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Abstract To establish the trends in the period
1995-2013 of the annual fungal spore index of 20 taxa
in 8 aerobiological sites of Catalonia, located in 4
phytoclimates, we use the nonparametric Spearman’s
Rho and Mann—Kendall tests; when significant, we
calculate the magnitude of the change applying the
Theil-Sen estimator. We analyze whether the propor-
tional annual change is significantly different from zero,
according to phytoclimate, station, and spore taxon,
with the Wilcoxon—-Mann—Whitney test. Cladosporium,
Coprinaceae and Agrocybe are the most prevalent taxa.
The proportional annual change analysis shows that 12
taxa present significant increasing trends and 2 decreas-
ing, that the Fresh-Continental Oriental-Humid phyto-
climate and Agrocybe show the highest significant
increase, while Roquetes-Tortosa (Fresh-Tethyc-Semi-
arid phytoclimate) and Torula the lowest. The greater
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significant decreasing proportional annual change cor-
responds to Drechslera—Helminthosporium and the
lesser to Curvularia, and there are no results per
phytoclimate and locality. The diversity of characteris-
tics of the sites studied brings the opportunity to evaluate
the variability of the fungal values and the magnitude of
their change across the study period as depending on the
intensity of the land use (urbanization versus agricul-
ture) and the distance to the sea (inland versus littoral),
but the effect of the change of the meteorological
patterns in the recent years is not negligible. The
increasing temperatures and precipitation instability
established as effects of the climate change in Catalonia
in the last 50 years could be stimulating the sporulation
in mountain areas and affecting it in the southern
Catalan littoral, thus affecting spore counts.

Keywords Annual fungal spore index -
Mann—Kendall test - Spearman’s Rho test -
Theil-Sen estimator - Proportional annual change -
Wilcoxon—-Mann—Whitney test

1 Introduction

Fungal spores are an airborne biological component
that can be found in any time of the year (Lacey 1981;
Burch and Levetin 2002). Although spore levels vary
according to climate, season, day-night, vegetation
and location (Grinn-Gofron and Strzelczak 2008a),
their concentrations in the atmosphere are the result of
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a wide range of complex interrelated environmental
and biological factors such as the growth of the fungus
and the differentiation of the spore. Their presence can
cause human health problems (mainly allergies) and
crop infections (phytopathology). Simon-Nobbe et al.
(2008) reported that more than 80 mold genera have
been shown to induce type I allergies in susceptible
persons. Several authors have related the presence of
spores with losses in crops, for example Botrytis in
strawberry (Blanco et al. 2006) and in vineyard
(Oliveira et al. 2009a; Rodriguez-Rajo et al. 2010;
Fernandez-Gonzalez et al. 2012; Leyronas and Nicot
2013), Alternaria in olive (Moral et al. 2008) or
Phakopsora in soybean (Tao et al. 2009).

Although many studies have shown the relationship
between meteorological conditions and airborne
spores (i.e., Grinn-Gofron and Strzelczak 2011; De
Linares et al. 2010; Escuredo et al. 2011; Recio et al.
2012), few studies have examined the potential effects
of climate change on molds (Beggs 2004). Reviews on
the consequences of climate change in human diseases
highlight the importance of assessing the dynamics of
airborne pollen and spores over time (D’Amato and
Cecchi 2008; Shea et al. 2008; Reid and Gamble 2009;
Ziska and Beggs 2012; Barnes et al. 2013). Studies
made in Derby and Cardiff (UK) show that Aspergil-
lus/Penicillium had an increasing trend, while Al-
ternaria showed both increasing and decreasing trends
(Corden and Millington 2001; Corden et al. 2003;
Millington and Corden 2005). On the other hand,
Damialis et al. (2015a, b) analyze the trends of 14
spore types in Thessaloniki (Greece) and find that
Ascospores are the only taxon showing a positive
percentage of change together with Alternaria that
seems to slightly increase their yearly spore index over
time. Agrocybe, Botrytis, Cladosporium, Nigrospora
and the aggregate of the 14 spore types are the only
taxa showing significant trends.

