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ABSTRACT 

Water samples of 5 sites belonging to 3 streams of Douro River Basin (Portugal, NE) 
were analyzed regarding their hydrogeochemical and microbiological parameters. Two 
of the studied streams (Corgo and Pinhão) were strongly influenced by agricultural 
practices and construction pressures while the other stream (Olo) has low human 
impact. The study was conducted during 2.5 years, in winter and summer. Physico-
chemical characterization of water samples from Olo stream show very low 
mineralization (Electrical Conductivity – EC – between 9 and 13 µS/cm), with pH range 
4.7 to 6.6. Higher mineralization (22<EC<116 µS/cm), with acid to near neutral pH 
(4.5<pH<7.8) are present in Corgo and Pinhão streams. In these two watersheds EC 
has lower values in winter due to dilution, while in summer higher EC can be partly 
explained by nitrate concentration increase due to agriculture practices. For yeast and 
mould analyses water samples were filtered and the filter was cultured on a selective 
medium. After quantified the colony forming units (CFUs) representative colonies of 
yeasts were isolated, purified and stored (-70ºC) for identification. The results showed 
that in winter, fungi numbers were lower than in summer period, with the maximum 
values achieved (more than 4500 CFU/L) in Zimão and Flores sites. In winter, Olo was 
the site with the lowest values of fungi, both moulds and yeasts. High yeast densities are 
followed by less diversity in isolated morph types, which generally occurred in summer 
samples. The ANOVA-Factorial analysis of yeasts and moulds counts showed 
significant differences among sites (P< 0.05) and site x sampling period (P< 0.001). No 
differences were found among samples (P> 0.05) obtained in the same season. Fungi, 
both moulds and yeasts, seemed to respond to changes in water column which in turn 
are influenced by anthropogenic pressure, geologic characteristics and weather. 
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INTRODUCTION 

A river is a waterway originated in many sources, such as precipitation, groundwater, 
surface and subsurface runoff. The water composition of a river reflects the variability 
of the landscapes where it runs through. Biological indicators have the advantage of 
monitoring environmental quality over chemical methods, because the latter ones 
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measure only the water quality at the sampling time [13]. There are several 
microorganisms that can be used to determine water quality, and fungi, especially 
yeasts, are one of those. Fungi are naturally presented in water, where simple carbon 
sources are present at low concentrations. Whereas the filamentous fungi are more 
adapted to solid substrates, the yeasts are more adapted to fluid substrates. Yeasts and 
yeast- like organisms presented high ecological flexibility, colonizing aquatic habitats 
with distinct physico-chemical properties and in all climatic zones [9]. Yeasts are 
capable of tolerate a wide range of salinity, temperatures, oxygen saturation, acidity, 
and pollution levels. Different yeast communities are associated with different habitats 
and population shifts of their component species should reflect conditions within the 
habitat [4]. As chemioorganoheterotrophs yeasts utilizes the dissolved organic carbon, 
which increases with organic pollution and their number, diversity and distribution 
responds to perturbation [1, 3, 6, 8, 12]. So a response of yeast populations to nutrient 
enhancement  can be expected. Several characteristics make yeasts good candidates for 
application as indicators: they occupy a wide range of ecological niches, their substrate 
specificity and the effortlessness of cultivate most yeasts [4]. Some authors suggest that 
the number and composition of yeast species present in rivers and lakes can be used as 
organic enrichment indicators in water bodies [7, 10]. Species within the genera 
Cryptococus, Debaryomyces, and Rhodotorula are characteristically found in 
nonpolluted waters, while Candida and Saccharomyces species can be frequently found 
in eutrophic waters [5, 10]. The aims of this work are the physico-chemical 
characterization and fungal quantification of the water samples, from three streams with 
distinct anthropogenic impacts. 
 

MATERIALS AND METHODS 

Site description: Five reference sites located in three catchments basins, with similar 
area size, namely Corgo (sites Zimão, Benagouro and Flores), Olo (site Lamas de Olo) 
and Pinhão (site Balsa) were selected. From the geological point of view these 
watersheds are located in hardrocks, mainly granites and metassedimentary Paleozoic 
formations. The three watersheds differ from each other in terms of pollution and 
anthropogenic influences: Corgo and Pinhão basins are strongly influenced by 
agricultural practices, and construction pressure, whereas Olo basin is part of a natural 
park with low human impact. 

Water physico-chemical Analyses: Water samples were made between November 2006 
to December 2008 in five sampling campaigns (November 2006, January 2007, March 
2008, July 2008 and December 2008). Variables such as pH, EC, dissolved oxygen and 
temperature were measured in situ. Samples were collected in polyethylene bottles, 
filtered through 0.45 µm filters and analysed by ionic chromatography for anions in an 
uncidified sample, and by Inductively Coupled Plasma (ICP) for major cations and trace 
elements in an acidified sample.  

