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ABSTRACT 

Yeast communities were assessed in 14 rivers and four lakes from the Doce River basin in Brazil, during the

rainy and dry seasons of the years 2000 and 2001. Water samples were collected at the subsurface in all

sites. The following physical and chemical parameters were measured: temperature, dissolved oxygen, pH,

electrical conductivity, total phosphorus, ortho-phosphate, ammonium, nitrate, nitrite and total nitrogen and

the counts of faecal coliforms and heterotrophic bacteria were carried out to characterize the aquatic

environmental sampled. The yeast counts were higher in aquatic environments with the highest counts of

coliform and heterotrophic bacteria. These environments receive a high influx of domestic and industrial

waste. A total of 317 isolates identified in forty eight yeast species were recorded in the sites sampled and

the specie Aureobasidium pullulans were found in eleven out of eighteen sites sampled and some

opportunistic pathogens such as the yeast species Candida krusei were isolated only in the polluted rivers

with a positive correlation with the biotic and abiotic parameters that indicate sewage contamination.

Key words: tropical freshwater, yeast diversity and water quality

INTRODUCTION 

Many bodies of water throughout the world are considered

to be impacted by the input of allochthonous material from

industrial and domestic effluents associated with human

activities. These environments can host a great variety of

microorganisms and may be considered a risk to human beings

(9).

Yeasts are common inhabitants of aquatic environments

and their density and species diversity depend on the water

type and purity (11, 12). Despite this fact the knowledge of the

ecology of freshwater yeasts is still incipient and present wide

gaps related in particular to the factor that drive their

distribution patterns, diversity and functional significance in

aquatic systems (28).

Nevertheless, some researchers have proposed using the
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recreational water quality as a complement to the coliform

counts. Some studies have shown a correlation between the
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Candida albicans, Candida parapsilosis, Candida krusei, 

Candida guilliermondii, Candida glabrata and Candida 

tropicalis. 
The main objective of this study was to determine the

levels of microbial water quality indicators and yeast species

present in freshwater environments of the Doce River basin in

Brazil by sampling regions with different levels of

anthropogenic impacts.

MATERIALS AND METHODS 

Study area 
This study was carried out in the Doce River basin, in the

state of Minas Gerais in southeastern Brazil (Figure 1). The

Doce River watershed is one of the most important basins in

southeastern Brazil. The waters of the Doce River basin are

used by more than 3 million inhabitants in approximately 300

municipalities. Rapid urbanisation has resulted in a lack of

basic sanitation, resulting in degradation of the aquatic

ecosystems of this region (18). Water samples were collected

from two regions of the Doce River basin: Serra do Cipó and

the Middle Doce River basin.

 
Figure 1. Location of the sampling stations (1-PEI1; 2-PEI2; 3-PER; 4 – SBR and CA; 5- PIR; 6- IPR; 7-SER; 8- DOL and CAL;
9-DOR; 10-ACL; 11-AML; 12-IND1, IND 2, IND 3 AND IND 4) in the middle Rio Doce basin, Minas Gerais State-Brazil
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Serra do Cipó is located in the central part of Minas

Gerais State (19° 12’ - 19° 34’ S, 43° 27’ - 43° 38’W) and

separates two important Brazilian watersheds: the São

Francisco River basin and the Doce River basin. This region

has a subtropical climate with a marked dry season, and the

annual medium temperatures oscillate between 17°C and 19°C

(7). In this region, a longitudinal gradient was studied and

water sample was collection from five sites in the Indaiá

stream, named IND1 (1st order), IND2 (2nd order), IND3 (3rd

order), IND4 (3rd order) and IND5 (4th order). A first order

stream has no tributaries. When two first-order streams meet,

they form a second-order stream, and so on (13). The IND sites

are located inside the Serra do Cipó National Park, and these

points are considered to be free of anthropogenic impacts.