Knowing that several studies have demonstrated
that changes in the meteorological conditions affect
the airborne pollen concentration (Rasmussen 2002;
Breton et al. 2006; Garcia-Mozo et al. 2006; Stach
et al. 2007; Fernandez-Llamazares et al. 2014), we
have decided to analyze the annual indices of 20
airborne fungal spore taxa over a 19-year period
(1995-2013) and throughout the territory of Catalonia
(NE Spain), represented by 8 localities lying in 4
phytoclimates. Statistical analyses of these time series
were performed with the aims of:
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1. Determinate whether there is a temporal trend in
the annual fungal spore index (AFSI) of the 20
taxa in the 4 phytoclimates represented by the 8
aerobiological stations of Catalonia by means of 2
nonparametric tests: Mann—Kendall (MK) and
Spearman’s Rho (SR).

2. Evaluate and compare the performance of the MK

and SR tests to detect monotonic trends by means
of the power of the tests, which is the probability
of correctly detecting a monotonic trend.

3. Analyze the proportional annual change per year
(PAC yearfl) introduced by Ziello et al. (2012)
and Fernandez-Llamazares et al. (2014), and
study if it is significantly different from zero,
whether positive or negative, by using 3 different
grouping criteria: per phytoclimate, per station
and per spore taxon.

2 Materials and methods
2.1 Study area

The area under study is Catalonia (NE Spain, western
Mediterranean basin). Although the climate in the
region is mainly Mediterranean, some areas show a
continental or even Atlantic influence (Allue Andrade
1990); see Table 1 and Fig. 1 with the characteristics
and location of the 8 Catalan stations. Three of the
stations are considered as having an urban environ-
ment (Barcelona, Girona and Tarragona), 2 stations
are closer to rural than to urban conditions (Lleida and
Vielha), and 3 are urban/rural stations (Bellaterra,
Manresa and Roquetes-Tortosa). Vielha, the northern
station, is placed in a Pyrenean valley open to the
French territory and shows the coldest and rainiest
phytoclimate  (Fresh-Continental  Oriental-Humid
phytoclimate, FCOH); Bellaterra, Girona and Manresa
are described as fresh and humid and corresponding to
the Fresh-Continental Oriental-Semihumid phytocli-
mate (FCOSh); Lleida, at a similar latitude but inland,
has more extreme conditions, being its phytoclimate
Fresh-Transitional-Semiarid (FTrSa); finally, Barce-
lona, Tarragona and Roquetes-Tortosa, in the littoral
and in the middle and southern part of Catalonia, have
hotter and dryer conditions than the previous stations
and correspond to the Fresh-Tethyc-Semiarid phyto-
climate (FTeSa).
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Table 1 Sampling stations, corresponding phytoclimates and main geographical and meteorological characteristics as defined by

Allue Andrade (1990) (during the study period)

Phytoclimate (code) Station Environment Coordinates  Altitude % Days with Thean °C P mm
period m.a.s.l. data (min—max) (Study (Study
period) period)

Fresh-Continental Vielha Rural 42°42'08"N 997 88 9.9 899.0
Oriental-Humid 2004-2013 00°47'50"E (82-100) 9.3) (903.9)
(FCOH)

Fresh-Continental Bellaterra Rural/Urban  41°30'02" 245 97 152 594.0
Oriental-Semihumid 1995-2013 02°06'28"E (94-100) (15.2) (536.7)
(FCOSh) Girona Urban 41°59'03"N 80 92 15.0 740.0

2000-2013 02°49'23"E (82-100) (15.6) (658.1)
Manresa Rural/Urban  41°43'12"N 291 96 13.6 619.0
2000-2013 01°50'23"E (61-100) (14.9) (540.1)
Fresh-Tethyc-Semiarid Barcelona Urban 41°23'37"N 67 94 16.4 593.0
(FTeSa) 1995-2013 02°09'53"E (95-100) (I5.1) (585.1)
Tarragona Urban 41°07'12"N 44 94 15.8 478.0
2000-2013 01°14'37"E (71-100) (15.8) (569.7)
Roquetes- Rural/Urban  40°49'13'N 50 95 16.8 576.0
Tortosa 00°29'35"E (82-100) (17.6) (500.5)
2006-2013

Fresh-Transitional- Lleida Rural 41°3741"N 192 91 15.1 385.0

Semiarid (FTrSa) 20062013 00°35'44"E (63-98) (14.3) (290.3)

