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Abstract

The Havana aeromycobiota diversity was studied from November 2010 to October 2011 using two complementary volu-
metric methods. A total of 35 fungal genera were characterised, 26 of them were recognised only by non-viable methods,
six with viable methodology and the other three with both sampling methods. Furthermore, 47 species were identified by
cultivation and the spores collected with the non-viable methodology. These could not be included in a specific genus,
and thus, were categorised into five fungal types. In general, the main, spread worldwide, mitosporic fungi also predomi-
nated the Havana atmosphere. The predominant species were Cladosporium cladosporioides, Aspergillus flavus and Penicillium
citrinum. Moreover, several Zygomycetes (Syncephalastrum racemosum, Rhizopus stolonifer and Rhizopus oryzae), Ascomycetes
(Chaetomium globosum) and Basidiomycetes such as Coprinus or Ganoderma were isolated. In the present paper, the review
of the airborne fungi conducted in previous studies in Cuba was completed by the detection of two new genera and the first
isolation of ten new records in the Cuban atmosphere. Most of the fungi detected showed a diurnal pattern with high spore

peak at 11.00-12.00.
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The identification and enumeration of fungal spores
in the air are of great interest, because they are
potential allergens that can cause important res-
piratory problems (Toivola et al., 2002; Raphoz
et al., 2010) or pathogens causing serious economic
losses in crops (Fernandez-Gonzalez et al., 2012).
Furthermore, some spore types could induce bio-
deterioration processes in a wide range of materials
(Mesquita et al., 2009; Guiamet et al., 2011).

In Cuba, the first environmental mycobiota studies
were only focused on the relationship between fungi
propagules and allergic processes. Fuentes (1958)
conducted a review of the researches about these
issues during the decade 1945-1955. Some of these
studies stated a marked exacerbation of the clinical
symptomatology during the highest airborne fungi
concentration periods (Estrada de la Riva, 1951),
which some authors located during winter (Cadrecha

& Fernandez de Castro, 1955), while others report
the influence of weather parameters in the airborne
spore concentrations (Quintero Fossas, 1964). All
aforementioned studies, as well as other recently
conducted in different Cuban localities (Seidel &
Réuber, 1970; Rojas et al., 2002), were based on a
gravimetric methodology, which limits the expression
of their results to the quantification of the identi-
fied colonies. The study by Herrera et al. (2003) in
Santa Clara detected 24 types of spores using a gravi-
metric method with slides coated with an adhesive
substance.

More recently, the use of viable volumetric meth-
ods allowed to identify the most common fungi in
the atmosphere of Havana (Rojas et al., 2007) and
to assess the activity of fungal plant pathogens that
affect rice (Almaguer et al., 2012). However, outdoor
studies are scarce, and most of them were focused
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Table I. Total concentrations, relative density and frequency of the detected fungi.

