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Mycosands Study (2019-2021)

Soil and water 
samples from 

European beaches

Poor data about
mycobiota of 

beaches

No parameters and limits
for fungi included in the 
evaluation of beaches

qualityfungal pathogens
and implication for 

human health

Pathogenic or potentially pathogenic fungi were identified

Aspergillus fumigatus, A. niger, A. flavus, Candida albicans, C. tropicalis, 
C. parapsilosis, C. glabrata, C. dubliniensis, Cryptococcus spp., 

Rhodotorula spp., Dematiaceous fungi,  Dermatophytes



Mycosands spin-off study (2023)

Environmental & 
bioclimatic factors

Spatial distribution of fungi

Aspergillus spp.
A. fumigatus
A. niger
A. flavus

Dematiaceous fungi
Dermatophytes

Candida spp.
C. albicans
C. parapsilosis
C. tropicalis
C. dubliniensis

Cryptococcus spp.
Rhodotorula spp.

Fusarium spp.

Aspergillus spp.

Molds

Candida spp.

Yeasts
C. glabrata



Environmental data layers

Type of datasets Source Layers Application

Climatic datasets

Solar radiation https://globalsolaratlas.info Horizontal solar radiation Sand data

Temperature and 

precipitation
https://www.worldclim.org Monthly min, max, ave temperature; monthly precipitation Sand data

Soil datasets

Physical properties https://esdac.jrc.ec.europa.eu Dominant soil texture Sand data

Chemical properties https://esdac.jrc.ec.europa.eu CEC, BS, CaCO3, K, P, N, concentration; CN ratio; pH Sand data

Haevy metals https://esdac.jrc.ec.europa.eu As, Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, Sb concentration Sand data

Water datasets

Sea salinity https://catalogue.ceda.ac.uk Sea water salinity Water data

Coastal eutrophication https://sedac.ciesin.columbia.edu Coastal chlorophyill-a concentration Water data

Water temperature https://data.europa.eu Monthly water surface temperature Water data



Number of occurrence points for each analyzed category of fungi

Categories including less than 8 occurrence points were not analyzed

Environmental dataset Occurrence points

Algorithm calculates the probability of
presence (suitability) of the analyzed
category for each value of the variable
in the environmental layer

Outputs:
- Map of suitability distribution of
the category
- Response curves of suitability to
each variable in the environmental
layers
- Contribution of each variable to
the final model

Data analysis

MaxEnt analysis
http://biodiversityinformatics.amnh.org/open_source/maxent/

44 analyses using sand occurrence points 
(11 categories x 4 dataset groups)

7 analyses using water occurrence points 
(7 categories x 1 dataset group)

51 different analyses
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Aspergillus spp.



Texture of soil surface
0   No information
1   Coarse (18% < clay and > 65% sand)
2   Medium (18% <clay and 15% < sand < 65%)
3   Medium fine (< 35% clay and < 15% sand)
4   Fine (35% < clay < 60%)
5   Very fine (clay > 60 %)
9   No mineral texture (Peat soils)
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Aspergillus spp. vs. heavy metals
(Ni, Co, Sb, Cu, Pb, Cd, Cr, Mn, As)

Distribution at the mouths of the main European rivers



A. flavus

A. niger

A. fumigatus

1
Aspergillus spp.
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All molds Aspergillus spp.



Aspergillus spp.Fusarium spp.Dematiaceous

Dermatophytes

Dematiaceous

Molds
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Candida spp. vs. soil properties

Soil physical properties

Analysis using layers with soil chemical properties was not
possible due to the scarse number of occurrence points 
falling in the raster area

Soil chemical properties



Cadmium concentration (mg/Kg)

Candida spp. affinity to cadmium



Candida spp. vs. climatic and water features Yeasts vs. climatic and water features



Yeasts vs. soil properties





Yeasts

Molds

Yeasts & Molds



Average minimum temperature (°C) in January (2011-2018)



Climatic conditions determining spatial distribution of molds and yeasts in sand

MOLDS YEASTS

Mild winters
Minimum temperature above 0 °C

Mild winters
Tolerant to minimum 

temperature below 0 °C

Wide surface exposed
to enviroment

Hyphal sensitivity
to freezing

Hyphal growth inhibited
at low temperatures but
rapid at warm temperatures

Spores germination inhibited
at low temperatures

Limited surface exposed
to enviroment

Reproduction
by budding

A lot of yeasts
are psychrophile

Colonies with internal yeasts cells
protected by the environment



Water features determining spatial distribution of molds and yeasts in water

MOLDS YEASTS

Warm waters
Average water temperature above 18 °C

Rapid loss of heat
due to a wide 
surface exposed
to water enviroment

Hyphal growth rapid at
warm temperatures

Spores germination inhibited
at low temperatures

Limited surface exposed
to water enviroment

Reproduction
by budding

Underwater growth

All waters
No correlation to water temperature

Superficial growth



Chemical properties of soil determining spatial distribution of molds and yeasts

MOLDS YEASTS

Calcium uptake is important
for hyphal growth process

Low concentration of nutrients
advantages molds against plants

High basic pH advantages
molds against bacteria

High efficiency of hyphae in the 
uptake of low concentration nutrients

High CaCO3 concentration, basic pH, low 
concentration of nitrogen, low or high 

concentration of phosphorus

Basic pH, low concentration of nitrogen

High basic pH advantages
yeasts against bacteria

Low concentration of nutrients
advantages yeasts against plants



Physical properties of soil determining spatial distribution of molds and yeasts

MOLDS YEASTS

Medium soil texture advantages molds
which are very efficient to uptake water with hyphae

Yeasts are able to grow
on all surfaces often forming biofilms

Medium or medium-fine soil texture All soil textures



Heavy metals concentration in soil determining spatial distribution of molds and yeasts

MOLDS YEASTS

Ability to precipitate nickel Efficient uptake for cadmium

High concentration of nickel High concentration of cadmium



Conclusions

On the basis of the species distribution analysis carried out using the data collected during the
Mycosands study, the major differences were observed between Aspergillus spp. and Candida
spp. groups, that corresponded to the same differences observed between molds and yeasts.
Therefore the observed differences in distribution seem to be determined by characteristics
that distinguish molds from yeasts such as morphology and ways of reproduction and
dispersion.

This study provides indications about parameters and limits useful to determine the quality of 
beaches and recreational areas along shores

This study provides indications about the geographical areas where beaches could be
potentially exposed to the presence of fungal pathogens



THANKS!