Tmean Mean annual temperature, P annual precipitation

Spain

Catalonia

Girona

eManresa

e Lleida  Bellaterra®

Barcelona

Fig. 1 Geographical situation of the aerobiological sampling stations

2.2 Aerobiological data

The data were extracted from the database of the
Catalan Aerobiological Network (Xarxa Aero-
biologica de Catalunya, XAC), and they were obtained
from samples coming from Hirst traps (Hirst 1952)

and analyzed following the standard methodology
proposed by the Spanish Aerobiology Network (Red
Espafola de Aerobiologia, REA) in Galan et al.
(2007). The daily counts were expressed as mean daily
number of fungal spores per cubic meter of air (s m ™)
and converted to annual fungal spore index (AFSI) by
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summing up the mean daily spore concentrations of
the year. The stations provided different number of
yearly periods comprised between 1995 and 2013: the
whole series of 19 years in the case of Barcelona and
Bellaterra, 14 years (2000-2013) in Girona, Lleida,
Manresa and Tarragona, 9 years (2004-2013) in
Vielha and 7 years (2006-2013) in Roquetes-Tortosa.
The minimum number of records of a yearly data
series to be included in the analyses was 276 mean
daily concentration data.

In this paper, we consider 20 fungal spore taxa: 5
Ascospore types (Chaetomium, Leptosphaeria,
Pleospora, Venturiaceae and Xylariaceae), 5 Basid-
iospore types (Agaricus, Agrocybe, Coprinaceae,
Ganoderma and Teleforaceae) and 10 Conidiospores
or Anamorphic fungal types (Alternaria, Arthrinium,
Aspergillus—Penicillium, Cladosporium, Curvularia,
Drechslera—Helminthosporium, Epicoccum, Pitho-
myces, Stemphylium and Torula).

2.3 Data analysis and statistical processing

In this study, with the main aim to detect monotonic
trends in the fungal spore time series, the nonpara-
metric rank-based tests Spearman’s Rho (SR) and
Mann-Kendall (MK) are used, both at the 5 and 1 %
significant levels. Although parametric tests for the
detection of significant trends in time series are more
powerful than nonparametric ones, they require data to
be independent and normally distributed. The lack of
normality of aerobiological data has been commented,
e.g., in Fernandez-Llamazares et al. (2014), Grinn-
Gofron and Strzelczak (2008a, b) and Astray et al.
(2010), Scheifinger et al. (2013). Despite it, we have
applied the Shapiro-Wilk test (Shapiro and Wilk
1965) to all our series confirming their non-normality.
SR test (Spearman 1904) is performed by calculating
the exact Rho statistic (p) and comparing it with the
critical values (Zar 1972). In relation to the MK test
(Kendall 1938; Mann 1945), when the number of
studied yearsisn < 10, the exact p values are obtained
in Gilbert (1987), while when n > 10, asymptotic
p values can be calculated by using the normal
(Gaussian) approximation of the distribution of the
Mann—Kendall statistic (Kendall 1975). The Theil-
Sen (TS) estimator (Theil 1950; Sen 1968) of the slope
value of the trend (expressed in number of spores) is
calculated when at least one of the previous tests
indicates a statistically significant monotonic trend.
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With the aim to compare the nonparametric MK
and SR monotonic trend tests, we perform the
McNemar’s test (McNemar 1947), which is a non-
parametric test used on nominal data, appliedto 2 x 2
contingency tables with a dichotomous trait, with
matched pairs that must be independent, to determine
whether the row and column marginal frequencies are
homogenous. In our setting, this test is applied to
compare the dichotomous result (detected significant
trend or not) with the two tests.

The third and final aim of this work is to investigate
the proportional annual change per year (PAC) for
each station, phytoclimate and spore taxon. We first
standardize each AFSI by subtracting from the annual
value the respective mean of the period and dividing
by the corresponding standard deviation. Then, we
calculate the slope of the linear regression of the
standardized AFSI at each station with respect to time
(years), and divide it by the number of years in each
data series (Ziello et al. 2012; Fernandez-Llamazares
etal. 2014). We graphically analyze the PAC behavior
by means of boxplots, grouped by phytoclimate, by
station and by spore taxon. To complete this analysis,
we perform the two-sided Wilcoxon—-Mann—Whitney
test (Wilcoxon 1945; Mann and Whitney 1947) as
proposed by Ziello et al. (2012). This test, which is the
nonparametric counterpart of the Student’s 7 test for
comparison of two means, was also applied by
Fernandez-Llamazares et al. (2014).