Spores

Propagules

Direct microscopy

Culture-based method

Genus, species or sporal type TC RD RF TC RD RF
Alternaria Nees. 1396 0.6 49.4 - - -
Beltrania Penzig. 41 0.0 9.4 — — —
Bipolaris Schoemaker 1338 0.6 73.2 - - -
Cercospora Fres. 369 0.2 20.8 — — —
Chaetomium Kunze 165 0.1 13.9 - - -
Coprinus Pers. 17 244 7.6 73.4 — — —
Curvularia Boedijn 3286 1.4 40.8 - — -
Fusarium Link 1150 0.5 56.2 - - -
Ganoderma Karst. 1446 0.6 63.1 - - -
Gliomastix Gueg. 1895 0.8 61.6 — — —
Helicoma Corda 19 0.0 4.4 - - -
Helicomyces Link 141 0.1 22.5 — — —
Leptosphaeria Ces. et De Not. 20591 9.0 45.5 - - -
Nigrospora Zimm. 2557 1.1 81.9 — — —
Paraphaeosphaeria Erik. 153 0.1 20.5 - — -
Periconia Tode 2311 1.0 71.6 — — -
Pestalotiopsis Steyaert 206 0.1 31.8 - — -
Pithomyces Berk. et Broome 561 0.2 48.8 - — —
Pleospora Rabenh. ex Ces. et De Not. 325 0.1 29.6 — — -
Pseudocercospora Speg. 321 0.1 15.6 — — -
Pyricularia Sacc. 164 0.1 12.3 - — —
Sporidesmium Link 47 0.0 10.7 — — —
Stemphylium Wallr. 55 0.0 9.6 - — —
Tetraploa Berk. et Broome 51 0.0 12.9 - - -
Torula Pers. 576 0.3 39.7 - - -
Venturia Sacc. 452 0.2 20.2 - — -
Cephalosporium Corda - - - 34 0.1 2.3
Geotrichum Link - - - 34 0.1 2.3
Gliocladium Corda - - — 34 0.1 2.3
Memnoniella Hohn. - - - 34 0.1 2.3
Nodulisporium Preuss. - - - 34 0.1 2.3
Phoma Sacc. - - - 34 0.1 2.3
Epicoccum Link 327 0.1 24.4 34 0.1 2.3
Monodictys Hughes 1052 0.5 34.2 34 0.1 2.3
Spegazzinia Sacc. 193 0.1 27.4 34 0.1 2.3
Aspergillus | Penicillium-type 16392 7.2 53.6 — — -
Cladosporium cladosporioides-type 148717 65.3 96.7 - - -
Cladosporium herbarum-type 1982 0.9 52.9 - — -
Xylariaceae-type 940 0.4 36.2 - — —
Uredinales-type 1238 0.5 50.7 - - -
Acremonium strictum W. Gams - — - 34 0.1 2.3
Alternaria tenuissima (Kunze ex Pers.) Wiltshire - — - 1380 4.5 45.2
Aspergillus candidus Link - - - 34 0.1 2.3
Aspergillus clavatus Desm. - — - 34 0.1 2.3
Aspergillus flavus Link — — — 1552 5.0 59.5
Aspergillus foetidus Thom et Raper - — - 34 0.1 2.3
Aspergillus japonicus Saito - - - 103 0.3 4.8
Aspergillus niger van Thieghem - — - 1069 3.5 40.5
Aspergillus niveus Blochwitz - - - 34 0.1 2.3
Aspergillus ochraceus G. Wilh. - - - 34 0.1 2.3
Aspergillus oryzae (Alburg) Cohn. - - - 138 0.4 9.5
Aspergillus sidowii (Bain. et Sart) Thom et Church - - - 34 0.1 2.3
Aspergillus terreus Thom - - - 34 0.1 2.3
Bipolaris autraliensis (M.B.Ellis) Tsuda et Ueyama - - - 103 0.3 4.8
Bipolaris hawaiiensis (M.B. Ellis) Uchida et Ueyama - - - 34 0.1 2.3
Chaetomiun globosum Kunze - - - 34 0.1 2.3
Chrysonilia sitophila (Mont) Arx - - - 724 2.3 21.4

(Continued)
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Spores Propagules