Samples were also collected from two sites in the Peixe river,

named PEI1 and PEI2 (5th and 6th order stretches, respectively),

that are located outside of the Serra do Cipó National Park and

have been affected by humans (7).

The middle stretch of the Doce River basin is located in

southeastern Brazil. This region also includes the Doce River

State Park (ca. 36,000 ha), the largest remnant of the Atlantic

Forest in the State of Minas Gerais and one of the few places in

Brazil where non-impacted natural lakes can be found. The

climate of this region is characterised by two well-defined

seasons: a dry season from May to August/September and a

rainy season from October to March (18). In this region, seven

rivers were sampled representing the mainly sub-basin of the

middle Rio Doce basin: the Caraça (CAR), Santa Bárbara

(SBR), Peixe (PER), Severo (SER), Piracicaba (PIR), Ipanema

(IPR) and Doce rivers (DOR). Four lakes from the region

were also studied, two located in the Doce River State Park,

Carioca Lake (CAL) and Dom Helvécio Lake (DOL); and the

other two sites located outside of the park, in the region of the

Eucalyptus reforestation area, Amarela Lake (AML) and

Águas Claras Lake (ACL) (21).

Sampling 
Sample collections and physical and chemical

measurements were carried out in the rainy and dry periods in

January and August, respectively, of both 2000 and 2001.

Water samples were collected at the littoral zone of the rivers.

In the lakes, the samples were collected in the limnetic zone in

the sub-surface water column. The water samples for

microbiological analysis were directly collected into sterilised

bottles. The samples were transported to the laboratory on ice

and the analyses were carried out within 8 h of sampling.

The water temperature, electric conductivity, pH and

dissolved oxygen were measured in situ with a multi-probe

analyser (Horiba, mod. U-22). At all of the sites, water samples

were collected to determine the contents of total nitrogen,

nitrate, nitrite (17), ammonium, total phosphorus and

phosphate (10).

The quantification of faecal coliform bacteria was made

by the standard most probable number (MPN) method

according to Eaton et al. (9). Water samples were inoculated

into lactose broth (Difco, USA) for the presumptive phase. If

the water samples showed positive results in the presumptive

phase, it was then inoculated into brilliant green lactose bile

broth (Difco, USA) for total coliforms (TC) and EC broth

(Difco, USA) to confirm the presence of faecal coliforms

(incubated at 44.5oC ± 0.2 during 24 h). The results were

expressed as MPN per 100 mL of water sample. The

enumeration of heterotrophic bacteria was performed utilising

the pour plate method on NWRI agar incubated at 25oC, for

five days (9). For yeast isolation, 0.1 ml aliquots of undiluted

water samples were spread in triplicate on YMA (1% glucose,

0.5% peptone, 0.3% malt extract, 0.3% yeast extract, 2.0%

agar) supplemented with 200 mg chloramphenicol L-1. The 

plates were incubated at room temperature (25 3ºC) during 5

days. Each different yeast morphotype was counted, purified,

and maintained on YM slants or frozen at -80ºC for later

identification. The yeasts were characterised by standard

methods (30). Identifications followed the taxonomic keys of

Kurtzman & Fell (15). Yeasts isolates of uncertain identity

were confirmed by sequencing the D1/D2 variable domains of

the large subunit rDNA using the primers NL-1 (5’-GCATATC
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Medeiros, A.O. et al.            Diversity of yeasts from tropical lakes and rivers

AATAAGCGGAGGAAAAG-3’) and NL-4 (5’-GGTCCGTG

TTTCAAGACGG-3’). The DNA extraction were done

according to Brandão et al (6) and the D1/D2 variable domains

of the large subunit of the r RNA gene were amplified as

described by Lachance et al (16) . Sequencing of the D1/D2

domains was performed directly from purified PCR products

using a MegaBaceTM 1000 automated sequencing system

(Amersham Biosciences). The sequences obtained were

compared with those included in the GenBank database using

the BASIC LOCAL ALIGNMENT SEARCH TOOL (BLAST

at http://www.ncbi.nlm.nih.gov) (1).

