flora II. Elsevier, Amsterdam, 265p. 

Punt, W., Clarke, G.C.S., (Eds.) 1981. Northwest European Pollen Flora III. Elsevier, Amsterdam, 138p. 

Punt, W., Clarke, G.C.S., 1984. Northwest European Pollen Flora, IV. Elsevier, Amsterdam, 369p. 

Punt, W., Blackmore, S., Clarke, G.C.S., (Eds.) 1988. Northwest European Pollen Flora, V. Elsevier, 

Amsterdam, 154p. 

Punt, W., Blackmore, S., (Eds.) 1991. Northwest European Pollen Flora, VI. Elsevier, Amsterdam, 

275p. 

Queiroz, P.F., 1999. Ecologia Histórica da Paisagem do Noroeste Alentejano. PhD Thesis, University of 

Lisbon, Portugal, 300p. 

Reille, M., 1992. Pollen et spores d´Europe et d´Afrique du Nord. Laboratoire de Botanique historique 

et Palynologie in Marseille, 493p. 

Reille, M., 1995. Pollen et spores d´Europe et d´Afrique du Nord, Supplement 1. Laboratoire de 

Botanique historique et Palynologie in Marseille, 293p. 

Zohary, D., Hopf, M., Weis, E., 2013. Domestication of Plants in the Old World. Fourth ed. Oxford 

University Press, Oxford, 243p. 



	  