Direct microscopy Culture-based method

Genus, specie or sporal type TC RD RF TC RD RF
Cladosporium cladosporioides (Fresen.) G.A. de Vries — - - 20177 65.3 95.2
Cladosporium oxysporum Berk. et M.A. Curtis — — — 103 0.3 7.1
Cladosporium sphaerospermun Penz. - - - 34 0.1 2.3
Cladosporium tenuissimun Cooke — — — 69 0.2 4.8
Curvularia aeria (Bat., J.A. Lima et C.T. Vasconc.) — — — 552 1.8 28.6
Curvularia clavata B.L. Jain - — — 69 0.2 2.3
Curvularia verruculosa Tandon et Bilgrami ex M.B. Ellis — - - 69 0.2 2.3
Fusarium graminearum Schwabe - - — 34 0.1 2.3
Fusarium lateritium Nees — - - 138 0.4 7.1
Fusarium oxysporum Schlecht. — - — 69 0.2 4.8
Fusarium semitectum Berk. et Rav. — — - 172 0.6 7.1
Fusarium sulphureum Schlecht. — — — 103 0.3 2.3
Nigrospora sphaerica (Sacc.) Manson - - — 34 0.1 2.3
Pacecilomyces variotii Bain — — - 34 0.1 2.3
Penicilium chysogenum Thom - - — 345 1.1 14.3
Penicillium aurantiogriseum Dierckx — — - 172 0.6 7.1
Penicillium brevicompactum Dierckx - - - 69 0.2 2.3
Penicillium citrinum Thom - - - 1966 6.4 7.1
Penicillium digitarum (Per. Fr.) Sacc. - - - 34 0.1 2.3
Penicillium glabrum (Wehmer) Westling — - - 172 0.6 2.3
Penicillium griseofulvum Dierckx - - - 34 0.1 2.3
Penicillium oxalicum Curri et Thom - — - 103 0.3 2.3
Penicillium purpurogenum Stoll - - — 34 0.1 2.3
Penicillium waksmanii K.M. Zalessky - — - 310 1.0 7.1
Rhizopus oryzae Went & Prins. Geerl. — — — 69 0.2 4.8
Rhizopus stolonifer (Ehrenb.) Vuill. - - - 34 0.1 2.3
Scopulariopsis candida (Gueguen) Vuill - - — 34 0.1 2.3
Syncephalastrum racemosum Cohn ex Schrot - - - 69 0.2 2.3
Trichoderma harzianum Rifai - - - 34 0.1 2.3
Trichoderma viride Pers. ex Gray - - - 34 0.1 2.3
Total spores/isolates identificated 227702 - - 30903 - -

Remark: C, total concentration; RD, relative density; RF, relative frequency.

on the assessment of the fungal destructive effect on
cultural heritage (Borrego et al., 2010; Borrego &
Perdomo, 2012; Rojas & Aira, 2012; Rojas et al.,
2012) or about the air quality evaluation in homes
(Aira et al., 2002). The use of volumetric systems
for fungal propagules sampling represents a great
advantage in relation to gravimetric methods since
they allow to obtain quantitative results as colony
forming units per volume of air (CFU/m?). Even
though, in order to characterise the fungal biodi-
versity of a given area, we recommend its combi-
nation with non-viable volumetric methods (Magyar
et al., 2009). Despite the fact this sampling system
impedes fungus culture and, therefore, the recogni-
tion of other reproductive and vegetative structures,
nowadays, volumetric spore collecting methods are
widely used around the world as they allow to per-
form continuous sampling (Oliveira et al., 2009;
Stepalska & Wotek, 2009; Mallo et al., 2011; Aira
et al.,, 2013). Spore trap and culture methods are
complementary, each with their own advantages and
disadvantages.

The aim of this work was to characterise the
atmospheric mycobiota of Havana by using two vol-
umetric sampling methods, one based on the culture
of fungi and other by direct identification of their
spores in the light microscope.

Material and methods

The study was conducted in the city of Havana,
located at the northern coast of Cuba at an eleva-
tion of 24 m above sea level. Its climate is subtropical
with a dry (November—April) and a rainy season
(May-October). The average annual temperature is
25.5 °C, the total annual rainfall is 1320 mm and the
relative humidity is >80% most of the year. Havana
is the largest and most populated city of Cuba. There
are a lot of buildings around the sample site and most
of the area in between is occupied by streets and
gardens. The vegetation in the proximity of the trap
is not dense and consists of a wide variety of trees,
shrubs and ornamental plants.
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Two volumetric samplers were used for fun-
gal collection. The spores for detection by direct
microscopy were collected with a Hirst type sampler
(Lanzoni VPPS 2000, Bologna, Italy). This sampler
was located on the rooftop of the Biology Faculty of
the University of Havana, 35 m above ground level
(23° 08 N; 82° 23’ W). Sampling was carried out con-
tinuously (operating 24 h/day) during one year, from
2 November 2010 to 31 October 2011. The Lanzoni
equipment was calibrated for a ten litres of air per
minute flow, and the spores impacted a Melinex tape
coated with a 2% silicone solution. The spore count
was performed using the methodology proposed by
Galan et al. (2007). Results were then expressed as
spores per cubic metre (spores/m?®) of air for daily
mean spore concentrations, and as total spores for
monthly and annual values.