Statistical Analyses 
To verify the significantly differences among the sites

sampled (rivers X lakes), the years when the studies were

conducted (2000 and 2001) and the period (dry and rainy) a

PERMANOVA test was used with a software package

PERMANOVA for PRIMER, 2006 (2). The Canonical

Correspondence Analysis (CCA) was used to verify the main

trend of distribution of yeast species in relation to the biotic

and abiotic parameters. The biotic data were transformed in log

(x+1). For the CCA analyses were utilized the program

CANOCO for Windows 4.5 (29).

RESULTS 
 

Physical and chemical parameters 
In all of the analysed sites, the highest temperatures were

obtained during the rainy period. In Serra do Cipó, the

temperature varied from 14°C to 23.5°C and in the middle of

the Rio Doce basin, from 12.7°C to 29°C. The pH values

varied from 4.0 at the CAR site (rainy season of 2000) to 8.0 at

the SBR site (rainy season of 2001). In Serra do Cipó, the

sample sites showed acidic water during the rainy season (pH

4.2 – 5.7) and during the dry season the pH levels increased

(pH 4.7 – 7.2). The conductivity values were highly variable

during the sample years (1 µS/cm to 375 µS/cm) and were

higher during the rainy season. The sites from Serra do Cipó

had the lowest values for these parameters. The values for

dissolved oxygen ranged from 0.3 mgL-1 to 10.3 mg L-1,

generally being higher during the dry season. In the rivers, the

values of dissolved oxygen reached up to 5.6 mg L-1, except at

the IPR site. In the lakes, the values of dissolved oxygen varied

from 2.7 to 11.0 mg L-1. The values of total phosphorus ranged

from 9.2 µg L-1 to 28 µg L-1 in the Serra do Cipó sample sites.

In the rivers of the middle Doce River basin, the values ranged

from 4.7 µg/L (CAR site - rainy season) to 843.3 µg L-1 (IPA

site - dry season). Soluble reactive phosphorus values ranged

from 1.2 µg L-1 to 455.5 µg L-1, with the lowest values being

found in the lakes. Total nitrogen ranged from 48.1 µg L-1 to

5,988.0 µg L-1 and the ammonium values ranged from 2.6 µg

L-1 to 3,320.0 µg L-1, with the highest values obtained at the

IPR site. For all of the sites sampled, the values of nitrate

ranged from 0.5 to 826.0 µg L-1, and those of nitrite ranged

from 1.6 µg L-1 to 193.2 µg L-1. The majority of the sample

sites in Serra do Cipó had values of ammonia and nitrite that

were below the detection limits for the method used.

Microbial parameters 
Table 1 show the results of coliform counts. In Serra do

Cipó, the sites PEI1 and PEI2 showed the highest counts of

coliforms (2,200 to 2,800 MPN 100 mL-1 of total coliforms and

500 to 700 MPN 100mL-1 of faecal coliforms, respectively)

during all sampled periods, with even higher counts found

during the rainy season of 2000. In the middle part of the Doce

River basin, the coliform counts ranged from < 2 MPN 100

mL-1 (CAR site) to 1,600,000 MPN 100mL-1 (IPR site). In the

lakes, the coliform counts were high in the year 2000, with

total coliform counts reaching up to 500 MPN 100 mL-1 and

faecal coliform counts reaching up to 330 MPN 100mL-1. The

lowest counts of total and faecal coliform bacteria were found

in Carioca Lake.