3 Results

Table 2 shows the AFSI for the period under study and
the corresponding mean values for each phytoclimate.
It is shown that the FTrSa phytoclimate (represented
by Lleida) presents, with a mean yearly value of
730,247, the highest AFSI of the 20 fungal spore taxa,
followed by FCOSh (average AFSI of Girona, Man-
resa and Bellaterra of 494,785), FTeSa (average of
307,039 for Barcelona, Tarragona and Roquetes-
Tortosa) and FCOH (259,554 for Vielha). Still
regarding the fungal spore production and dissemina-
tion, the inland stations (Girona, Manresa and Bel-
laterra in FCOSh phytoclimate) show higher values
than the littoral stations (Barcelona, Tarragona and
Roquetes-Tortosa in FTeSa phytoclimate). If we take
into consideration the mean AFSI for all Catalan
stations, the more abundant taxa are Cladosporium
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(2,631,982), Coprinaceae (226,075) and Agrocybe
(153,834) and the less abundant are Curvularia (725),
Chaetomium (1261) and Venturiaceae (1331).

Table 3 shows results corresponding to the first
goal of our study, that is the statistically significant
results obtained for each spore taxon and station when
applying SR and MK tests to the detection of
monotonic trends in the AFSI through time, as well
as the TS estimation of the slope of the change. All the
20 taxa studied presented significant trends in one or
more stations or phytoclimates. FCOSh presented 17
taxa with significant trends, followed by FTeSa, FTrSa
and FCOH with 15, 13 and 9, respectively. Regarding
the TS estimator, the maximum and minimum AFSI
increasing change (65,931.9 Cladosporium and 3.9
Venturiaceae) occurs in FTrSa (Lleida), while the
maximum and minimum decrease change in the AFSI
happens in  FTeSa  (—374.6  Drechslera—
Helminthosporium in Roquetes-Tortosa and —1.2
Pithomyces in Tarragona). Agrocybe is the only fungal
spore taxon showing a significant trend in the AFSI in
the 4 phytoclimates studied and all sampling stations,
with increasing trends between 20.8 % (Vielha) and
6.8 % (Bellaterra); if expressed in number of spores
per year, the stations are Vielha (5869) and Barcelona
(678). Regarding the other taxa, most of them show
trends of the same sign in all phytoclimates except
Alternaria (decreasing only in FCOSh); Pithomyces,
Stemphylium and Torula (increasing only in FTrSa);
and Venturiaceae (with diverse behavior in the same
phytoclimate).

Table 4 shows that Agrocybe has the most signif-
icant trends in the Catalan stations (87.5 % of the
trends obtained significant and increasing in both SR
and MK tests), followed by Cladosporium (87.5 %
increasing with SR and 75 % with MK) and Drech-
slera—Helminthosporium (50 % decreasing with SR
and 87.5 % with MK), while Epicoccum, Pleospora
and Teleforaceae have the lowest percentage among
that with nonzero significant trends in their series
(12.5 % increasing with one of the tests, 0 % with the
other), followed by Arthrinium (12.5 % increasing
both with SR and MK) and Leptosphaeria (37.5 %
decreasing with MK, 0 % with SR), and Pithomyces
(12.5 % increasing and 25 % decreasing with MK,
while 0 % for both trends with SR). If we consider the
global mean values for the 20 taxa and the 8 stations in
Catalonia, only 40 % of the stations show a trend for
any spore type.
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The results observed in Table 3 do not differ
significantly according to whether the nonparametric
test used for trend detection is MK or SR, as it may be
suspected from the observation of Table 4, and indeed
is confirmed by means of the McNemar’s test
(Table 5). As the p value is 0.27, our aerobiological
data show that MK and SR tests are equivalent in
practice.

Figure 2a, b shows the boxplots for the PAC by
phytoclimate and by station, respectively, as well as
the p values for the two-sided Wilcoxon—-Mann—
Whitney test. FCOH (Vielha) presents the largest and
more positive proportion of change, jointly with
FTrSa, while FCOSh and FTeSa (Barcelona, Tarrag-
ona and Roquetes-Tortosa) show the highest stability.
Results are statistically significant for the phytocli-
mates represented in our study by a single station
(FCOH and FTrSa, Fig. 2a) and for the localities of
Vielha, Lleida and Tarragona (high significance), and
Girona and Roquetes-Tortosa (Fig. 2b). Interpretation
of Fig. 2c, where the results by taxa are presented, is
similar and gives us outcomes that 12 fungal spores
increase significantly (all the Basidiospores studied:
Agaricus, Agrocybe, Coprinaceae, Ganoderma and
Teleforaceae; 2 Ascospores: Leptosphaeria and
Xylariaceae; and 5 Anamorphic fungi: Alternaria,
Aspergillus/Penicillium, Cladosporium, Epicoccum
and Torula). Agrocybe presents the highest PAC,
followed by Aspergillus—Penicillium and Cladospo-
rium. Also 2 Anamorphic fungi taxa have a significant
decreasing trend (Drechslera—Helminthosporium and
Curvularia), and 6 do not show a significant trend (3
Ascospores: Chaetomium, Leptosphaeria and Ven-
turiaceae, and 3 Anamorphic fungi: Arthrinium
Pithomyces and Stemphylium).