Cultivable airborne fungi were sampled using a
slit-to-agar impactor aeroscope (Chirana, Ostrava,
Czech Republic) with a suction capacity of 29 litres
of air per minute; this method is comparable to

011”.|| I .HM... .||.|.|I| Ill‘ll 1] 1. ||.
N D J F M A M J J A S (0]

Figure 1. Daily mean spore
concentration (spores/m?>) and
propagules (CFU/m?) identi-
fied from November 2010 to
October 2011.

conventional techniques for viable spore sampling
(Rojas et al., 2012). Air sampling was performed
weekly at 11.00 local time. Samples were cultured
in malt extract agar (MEA). Plates were incubated
for seven days at 28 1 °C. After incubation, fungal
colonies growing on each Petri dish were counted,
isolated and identified according to their microscopic
features. Results were then expressed as CFU/m?>.

The culture method allowed the viable spore
sample and, consequently, the study of the fun-
gal structures for a deep identification to genus or
species level. Taxonomic identification of isolates was
based on standard monographs for genera (Barnett &
Hunter, 1997) and species (Ellis, 1971, 1976; Kédirik
et al., 1983; De Hoog et al., 2000; Pitt, 2000; Kirk
et al., 2001; Klich & Pitt, 2002).

The spores observed by direct microscopy were
identified at genus level and, for this purpose, the
preparations from the reference collection of cul-
tivations of the Department of Microbiology and
Virology of the University of Havana were used as
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well as specialised bibliography (i.e. Nikkels et al.,
1996; Nitiu et al., 2010; Doctorfungus Corporation,
2001; Index Fungorum Partnership, 2004; amongst
others).

In order to obtain a model reflecting diurnal fluc-
tuations in total identified spore counts of the sam-
pling period, we selected days on which spore counts
were higher than the mean for the sampling period,
and included the days without rainfall (Nilsson &
Persson, 1981). The resulting days were used to cal-
culate mean counts for every two hours, thereafter
expressing the data as percentages. The daily values
of the rainfall were recorded by the meteorological
station of Casablanca, which is located close to the
sampling area. The data were supplied by the Cuban
Institute of Meteorology INSMET).

Results
Qualitative data

Twenty six genera were identified based on the
spores collected by the non-viable methodology
(Table I). Most of the spores were from ana-
morphic fungi (i.e. Alternaria, Beltrania, Bipolaris,
Cercospora,  Curvularia,  Fusarium,  Gliomastix,
Helicoma, Helicomyces, Nigrospora, Periconia, Pestalo-
tiopsis, Pithomyces, Pseudocercospora, Pyricularia,
Sporidesmium, Stemphyllium, Tetraploa and Torula),
but also some Ascomycetes (Chaetomium, Lepto-
sphaeria, Paraphaeosphaeria, Pleospora and TVenturia)
and Basidiomycetes (Coprinus and Ganoderma) were
found. Three genera were identified by means of
cultivation (Epicoccum, Monodictys and Spegazzinia).
Additionally, five fungal types have been detected
with this methodology (i.e. Aspergillus/Penicillium-
type, Cladosporium cladosporioides-type, Cladosporium
herbarum-type, Xylariaceae-type and Uredinales-
type). The similar features of these spore types made
a precise identification difficult.

The cultivation-based methods allowed the iden-
tification of some genera difficult to recognise by
direct microscopic observation (i.e. Cephalosporium,
Geotrichum, Gliocladium, Memmnoniella, Nodulisporium
and Phoma). The growth of isolates and the devel-
opment of vegetative or reproductive parts allowed
their specific identification. In this work, the propag-
ules of 47 species were identified mainly from
mitosporic fungi. Several Zygomycete species (e.g.
Syncephalastrum racemosum, Rhizopus stolonifer and
R. oryzae) as well as Ascomycete species (e.g.
Chaetomium globosum) were isolated.