Yeasts were isolated in all sites sampled in Serra do Cipó,

and the highest counts were found in the site PEI2 (420 cfu

mL-1) (Figure 2: mean ± standard error, n = 3). The number of

heterotrophic bacteria in these sites ranged from 1.9 x 102 to
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Medeiros, A.O. et al.            Diversity of yeasts from tropical lakes and rivers

3.0 x 105 cfu mL-1, and the highest counts were found during the

dry season. In the sample sites in the middle Doce River basin

(Figure 3: mean ± standard error, n = 3), the number of yeasts

during all periods sampled ranged from 10 to 466 cfu mL-1. The

highest counts of yeast were found in the sites SER (186 cfu

mL-1), PIR (466 cfu mL-1) and IPR (383 cfu mL-1) during the dry

season of 2000. The sampled rivers in the middle of the Doce

River basin had the highest counts of heterotrophic bacteria. In the

lakes, the yeast counts ranged from 3.3 to 13.3 cfu mL-1. At Dom

Helvécio Lake yeasts were found only in the rainy season of the

sampled years. In Aguas Claras lake (ACL), yeasts ranged from

3.3 to 10 cfu mL-1and were isolated in all sample dates. In

Amarela Lake (AML) yeasts were isolated only during the dry

season of 2000, counts of heterotrophic bacteria ranged from 1.0 x

103 to 3.0 x 105 cfu mL-1 and the highest counts were found during

the rainy season of 2000 for all of the lakes.

Table 1. Most probable number of total and faecal coliforms in the sites sampled during the rainy and dry seasons of 2000 and
2001.

site Site Total coliforms 
 (NMP100 mL-1) 

 Fecal coliform 
(NMP100 mL-1) 

year  2000 2001 2000 2001 

rainy IND1 40 33 <2 33
IND2 110 50 20 2
IND3 170 21 40 2
IND4 170 220 20 2
IND5 140 220 <2 80
PEI1 2800 240 500 26
PEI2 2200 240 700 50
CAR 2 <2 2 <2
SBR 28000 200 22000 200
PER 50000 800 30000 170
SER 160000 160000 160000 160000
PIR 160000 1600000 50000 3400
IPR 160000 1600000 160000 1600000
DOR 30000 24000 30000 800
DOL 500 7 20 <2
AML 140 60 14 <2
ACL 90 4 19 <2
CAL ND 8 ND 4

DRY IND1 19 90 <2 11
IND2 19 23 <2 4
IND3 40 14 <2 4
IND4 40 24 <2 4
IND5 40 280 20 80
PEI1 110 900 80 220
PEI2 110 500 80 280
CAR <2 400 <2 200
SBR 22000 200 2000 <2
PER 7000 7000 2000 1100
SER 8000 200 7000 <2
PIR 160000 160000 9000 9000
IPR 160000 160000 35000 160000
DOR 30000 3400 22000 3400
DOL 110 1600 90 <2
AML 90 80 60 7
ACL 340 6 330 <2
CAL ND 4 ND 4
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Figure 2. Counts of heterotrophic bacteria (A) and yeasts (B) in the sampled sites in Serra do Cipó during the rainy and dry
seasons of 2000 and 2001 (mean ± SE, n=3). Abbreviations are described in the text.
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Figure 3. Counts of heterotrophic bacteria □ and yeasts ■, during the rainy and dry seasons of 2000 and 2001 (means ± SE, n=3)
in the sample sites in the middle of the Doce River basin.
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Yeast species 
In the present study, we recorded a total of 317 yeast

isolates belonging to 21 genera and 48 species, including the

colourless algae Prototheca spp. (Table 2). 18 yeast species

were identified in the sites sampled at Serra do Cipó. This

species belong to the genera Aureobasidium, Candida,

Cryptococcus, Debaryomyces, Kloekera, Kodamaea,

Metschinikowia, Pichia and Rhodotorula. The highest number

of yeast species were found in the Peixe river (5 and 8 yeasts

species in sites PEI1 and PEI2, respectively) and the species

Kloeckera japonica had the highest frequency and the the

black yeast Aureobasidium pullulans was prevalent at the

sample sites of Serra do Cipó.