4 Discussion

The airborne spore concentrations are affected by
several factors, i.e., fungal physiology (reproduction
and survival), meteorological data, land use, resource
availability and competition (Carlile et al. 2001;
Boddy et al. 2014). Taking into account the AFSI
shown in Table 2, the highest values in the FIrSa
phytoclimate (Lleida) are possibly due to the land use
in this area, where the 49 % of the total agricultural
surface of Catalonia is concentrated (Institut d’Es-
tadistica de Catalunya 2013). In this sense, Manresa
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Table 3 Significant monotonic trends detected in the analyses of the AFSI per sampling station, phytoclimate and spore taxa and

estimation of the magnitude of the change

Station Taxon (No. of Mean AFSI  Spearman’s ~ Mann—Kendall®  Theil-Sen®  Theil Sen as of
yearly series) spores Rho* spores mean AFSI (%)
FCOH
Vielha Agaricus (8) 2237 Inc** Inc** 797.5 35.7
Agrocybe (8) 28,264 Inc* 5868.7 20.8
Alternaria (9) 2010 Inc* 233.3 11.6
Arthrinium (8) 218 Inc** Inc** 48.1 22.0
Aspergillus—Penicillium (8) 3421 Inc** Inc** 589.3 17.2
Cladosporium (9) 162,172 Inc** Inc** 27,702.6 17.1
Coprinaceae (8) 33,524 Inc** Inc** 3864.4 11.5
Drechs.—Helminth. (8) 681 Dec** Dec** —125.8 —18.5
Venturiaceae (6) 494 Inc* Inc** 347.2 70.3
FCOSh
Bellaterra Agrocybe (18) 23,484 Inc** Inc** 1588.3 6.8
Alternaria (19) 11,749 Dec* —49.5 —0.4
Aspergillus—Penicillium (18) 5241 Inc** Inc** 583.8 11.1
Chaetomium (19) 183 Dec* Dec** —10.7 -59
Cladosporium (19) 300,968 Inc** Inc** 14,825.5 49
Coprinaceae (18) 34,679 Inc** Inc** 1797.1 5.2
Curvularia (19) 93 Dec** Dec** —5.6 —6.0
Drechs.—Helminth. (19) 2292 Dec** -31.6 —14
Ganoderma (18) 3737 Inc** Inc** 387.4 10.4
Stemphylium (19) 961 Dec** —10.5 —1.1
Venturiaceae (18) 269 Dec** —9.8 —-3.6
Xylariaceae (19) 1674 Inc** Inc#* 149.0 8.9
Girona Agaricus (14) 8773 Inc** Inc** 1230.9 14.0
Agrocybe (14) 26,101 Inc** Inc** 3631.0 139
Aspergillus—Penicillium (14) 7591 Inc* Inc* 749.8 9.9
Chaetomium (14) 149 Dec** 2.5 —-1.6
Cladosporium (14) 361,354 Inc** Inc** 21,835.3 6.0
Coprinaceae (14) 50,338 Inc* Inc* 2220.4 4.4
Curvularia (13) 88 Dec* Dec** -84 —-9.5
Drechs.—Helminth. (14) 2572 Dec** —133.3 —-5.2
Ganoderma (14) 7476 Inc** Inc** 787.4 10.5
Leptosphaeria (14) 6731 Dec** —277.2 —4.1
Stemphylium (14) 944 Dec* —-10.9 —1.2
Xylariaceae (14) 3509 Inc* 292.4 8.3
Manresa Agaricus (13) 2214 Inc* 133.2 6.0
Agrocybe (13) 26,391 Inc** Inc** 4298.8 16.3
Cladosporium (14) 461,694 Inc* 15,098.2 33
Curvularia (13) 260 Dec** Dec** —43.3 —16.6
Drechs.—Helminth. (13) 3499 Dec** —297.2 —8.5
Ganoderma (13) 1382 Inc* Inc* 94.7 6.9
Leptosphaeria (13) 8508 Dec** —247.6 -29
Pithomyces (14) 181 Dec** —4.2 —-2.3
Stemphylium (13) 1769 Dec** —144.3 —8.2
Teleforaceae (13) 3510 Inc* 251.7 7.2
Torula (13) 1280 Dec** —25.8 —-2.0
Venturiaceae (13) 121 Inc* 14.7 12.1
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Table 3 continued