Most of the identified taxa have been previ-
ously reported in aerobiological studies conducted by
viable methods in Cuba, either in outdoor or indoor
environments. However, two genera (Gliocladium
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Figure 2. Model of intra-diurnal behaviour of total spores
identified by direct microscopy.

and Nodulisporium) and ten species (Acremonium
strictum, Aspergillus foeridus, Cladosporium tenuiissi-
mum, Curvularia verruculosa, Fusarium graminearum,
Penicillium digitatrum, P griseofulvum, Scopulariopsis
candida, Trichoderma harzianum and 1. viride) repre-
sent new reports in the atmosphere of the country.

Quantitative data

The spores collected by non-viable method predo-
minated, mainly the Cladosporium cladosporioides-type
with a total of 148717 spores. Moreover, Leptho-
sphaeria, Coprinus and the Aspergillus/ Penicillium-type
registered a considerable incidence with an amount
of total spores of 20591, 17244 and 16 392 spores,
respectively. Other fungi present in the atmosphere
of Havana with values higher than 1000 spores
are Alternaria, Bipolaris, Cladosporium herbarum-
type, Curvularia, Fusarium, Ganoderma, Gliomastix,
Nigrospora, Periconia, Monodictys-type and Uredinales-
type (Table I).

The importance of Cladosporium cladosporioides has
been corroborated by the high number of isolates
(20177 CFU/m?) obtained by the cultivation-based
method (Table I). This taxon shows great rela-
tive density (RD=65.3) by both methods and a
high frequency, with similar values (relative fre-
quency, RF=96.7 for direct microscopy and RF =
95.2 for cultivation-based method). Other rele-
vant species are Penicillium citrinum (1966 CFU/m?),
Aspergillus flavus (1552 CFU/m?), Aspergillus niger
(1069 CFU/m?) and Alternaria tenuissima (1380
CFU/m?). They registered a RD with values rang-
ing from 3.5 to 6.4 and have been isolated in almost
half of the days (RF =40.5-59.5), with the exception
of R citrinum (RF=17.1).

With regard to the genera with concentration
values of 1000 spores and higher (referred to
the non-viable method), only Alternaria, Bipolaris,
Curvularia and Fusarium were registered in a con-
siderable number of isolates (Table I). All Fusarium
species had similar RD (0.1-0.6) and RF (2.3-7.1).
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Table II. Genera and fungal types detected by microscopy with
one or two well-defined intra-diurnal spore peaks.

Spores peak

Genera Hour % Hour %
Venturis 1-2 25 - -
Pestalotiopsis 1-2 15 - —
Pyricularia 1-2 21 - -
Leptosphaeria 5-6 22 - -
Ganoderma 5-6 24 - -
Coprinus 5-6 32 - -
Xylariaceae-type 5-6 37 - -
Sporidesmiun 5-6 24 - -
Helicoma 5-6 36 - -
Paraphacosphaeria 5-6 18 - -
C. cladosporioides-type 11-12 20 - -
C. herbarum-type 11-12 16 — -
Bipolaris 11-12 20 - -
Nigrospora 11-12 23 — —
Periconia 11-12 21 - -
Alternaria 11-12 13 — -
Uredinales-type 11-12 17 - -
Pseudocercospora 11-12 21 — —
Chaetomiun 11-12 67 - -
Curvularia 11-14 15 - -
Monodictys 11-14 22 — —
Stemphylium 15-16 21 - -
Pithomyces 17-18 22 — —
Helicomyces 23-24 16 - -
Cercospora 3-4 16 13-14 18
Gliomastix 3-4 10 13-14 15
Spegazzinia 3-4 16 13-14 34
Epicoccum 5-6 15 13-14 15
Beltrania 9-10 18 17-18 21

The same was observed for the Bipolaris species
(RD =0.1-0.3, RF =2.3-4.8). Curvularia aeria was
also a predominant species (RD =1.8, RF=28.6).
All Alternaria isolates were identified as A. renuissima
(RD =4.5, RF=45.2). The remainder of the iden-
tified or isolated taxa were recorded at lower values
(153-576 total spores) or represented by only a single
isolate obtained by cultivation.