In the sampled sites at the middle of the Doce River basin,

the rivers had the highest numbers of yeast species. The IPR

site presented the highest number of species during the dry

season of 2001 with 18 species of yeasts from the 20 species

identified in this site during this study. In the lakes, the highest

number of species were found during the dry season of 2000 in

the ACL (9 species). Some yeast species, such as Meyerozyma 

guilliermondii and Kloekera apis, were isolated from the rivers

at the middle of the Doce River basin. The genus with the

highest number of species identified was Candida (13 different

species). The opportunistic species C. guilliermondii and C. 

krusei were isolated from the rivers and Candida krusei mainly

in the rainy period of 2000. Cryptococcus laurentii, C. luteolus, 

C. hungaricus and C. albidus were isolated from almost all of

the sampled sites. Species of Rhodotorula were isolated at the

IPR and PIR sites from the middle of the Doce River basin.

The other species isolated in the present study had low counts.

The colourless algae Prototheca was isolated at the site IPR,

located at the middle of the Doce River basin.

Table 2. The density of yeast species (cfu ml-1) sampled in the rainy and dry seasons of 2000 and 2001. (mean ± SE, n=3).
Sites yeast species period of samples 
    Rainy (2000) Dry (2000)   Rainy (2001) Dry (2001) 
IND1 Kodamaea ohmeri 3.3

Rhodotorula mucilaginosa 33.3

IND2 Aureobasidium pullulans 10.3

IND3 Aureobasidium pullulans 23.3
Debaryomyces hansenii 5
Kodamaea ohmeri 3.3

IND4 Aureobasidium pullulans 10
Candida blankei 85
Candida entomophila – like 5
Candida melibiosica 20
Cryptococcus albidus 25 15
Kodamaea ohmeri 3.3
Wickerhamomyces pijperi* 3.3

IND5 Candida palmioleophila* 3.3
Candida parapsilosis 5

PEI1 Aureobasidium pullulans 3.3 3.3
Candida guilliermondii 70
Cryptococcus luteolus 3.3
Kloeckera japonica 153
Rhodotorula glutinis 3.3

PEI2 Aureobasidium pullulans 6.6 13.3 3.3 6.6
Kloeckera apis 3.3
Kloeckera japonica 350
Rhodotorula glutinis 6.6
Trichosporon montevideense* 13.3
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Table 2. Continuation
Sites yeast species period of samples 
    Rainy (2000) Dry (2000)   Rainy (2001) Dry (2001) 

Cryptococcus laurentii 6.6
 
Metschinikowia reukaufi 10
Pichia kluyveri 6.6
 

SBR Saccharomycopsis crataegensis* 10

PER Aureobasidium pullulans 3.3
Candida krusei 3.3
Meyerozyma guilliermondii 20

SER Aureobasidium pullulans 10
Candida ethanolica 3.3
Candida krusei 20
Candida pararugosa* 3.3
Cryptococcus huimpi – like 16
Cryptococcus laurentii 6.6 10
Kloeckera apis 100
Kluyveromyces marxianus* 26
Meyerozyma guilliermondii 3.3
Rhodotorula glutinis 6.6

PIR Candida blankii – similar 3.3
Candida catenulata 3.3
Candida melibiosica 3.3
Candida sp1 90
Cryptococcus laurentii 20
Cryptococcus luteolus 277
Cryptococcus sp. 153
Kluyveromyces marxianus 13
Pichia kudriazivei* 3.3 6.6
Rhodotorula mucilaginosa 6.6
Trichosporon  laibachii 3.3
 

IPR Aureobasidium pullulans 10
Candida krusei 10 3.3
Candida palmioleophila* 66
Candida parapsilosis 161
Candida rugosa 3.3
Candida sp2 3.3
Cryptococcus albidus 6.6
Debaryomyces hansenii 3.3
Galactomyces geotrichum 6.6
Issatchenkia scutulata 3.3
Kloekera apis 23.3
Kodamaea ohmeri 6.6
Prototheca zopfii 3.3 33.3
Pseudozyma antarctica 3.3 3.3
Rhodotorula glutinis 3.3
Rhodotorula mucilaginosa 26.6
Saccharomyces cereviseae 3.3
Sympodimycopsis paphiopedili* 10
Yarrowia lipolytica* 13.3
yeast-like- fungus 3.3
 