Station Taxon (No. of Mean AFSI  Spearman’s ~ Mann—Kendall®  Theil-Sen®  Theil Sen as of
yearly series) spores Rho* spores mean AFSI (%)
FTeSa
Barcelona Agrocybe (17) 9852 Inc** Inc** 678.3 6.9
Aspergillus—Penicillium (17) 4991 Inc* 363.9 7.3
Chaetomium (19) 227 Dec** —8.6 —3.8
Cladosporium (19) 197,549 Inc** Inc* 7266.9 37
Curvularia (17) 50 Dec** Dec** —3.7 —-74
Leptosphaeria (19) 2077 Dec** —43.5 —2.1
Stemphylium (19) 882 Dec** —14.0 —1.6
Venturiaceae (15) 143 Dec** —15.9 —11.1
Xylariaceae (19) 591 Inc** Inc** 42.4 72
Roquetes—Tortosa  Agrocybe (8) 16,633 Inc* 4093.6 24.6
Drechs.—Helminth. (8) 1859 Dec** Dec** —374.6 —20.1
Ganoderma (8) 1507 Inc* 174.1 11.6
Torula (8) 853 Dec* —80.4 —94
Tarragona Agaricus (13) 1104 Inc* 129.5 11.7
Agrocybe (13) 14,173 Inc** Inc** 1251.0 8.8
Alternaria (13) 10,451 Inc* Inc* 492.0 4.7
Aspergillus—Penicillium (13) 3853 Inc* 607.9 15.8
Cladosporium (13) 211,120 Inc** Inc** 19,336.9 9.2
Curvularia (12) 38 Dec* Dec** —3.5 —9.2
Drechs.—Helminth. (13) 2334 Dec* Dec** —182.5 —7.8
Ganoderma (13) 1565 Inc* Inc* 121.2 7.7
Pithomyces (14) 119 Dec* —-1.2 —-1.0
Venturiaceae (11) 35 Inc** Inc* 5.6 16.0
FTrSa
Lleida Agaricus (13) 2872 Inc** Inc** 415.8 14.5
Agrocybe (13) 8938 Inc** Inc** 1241.8 13.9
Alternaria (14) 38,046 Inc** Inc** 3172.7 8.3
Aspergillus—Penicillium (13) 5253 Inc** Inc** 515.2 9.8
Cladosporium (14) 615,415 Inc** Inc** 65,931.9 10.7
Coprinaceae (13) 30,163 Inc** Inc** 1928.4 6.4
Drechs.—Helminth. (13) 4638 Dec* Dec** —344.6 —74
Epicoccum (13) 4151 Inc* 216.1 52
Pithomyces (13) 155 Inc* 9.8 6.3
Pleospora (13) 6346 Inc* 395.0 6.2
Stemphylium (13) 2125 Inc** Inc** 84.8 4.0
Torula (13) 2935 Inc* Inc* 153.1 52
Venturiaceae (12) 37 Inc** 3.9 10.6

Inc Increasing, Dec Decreasing, Mean AFSI annual fungal spore index average of the yearly series considered expressed in Spores,
FCOH Fresh-Continental Oriental-Humid, FCOSh Fresh-Continental Oriental-Semihumid, FTeSa Fresh-Tethyc-Semiarid, FTrSa
Fresh-Transitional-Semiarid

* Significance at 5 %; ** Significance at 1 %
# Critical values (Zar 1972)
® Mann-Kendall test, when n < 10: p values from Gilbert (1987); n > 10: p values from standardized Mann—Kendall statistic

¢ Theil-Sen estimator of the AFSI change (spores) per year calculated when any of the two statistical tests shows a significant
monotonic trend
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Table 4 Distribution (in percentages) of the trends for each taxon and test considering the 8 stations studied