The prevalence of the higher daily concentrations
was observed during the dry season (November—
April; Figure 1). The peak daily concentration
was 4771 spores/m>, registered on 26 May 2011.
The high monthly average was obtained in January
(31 663 spores; Figure 1), the month, in which also
important daily peaks were recorded (i.e. 3646 and
4249 spores/m? on 20 and 21 January, respectively).
Other secondary peaks were registered on 26 April
and 24 June (4020 and 3132 spores/m?, respec-
tively).

The propagule concentration fluctuates along the
year. The highest level was registered on 31 January
2011 with 2034 CFU/m? (Figure 1). Other impor-
tant values higher than 1700 CFU/m?> were detected
on 25 February, 10 July and 28 October. The

intra-diurnal variation of the total identified spores
shows a marked oscillation during the course of the
day (Figure 2). The lowest levels were detected at
dawn. One or two well-defined intra-diurnal spore
peaks of different genera or sporal types were present
(Table II). Peak daily counts were recorded at noon
(11.00-12.00), the moment, in which the sampling
of the cultivation method was conducted. The most
common taxa markedly peaking at 11.00-12.00
were Cladosporium cladosporioides-type, Cladosporium
herbarum-type, Bipolaris, Nigrospora, Periconia,
Alternaria, Uredinales-type, Pseudocercospora, Chae-
tomium, Curvularia, Monodictys, Stemphyllium and
Pithomyces. Only a few genera (i.e. Gliomastix,
Spegazzinia, Cercospora, Epicoccum and Beltrania)
had two concentration peaks during the day.
Otherwise, the spores from Helicomyces, Venturia,
Pestalotiopsis, Pyricularia, Leptosphaeria, Ganoderma,
Coprinus, Xylariaceae-type, Sporidesmiun, Helicoma
and Paraphaeosphaeria showed a nocturnal pattern.
Other fungi such as Aspergillus/Penicilium-type,
Pleospora and Tétraploa did not present a well-defined
pattern.

Discussion

This is the first study of fungal diversity in the Cuban
atmospheric ecosystem, combining a methodology
based on identification by direct microscopy with
the isolation and identification of viable propag-
ules. The combination of the two methodologies
allows generalising conclusions about the genera and
species that form the environmental mycobiota of
Cuba. In this work, 35 genera have been charac-
terised in the atmosphere of the Havana, 26 of which
recognised by non-culture-based methodology, six by
culture-based method and three with both sampling
systems.

Previous studies only reported the presence of
Leptosphaeria ascospores and some mitospores in
the atmosphere of the Caribbean (Herrera et al.,
2003). However, we detected the continuous pres-
ence of ascospores and basidiospores in the atmo-
spheric bioaerosol throughout the year (Quintero
et al., 2010). Rivera-Mariani and Bolafios-Rosero
(2012) stated that this spore types could induce more
allergic sensitisations than the mitospores in other
Caribbean areas.

The genera detected exclusively after -culti-
vation belong to Zygomycetes (Rhizopus and
Syncephalastrum) or mitosporic fungi (Acremonium,
Cephalosporium,  Chrysonilia,  Geotrichum, Ghlio-
cladium, Memmnoniella, Nodulisporium, Paecilomyces,
Phoma, Scopulariopsis and Trichoderma). Two of them
were not previously identified in the air of Cuba:
Gliocladium and Nodulisporium.
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Syncephalastrum racemosum, Rhizopus stolonifer and
R. oryzae have been previously reported in indoor
environments of Cuba only, mainly in warehouses
and stores (Borrego & Perdomo, 2012). Trichoderma
was previously isolated from indoor and outdoor
environments (Borrego et al., 2010). The presence
of T. harzianum and T. viride has been now con-
firmed by means of our study. These fungi have a
rapid growth, similar to Chrysonila sitophila (Arnold,
1991), and their spores are difficult to separate in
microscopic preparations from other genera.