DOR Candida glabrata – like 6.6
Candida krusei 6.6
Candida parapsilosis 6.6
Cryptococcus magnus 5
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Table 2. Continuation
Sites yeast species period of samples 
    Rainy (2000) Dry (2000)   Rainy (2001) Dry (2001) 
DOL Candida parapsilosis 5

AML Aureobasidium pullulans 6.6
Cryptococcus hungaricus 3.3
 

ACL Aureobasidium pullulans 6.6
Candida parapsilosis 12
Cryptococcus albidus 3.3
Cryptococcus hungaricus 5
Cryptococcus luteolus 6.6 5
Leucosporidium scottii 300
Pseudozyma antarctica 6.6
Rhodotorula glutinis 190
Rhodotorula mucilaginosa 3.3
 

CAL Aureobasidium pullulans 230
Rhodotorula glutinis 13
Trichosporon montevideense* 36

* Yeast isolates with their identity confirmed by sequencing of the D1/D2 variable domains of the large subunit DNA.
 
Statistical analyses 

The results obtained in relation to PERMANOVA didn’t

indicate significantly differences in relation to the biotic parameter

found in the different years, sites and station (p > 0.05). According

to the CCA (Figure 4), where the two axes accounted for 70% of

the total variability of the data the first and second axes explained

47% and 23% of the total data variability, respectively. The values

of total phospurus, total nitrogen, temperature, pH, total and faecal

coliforms, nitrite, ammonium and the yeast species Candida 

krusei, Candida parapsilosis, Candida sp1, Candida catenulada,

Metschinikowia reukaufi and Rhodotorula mucilaginosa have a

positive correlation. On contrary the values of dissolved oxygen

had a negative correlation with the species Aureobasidium 

pullulans, Candida sp2, Candida pararugosa, Kloekera japonica, 

Rhodotorula glutinis and Meyerozyma guilliermondii.
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Figure 4. Correlation of biotic and abiotic parameters with the two axes of
Canonical Correspondence Analyses (CCA). TEMP = temperature,

condut=conductivity, OD= dissolved oxygen, P-total = total phosphorus, PO4

– orthophosphate, N- tot = total nitrogen, NH4 = nitrate, NO3 = nitrite, AP =

Aureobasidium pullulans, Cb1= Candida blankei, Cb2= Candida blankei-

similar, Cc= Candida catenulata, Cn= Candida entomophila-like, Ct=

Candida ethanolica, Cg= Candida glabrata-like, Cu= Candida 

guilliermondii, Ck= Candida krusei, Cm= Candida melibiosica, Cp=

Candida palmioleophila, Cr=Candida parapsilosis, Cs= Candida 

pararugosa, Cr= Candida rugosa, C1= Candida sp1, C2= Candida sp2, Cra=

Cryptococcus albidus, Crh= Cryptococcus huimpi-like, Cru= Cryptococcus 

hungaricus, Crl= Cryptococcus laurentii, Crs= Cryptococcus luteolus, Crm=

Cryptococcus magnus, Cr1= Cryptococcus sp., Dh=Debaryomyces hansenii,

Gg = Galactomyces geotrichum, Is= Issatchenkia scutulata, Ka = Kloekera 

apis, Kj= Kloekera japonica, Kp= Kloekera apis, Km = Kluyveromyces 

marxianus, Ko= Kodamaea ohmeri, Ls – Leucosporidium scottii, Mr=

Metschinikowia reukaufi, Mg= Meyerozyma guilliermondii, Pk= Pichia 

kluyveri, Ku= Pichia kudriazivel, Pz= Prototheca zopfii, Pa= Pseudozyma 

antartica, Rg= Rhodotorula glutinis, Rm= Rhodotorula mucilaginosa, Sc= 
Saccharomyces cereviseae, Sa= Saccharomycopsis crataegensis, Sp=