Taxon Test Nonsignificant trends (%) Significant trends
Increasing (%) Decreasing (%)
Agaricus Spearman’s Rho 37.5 62.5 0.0
Mann-Kendall 62.5 37.5 0.0
Agrocybe Spearman’s Rho 12.5 87.5 0.0
Mann-Kendall 12.5 87.5 0.0
Alternaria Spearman’s Rho 62.5 37.5 0.0
Mann-Kendall 62.5 25.0 12.5
Arthrinium Spearman’s Rho 87.5 12.5 0.0
Mann-Kendall 87.5 12.5 0.0
Aspergillus—Penicillium Spearman’s Rho 25.0 75.0 0.0
Mann—Kendall 50.0 50.0 0.0
Chaetomium Spearman’s Rho 87.5 0.0 12.5
Mann—Kendall 62.5 0.0 37.5
Cladosporium Spearman’s Rho 12.5 87.5 0.0
Mann—Kendall 25.0 75.0 0.0
Coprinaceae Spearman’s Rho 50.0 50.0 0.0
Mann—Kendall 50.0 50.0 0.0
Curvularia Spearman’s Rho 37.5 0.0 62.5
Mann-Kendall 37.5 0.0 62.5
Drechslera—Helminthosporium Spearman’s Rho 50.0 0.0 50.0
Mann—Kendall 12.5 0.0 87.5
Epicoccum Spearman’s Rho 87.5 12.5 0.0
Mann—Kendall 100.0 0.0 0.0
Ganoderma Spearman’s Rho 37.5 62.5 0.0
Mann-Kendall 50.0 50.0 0.0
Leptosphaeria Spearman’s Rho 100.0 0.0 0.0
Mann—Kendall 62.5 0.0 37.5
Pithomyces Spearman’s Rho 100.0 0.0 0.0
Mann-Kendall 62.5 12.5 25.0
Pleospora Spearman’s Rho 87.5 12.5 0.0
Mann-Kendall 100.0 0.0 0.0
Stemphylium Spearman’s Rho 87.5 12.5 0.0
Mann-Kendall 37.5 12.5 50.0
Teleforaceae Spearman’s Rho 100.0 0.0 0.0
Mann—Kendall 87.5 12.5 0.0
Torula Spearman’s Rho 75.0 12.5 12.5
Mann—Kendall 75.0 12.5 12.5
Venturiaceae Spearman’s Rho 50.0 50.0 0.0
Mann-Kendall 50.0 25.0 25.0
Xylariaceae Spearman’s Rho 62.5 37.5 0.0
Mann—Kendall 75.0 25.0 0.0
Mean Spearman’s Rho 62.5 30.6 6.9
Mann—Kendall 58.1 244 17.5
Global Mean 60.3 27.5 12.2
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Table 5 Comparison between Mann—-Kendall (MK) and
Spearman’s Rho (SR) tests for monotonic trend detection

Mann-Kendall test

Significant Nonsignificant
trends trends
Spearman’s Rho test
Significant trends 46 14
Nonsignificant trends 21 79

The McNemar’s test is applied to the 2 x 2 contingency
table that tabulates the outcomes of the two tests for the
monotonic trend detection (MK and SR), on the sample of
n = 160 items (20 fungal spore taxa x 8 stations)

As for the McNemar’s test, the value of the statistic (with the
continuity correction) is 12 = 1.21. Since 14 + 21 = 35 > 25,
the one-sided p value is obtained from a Chi-square
distribution with 1 degree of freedom, which is the
approximating distribution. That is, p value = 0.27 > 0.05.
Therefore, we cannot assess that there is a significant
difference between MK and SR tests from our data

and Roquetes-Tortosa, sharing urban/rural environ-
ments, show also the higher AFSI in their phytocli-
mate. Oliveira et al. (2010) obtained also higher spore
levels in rural than in urban areas in Portugal. The
higher AFSI shown by rural environments could be
due to the continued growth of plants in the fields.
Plants are forced to grow rapidly, and they are usually
replaced along the year by other species. In these
conditions, fungi can be more active than in natural
conditions. Table 2 shows also that inland urban
stations (Girona) show higher AFSI than those in the
littoral (Barcelona, Tarragona). A possible explana-
tion to that could be the difference in the vegetation
cover in the surroundings of the sampling sites.