Epicoccum, Monodictys and Spegazzinia have
been identified by both methods. Epicoccum and
Monodictys are cosmopolitan fungi, which can
develop in different environments. They have been
cited in previous studies of the Cuban atmosphere
(Estrada de la Riva, 1951; Fuentes, 1958; Arnold
et al., 1987; Herrera et al., 2003; Almaguer et al.,
2012; Rojas & Aira, 2012) and the world (Nikkels
et al., 1996; Oliveira et al., 2009; Nitiu et al.,
2010). Spegazzinia, an uncommon fungus in the
atmosphere, has also been detected in our study.

The use of volumetric methods combined with
direct microscopy identification presents unques-
tionable advantages in the studies of environmen-
tal mycology, mainly the possibility to know the
intra-diurnal behaviour of spores. However, a fun-
gal identification at species level could hardly ever
be achieved (Mediavilla et al., 1998; Magyar et al.,
2009; Nitiu et al., 2010) with this methodology.
Therefore, isolation, culture and identification of
viable propagules can be used to complete this infor-
mation and to ascertain the species, which could have
been included in each fungal type.

In this paper, five fungal types were defined
(Cladosporium cladosporoides, C. herbarum,
Aspergillus | Penicillium, Xylariaceae and Uredinales).
The C. cladosporioides-type is represented by C.
cladosporioides, C. oxysporum and C. tenuissimum
because their conidia share similar characteristics
(ellipsoid or lemon-shaped with a smooth wall).
Spores included in the C. herbarum-type have greater
similarity with those of C. sphaerospermum (ellipsoid
or oblong shape, and thick or verrucose walls).
Mediavilla et al. (1998) included C. herbarum, C.
sphaerospermum and C. macrocarpum Preuss. among
others in the C. herbarum-type. Therefore, it is
possible that the species included in this spore type
could be extended in future investigations. In this
case, we have found that C. cladosporiodes is more
frequent registering higher concentrations than the
C. herbarum-type. These results were corroborated
by the cultivation-based method.

Cladosporium is a cosmopolitan genus of the atmo-
spheric mycobiota (Abdel Hameed, 2005; Aira et al.,
2012; Haas et al., 2013). Its presence has been
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previously reported in Cuba (Arnold et al., 1987;
Rojas et al., 2002; Herrera et al., 2003; Almaguer
et al., 2012), but this is the first time that the two
aforementioned spore types were defined and iden-
tified. The presence of C. tenuissimum in outdoor
environments was reported for the first time. The
importance of the identification and the monitor-
ing of both types is given by the allergenic character
of their spores (Abdel Hameed, 2005). In addition,
many Cladosporium species are recognised as plant,
animal or human pathogens and their important
role in deteriorating processes of the manufactured
goods, monuments and painting murals is proven
(Martinez et al., 1987; Sharma et al., 2011; Huyan
etal., 2012).

The Aspergillus/ Penicillium-type includes small
hyaline amerospores, sometimes in chains without
ramifications. Its generic differentiation is very dif-
ficult by non-viable methods (Pyrri & Kapsanaki-
Gotsi, 2007; Oliveira et al., 2009) and therefore,
the combination with cultivation-based methods is
important. The presence of Aspergillus/Penicillium-
type has been previously reported from Cuba and
in the atmosphere of other tropical countries (Khan
et al., 1999; Afzal & Mehdi, 2002; Herrera et al.,
2003). We identified 11 Aspergillus and ten Penicillium
species. Aspergillus flavus, A. niger and P citrinum
were most concentrated or frequent. These species
together with the rest of both genera were observed
in indoor or outdoor atmospheres by the cultivation-
based method (Rojas et al., 2002; Almaguer
et al., 2012). Nevertheless, the non-frequent species
A. foetidus, P digitarum and P griseofulveum are new
citations for the Cuban atmosphere. These species
have also been found in the air of other tropical
regions (Adhikari et al., 2004; Abu-Dieyeh et al.,
2010).