Sympodimycopsis paphiopedili, Tl= Trichosporum laibachii, Tm=

Trichosporum montevideense, Wp= Wicherhamomyces pijperi, Yl= Yarrowia 

lipolytica and Yf= yeast like fungus.     
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DISCUSSION 
 

In the present study, the rivers sampled at the middle of

the Doce River basin generally had the highest counts of the

microorganisms studied. In regard to the coliform group, which

was used to indicate the water quality of the sites sampled, at

Serra do Cipó the counts were highest at the sites located

outside of the National Park of Serra do Cipó. These sites

receive large amounts of organic matter from non-treated

effluents from the farms and small towns surround the region

(7). The rivers sampled at the middle of the Doce River basin

had very high counts of coliform bacteria, and these rivers are

under different types of human influences, such as domestic

and industrial effluents (22).

The counts of heterotrophic bacteria can be related to the

presence of organic matter and, as with the counts of coliform

bacteria, heterotrophic bacteria had the highest counts at the

rivers in the middle of the Doce River basin, sites known to

receive industrial and domestic effluents or waste from cattle

raising (22). The same association occurred with the yeast

densities, which were high in the sites with high counts of

coliform bacteria. Studies done by de Almeida et al. (8) and

Brandão et al. (5) found a positive correlation between the

counts of yeasts detected after incubation at 37°C and the

occurrence of E. coli in the Tagus estuary in Portugal and lakes

in Southeastern Brazil, respectively.

The variability of microbial counts found in the present

study could be explained by the different level of water quality

of these environments, as they receive different kinds and

levels of pollutants in the form of wastewater, industrial

effluents and others. Another explanation could be the atypical

rainy season of the two years sampled in the present study,

when in the year 2001, rain densities were very low compared

to the year 2000 (personal communication).

In the present study, 48 yeast species were isolated and

the number of species varied among the sampled sites. Most of

the isolated yeast species have been commonly associated with

soil, plants and animals, and probably entered the aquatic

environment by the rain (20). The number of species increased

in sites where the counts of total and faecal coliforms were

high. Some species were only isolated at sites with high counts

of coliform bacteria and some of these have been reported as

opportunistic pathogens. This is the case for Candida krusei,

which was isolated only in the rainy season of 2000 at sites

with high levels of coliform bacteria (PER, SER, IPR and

DOR). According to Sláviková et al. (24) and Sláviková &

Vadkertiová (25, 26, 27), this species is characteristic of water

polluted by wastewater. Candida krusei was detected by

Medeiros et al. (19) in a river from the Doce River basin

(Piracicaba river). In that same study, they tested this yeast

against five antifungal drugs (ketoconazole, fluconazole,

itraconazole, terbinafine and amphotericin B), and found that it

was resistant to all of them. Candida parapsilosis, another

species considered to be an opportunistic pathogen, was

isolated mainly in rivers and lakes with low levels of total and

faecal coliforms (IND5, DOR and ACL), except for the DOL

site. This species was reported by Medeiros et al. (19) in rivers

and lakes of the Doce River basin with different levels of

pollution. The Cryptococcus species have been isolated from

aquatic ecosystems around the world, including oligotrophic,

mesotrophic and eutrophicated environments (20). In the

present study, these yeasts were isolated from nine of the 18

sites sampled and only four of these sites had the highest

counts of total and faecal coliforms (SER, PIR, IPR and DOR).

The yeast-like colourless algae Prototheca was isolated at

the sites IPR (P. zopfii). This algae was isolated from other

aquatic environments containing high levels of organic matter

(14, 23) and is considered an emerging pathogen (14). The

specie Aureobasidium pullulans were isolated in the majority

sampling sites that corroborate the suggestion that this yeast-

like species is often isolated from many different types of water

(19, 6).