Enumeration and Isolation of Fungi: For quantification and isolation of fungi in water 
samples, 500 ml of water were collected into a sterilised glass bottle from the stream 
surface at December and July of 2007 and 2008. After collection, samples were stored 
in a cool box and transported to the laboratory. At the laboratory, water was filtered the 
thought a 0.45 µm Millipore sterilised membrane, and filters placed on the surface of 
Wort agar plates (yeast extract 3.0g/l; peptone 5.0g/l; dextrose 10g/l; agar 20g/l), pH 
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5.5, containing chloramphenicol (100mg/l), and incubated aerobically at 20 ± 2ºC until 
colony appearance (~ 5 days). For each sample we performed three dilutions, each of 
one with three replicates. Colony forming units (CFU) of filamentous fungi and yeasts 
were registered for quantitative analysis. After enumeration, the different yeast colonies 
were isolated on Yeast Malt Agar (YMA) pH 5.5 (0.3% malt extract, 0.3% yeast 
extract, 1.0% glucose, 0.5% peptone, and 2.0% agar) at 22 ºC. Purified yeast isolates 
were preserved into YM slants at 4ºC, and in YM broth, with 30% glycerol, at -80ºC. 
For all yeast isolates (178) obtained in winter and summer, urease and D-glucose 
fermentation tests (Barnett et al., 2000) were performed. 

MSP-PCR Fingerprinting of Yeast Isolates: DNA extraction and Polymerase Chain 
Reaction (PCR) protocol were done [11] with slight modifications in order to reduce 
procedure times. The synthetic oligonucleotide (GTG)5 was used in microsatellite-
primed PCR (MSP-PCR) experiments. PCR reactions were performed in 25µl reaction 
volume PureTaq™ Ready-to-go™ PCR beads (GE Healthcare, UK) accord to 
manufacturer specifications, in a Cetus Thermal Cycler model 480 (Perkin Elmer). 
Amplified DNA fragments were separated by electrophoresis of 1.4% (w/v) agarose 
gels (Sigma) and stained with ethidium bromide. A molecular size marker was added on 
each gel as reference (? DNA cleaved with HindIII and FX174 DNA cleaved with 
HaeIII – Pharmacia, Biotech). DNA banding patterns were visualised under a UV 
transilluminator (Viber Lourmat) and images were acquired with a Viber Lourmat Bio-
Capt system Image Analysis Software.  

Data Analysis: To determine statistical differences among samples we analysed the 
variance of the fungi data counts by one-way and by factorial ANOVA (STATISTICA 
version 8.0). Pearson’ s correlation analysis between physico-chemical and fungi data 
was also performed in this program. 

 

RESULTS AND DISCUSSION 

Field measurements of Electrical Conductivity (EC) and pH (Figure 1), show that water 
samples from Olo watershed have very low mineralization (EC between 6 and 13 
µS/cm), with pH varying between 3.5 and 6.6; Pinhão watershed show higher 
mineralization (22<EC<40 µS/cm), pH between 4.5 and 7.5 and, at Corgo watershed, 
water mineralization reaches the highest values (25<EC<116 µS/cm) with a pH range 
from 4.7 to 7.8. Looking for variations of these parameters with seasons it is also 
illustrated in these figures that samples from March 2008 (winter) had higher pH in the 
3 watersheds, and lower EC in Pinhão and Corgo, while in Olo EC had small variation 
along the sampling periods. 

Based on major ions concentration (Na+K-Ca-Mg and Cl-SO4-HCO3) measured in the 
laboratory (Figure 2) the hydrochemical facies were calculated. Hydrochemical facies 
vary between Na-Cl to Na-HCO3. 

Due to low dissolution rate of silicated rocks, such as granites or metassedimentary 
rocks, total mineralization of water related with this geological environment is usually 
low [2]. In uncontaminated watersheds, like Olo, bicarbonate and dissolved silica came 
from dissolution of silicate minerals and are an important source of water 
mineralization. Predominance of sodium could be explained by Na-plagioclases 
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dissolution from granitic rocks. The small amount of dissolved Ca is in agreement with 
regional geology were the presence of calcareous rocks is scarce. 
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Figure 1 – Field values of water (EC) and pH from 5 sampling sites. 