The Uredinales- and Xylariaceae-types have been
previously reported from Cuba (Herrera et al., 2003)
and other regions (Pyrri & Kapsanaki-Gosti 2007;
Oliveira et al., 2009; Quintero et al., 2010). Xylaria
is the most representative genus of the Xylariaceae
(the Nodulisporium anamorphal phase corresponds
to this genus). It is detected by the cultivation-
based method and their citation is the first scientific
detection in the air of Cuba.

From each Alternaria and Nigrospora, only one
species was identified by the cultivation-based
method: Alternaria tenuiisima and N. sphaerica.
Alternaria has been previously detected by the viable
(Arnold et al., 1987; Rojas et al., 2002) and non-
viable methods (Herrera et al., 2003), but this is
the first time, they are identified at species level in
Caribbean outdoor areas. Alternaria tenuissima has
been reported in other parts of the world (Abu-
Dieyeh et al., 2010) and N. sphaerica has been mainly
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found in Cuban aerobiological indoor environments
(Borrego & Perdomo, 2012).

The diversity of species in Fusarium has been
previously documented in the Havana atmosphere
(Arnold et al., 1987) and in a rural area close to
Havana (Almaguer et al., 2012). However, in none of
these studies, the presence of Fusarium graminearum
was reported.

In our study, several viable species of Bipolaris and
Curvularia were identified (B. australiensis, B. hawai-
tensis, C. aeria, C. clavara and C. verruculosa). All
have been cited in other atmospheric ecosystems of
Cuba (Arnold et al., 1987; Almaguer et al., 2012),
with the exception of C. verruculosa.

During the period of the present study,
227702 spores and 30903 CFU/m? were reg-
istered. We observed a higher prevalence of spores
during the dry season in contrast to other tropical
areas of the Northern Hemisphere (Halwagy, 1994;
Shaheen, 1992; Dames & Cadman, 1994; Calderén
et al., 1997). For the conidia liberation into the
atmosphere, a certain degree of environmental dry-
ness is necessary, which can be reached during the
dry period, registered in Cuban in November—April.
Most of the genera detected presented dry conidia
(Cladosporium, Aspergillus and Penicillium) and their
presence in the air can be favoured by atmospheric
dryness (Kasprzyk et al., 2004; Aira et al., 2012).

It has been reported that the spore concentration
fluctuates also during the day (Okten et al., 2005).
In this study, the increase of the spore content in the
air takes place during the day, 11.00-12.00. This fact
is associated with the dry conditions registered dur-
ing the diurnal period as consequence of the strong
tropical radiation and its important relationship with
the release of dry spores (such as Cladosporium, the
major component of the air in Cuba). Moreover,
the most important concentrations of various fun-
gal genera and species were detected during this time
of the day. This fact proves that the hour between
11.00-12.00 is an accurate period to conduct the
cultivation-based method sampling, because it is the
time of the day with highest spore concentrations and
viable airborne fungal diversity.

Conclusion

The combination of both methodologies (culti-
vation-based and visual identification by direct
microscopy) is effective for a better knowledge of
the fungal biodiversity in the atmosphere. The meth-
ods based on identification by direct microscopy are
essential for the quantification of ascospores, basid-
iospores and other fungi that show specific difficulties
for sporulation. The isolation of viable fungi from

the air complemented the impossibility of identify-
ing some spores without peculiar characteristics, as
well as spores that cannot germinate due to malfor-
mations or losses of parts in their structure. Most
of the identified fungi are saprophytes of plants, soil
or wood and their spores are potential allergens or
phytopathogens. This information could be applied
in several scientific disciplines, mainly in the medical
and the agricultural fields.
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