In the present studies yeast counts and some species that

are considered opportunistic pathogens as Candida krusei and

Candida parapsilosis (20) were positive correlated with the

parameters that were indicative of the presence of domestic
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(2004). Diversity assessment of benthic macroinvertebrates, yeasts and

microbiological indicators along a longitudinal gradient in Serra do

Cipó, Brazil. Braz. J. Biol. 64 (4), 743-755.

8. De Almeida, J.M.G.C.F. (2005). Yeasts community survey in the Tagus

estuary. FEMS Microb. Ecol. 53 (2), 295-303.

9. Eaton, A.D.; Greenberg, A.E.; Clesceri, L.S.E. (2005). Standard 

Methods for the Examination of Water and Waste Water. 21th ed.

A.P.H.A, Washington. 1600p.

10. Golterman, H.L.; Clymo, R.S.; Ahmstad, A.M. (1978). Methods for 

physical and chemical analysis of fresh water. Oxford: Blackwell

Scientific Publ. Grasshoff, K. (1976). Methods of Seawater Analysis.

Verlag Chemie. New York: Weinheim.

11. Hagler A.N. (2006). Yeasts as indicator of environmental quality. In:

Rosa C.A, Gábor P (Eds.), Biodiversity and ecophysiology of yeasts.

Berlin: Springer, p. 515-532.

12. Hagler, A.N.; Ahearn, D.G. (1987). Ecology of aquatic yeasts. In: Rose,

A. H; Harison, J.S. (2ed). The yeasts: Biology of yeasts, London:

Academic Press. p.181-205.

13. Johnson, B.L.; Richardson, W.B.; Naimo, T.J. (1995). Past, Present, and

Future Concepts in Large River Ecology. BioScience. 45 (3), 134-141.

14. Krcmery, V. (2000). Systemic chlorellosis, an emerging infection in

humans caused by algae. Int. J. Antimicrob. Agents. 15 (3), 235–237.

15. Kurtzman, C.P.; Fell, J.W. (1998). The yeast: a taxonomic study. 4ed.

Amsterdan Elsevier Science B.V.

16. Lachance, M.A.; Bowles, J.M.; Starmer, W.T. & Barker, J.S. (1999).

Kodamaea kakaduensis and Candida tolerans, two new ascomycetous

yeast species form Australian Hibiscus flowers. Can. J. Microbiol. 45,

(1) 172-177.

17. Markereth, F.J.H.; Heron, J.; Talling, J.F. (1978). Water analysis: some

revised methods for limnologists. Freshwater Biological Association,

Cumbria and Dorset, England.

18. Marques, M.M.; Barbosa, F.A.R. (2001). Biological quality of waters

from in an impacted tropical watershed (middle Rio Doce basin,

southeast Brazil), using benthic macroinvertebrate communities as an

indicator. Hydrobiologia. 457, (1-3) 69-76.

19. Medeiros, A. O.; Kohler, L.M.; Hamdan, J.S.; Missagia, B.S.; Barbosa,

F.A.R.; Rosa, C.A. (2008). Diversity and antifungal susceptibility of

yeasts from tropical freshwater environments in Southeastern Brazil.

Water Res. 42, 3921-3929.

20. Nagahama, T. (2006). Yeast biodiversity in freshwater, marine and deep-

sea environments. In: Rosa CA, Gábor P (Eds.), Biodiversity and 

ecophysiology of yeasts. Berlin: Springer, pp. 241-262.

 1593

Brazilian Journal of Microbiology (2012): - 43.pdf http://www.scielo.br/pdf/bjm/v43n4/43.pdf

12 de 13 28/02/13 05:12



Medeiros, A.O. et al.            Diversity of yeasts from tropical lakes and rivers

21. Petrucio, M.M.; Barbosa, F.A.R.; Furtado, A.L.S. (2006).
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