 

 

 
Figure 2 – Piper diagram for chemical characterization of water samples. CB – 
Benagouro; CF – Flores, CZ – Zimão; OL – Olo; PB – Balsa. 
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In order to find if the increase of EC is related to anthropogenic sources, the plot of EC 
values against nitrate (NO3

-) was performed (Figure 3). These variables, positively 
correlated (r = 0.709; P< 0.001), puts on evidence that higher EC values are associated 
with high nitrate concentration, present in Corgo stream stations and, in a moderate 
way, in Balsa site (Pinhão river); at Olo river contamination by nitrates was not present.  
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Figure 3 – Logarithmic plot of the relation between EC and NO3

- concentration in water 
samples. 

 
In conclusion, in the watersheds influenced by anthropogenic sources of pollution and 
were the geologic formations are silicated rocks, such as Pinhão or Corgo sites, the 
measurement of EC, before water sampling campaigns, can give a good idea of the  
contamination of a watershed.  

Water samples from five reference sites were analysed for total fungi, moulds and yeast 
(Figure 4). The results clearly showed differences among sites for total fungi (F= 4.466; 
P< 0.0001), moulds (F= 9.271; P< 0.0001) and yeasts (F= 8.358; P< 0.0001), with 
Zimão reaching the highest values for total fungi and yeasts and Flores presented the 
highest mould counts. Olo and Balsa were the sites with lower total fungi and yeast 
counts. In these two sites, yeasts were found at the range 73 – 1888 CFU/L (Olo) and 12 
– 1552 CFU/L (Balsa). In oligotrophic freshwaters yeast cell counts rarely exceed 200 
CFU/L [6]. Benagouro presented also low yeast counts, but higher total fungi content, 
due to mould contribution.  

In general total fungi reached the highest mean values in summer, a growth mainly 
supported by moulds, and yeasts in winter samples. There was a correlation between 
mould (r = 0.480; P< 0.05) and yeast (r = 0.610; P< 0.01) counts with temperature. The 
variance analysis of fungi UFC/L, in each site, revealed that neither yeasts nor moulds 
varied significantly between seasons at Zimão and Flores sites. However, during 
summer moulds increased at Benagouro (F= 10.848; P< 0.01) and Balsa (F= 12.512; P< 
0.01), and yeasts increased at Olo (F= 6.286; P< 0.05). 
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Figure 4 – Box and whisker plots for CFU/mL of total fungi, moulds and yeast CFU/L 
in six sites during winter and summer. Olo – Olo stream, Balsa (Pinhão stream), and 
Zimão, Benagouro and Flores (Corgo stream).  

 

The analysis of total fungi, mould and yeasts counts, by factorial-Anova, based on site 
and sampling date variance, showed differences (P< 0.001) in the combination site x 
sampling data. In Figure 5, representing the plot of mould and yeast counts combining 
site x sampling date, it is clear the variation of fungi densities with sampling period and 
among sites.  

It is worth noting that Zimão, Benagouro and Flores exhibited the highest variations, 
especially in yeasts. In these three sites, located in Corgo stream, moulds were the main 
contributors, among then Penicillium spp., Aspergillus spp. and Pilobobus sp., all 
terrestrial species, were identified. Also, in December samples (2006 to 2008), yeast 
densities among sites were almost the same, which contrast with other sampling periods, 
for instance, July and November 2007. On 2007 winter streams presented less 
discharge, which may enhance fungal concentrations. The trend of sites, in terms of 
total fungi moulds and yeast proportions, indicates that sites such as Balsa and Olo are 
more resilient to changes or are less influenced by them, than the other sites. 

Despite, in general, the yeast counts increased during summer, the diversity of the 
isolates seemed lower than the obtained in winter samples. From the total yeast isolates 
obtained in winter and in summer (n = 178), 54% belongs to Ascomycota and 46% to 
Basidiomycota. The proportion between these two divisions varied among sites and 
season. In winter, Basidiomycota dominate yeast communities in water column at Olo 
site, contrasting with all the other sites, where Ascomycota yeasts predominate (from 53 
to 75%). In summer, this pattern almost inverted, and Basidiomycota yeasts, with the 
exception of Balsa, were the most abundant in all sites. 
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Figure 5 – Semi- logarithmic plot of moulds and yeast counts (UFC/L) obtained from 
December 2006 to December 2008 accord to site x sampling date. Vertical bars denote 
0.95 confidence intervals. 

 

The morphotypes screened by MSP-PCR analysis revealed 136 distinct fingerprintings, 
obtained from 178 yeast isolates. As expected, yeast diversity was higher in winter 
samples and in the less polluted sites such as Olo, Balsa and Benagouro. The three sites 
at Corgo stream, from upstream to downstream (Zimão ?  Benagouro ?  Flores) varied 
in terms of yeast diversity, with Benagouro having the highest species number. 
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