On the other hand, the lowest AFSI in Table 2
corresponds to Vielha (FCOH phytoclimate), where
the mean annual temperature is less than 10 °C and
could affect the sporulation. Hasnain (1993), Hjelm-
roos (1993), Kurkela (1997), Reid and Gamble (2009)
and Rua-Giraldo (2013) found the temperature to be
an important factor directly related to the increase in
the airborne spore counts. Also shown in Table 2,
Cladosporium is the most abundant taxon in all the
studied sites, followed by Coprinaceae (except in
Lleida where Alternaria takes the second place) and
Agrocybe. These results are similar to those reported
by Spieksma et al. (1995), Li and Kendrick (1995),
Herrero et al. (2006), Oliveira et al. (2009b, 2010),
Mallo et al. (2011) and Recio et al. (2012).

@ Springer

Regarding the significant monotonic trends
detected by using the SR and MK tests (Tables 3),
our study shows that in 57.5 % of the cases both tests
show the same trend, while in 16.3 % of the cases only
SP show significance (mostly increasing) and in
26.3 % only MK (mostly decreasing). The McNe-
mar’s test (Table 5) clarifies that despite the differ-
ences observed in the not concordant cases, both tests
are equivalent in practice as previously stated by Yue
et al. (2002), Shadmani et al. (2012), Fernandez-
Llamazares et al. (2014) and Ahmad et al. (2015).

The study of the trends of 20 taxa in 8 stations in
Catalonia shows a significant increasing trend in 60 %
(12) of the fungal spore taxa, a significant decreasing
trend just in 10 % (2) and no trend in the remaining
30 % (6) of the spore types (Table 3, Fig. 2c). If we
compare these results to those shown by Damialis
et al. (2015a, b), who obtained a negative tendency in
86 % (12) of the fungal spores studied in Thessaloniki
(Greece), there is agreement in the decreasing trends
of Drechslera—Helminthosporium, Leptosphaeria and
Stemphylium and disagreement for the taxa Agrocybe,
Cladosporium, Epicoccum, Pleospora and Torula
(increasing in our case). It is not easy to interpret the
important differences in the results from Damialis
et al. (2015a, b) and ours, as all the localities studied
share Mediterranean climate. Hypothesis to be tested
could be the lower precipitation values in Thessaloniki
than in Catalan stations (excepted Lleida) and the
vegetation type and degree of arable lands in the
surroundings.

Alternaria, an important taxon at both the human
and plant health level, shows a significant increasing
trend in three of the Catalan localities (Vielha,
Tarragona and Lleida), while it is slightly decreasing
in one (Bellaterra). In Thessaloniki (Damialis et al.
2015a, b) Alternaria showed a very slightly positive
trend. Alternaria was the object of an study in Derby
and Cardiff (Corden and Millington 2001; Corden
et al. 2003) with the conclusion that the abundance of
arable lands around Derby could explain the increas-
ing trend as well as the proximity to the sea could be
the reason for the decreasing trend in the littoral city of
Cardiff. This explanation is not valid for the territory
under study in this paper, where the reason to the
diminution of the Alternaria spores could be the
growing urbanization of the area during the last
decades and the consequent loss of arable and
abandoned fields. On the contrary, our results show



Aerobiologia

(a)
Fresh-Continental Oriental
-Humid (FCOH) T

Fresh-Transitional
- Semiarid (FTrSa) T

Fresh-Continental Oriental
- Semihumid (FCOSh) 7

Fresh-Tethyc Semiarid
(FTeSa) |

p-value

—H T - o000

{ } 1 10.000%**

—T— == 10.133

H.p_[]:}_h., B 10.06

(b)
Vielha

Girona
Manresa
Lleida 4
Bellaterra -
Barcelona
Tarragona 4

Roquetes-Tortorsa 4

—r T+ 70.000%**

(©)
Agaricus <
Agrocybe
Alternaria -
Arthrinium -
Aspergillus-Penicillium—
Chaetonium
Cladosporium
Coprinaceae -
Curvularia
Drechslera-Helminthosporium -
Epicoccum
Ganoderma -
Leptosphaeria -
Pithomyces-
Pleospora-
Stemphylium -
Teleforaceae 4
Torula -
Venturiaceae -|
Xylariaceae -

Fig. 2 Boxplots of the proportional annual change per year
(PAC year ") in the mean AFSI per a phytoclimate, b sampling
station and c¢ fungal spore taxa. p value of the one-side

an increasing significant trend in Aspergillus—Penicil-
lium that does not agree with previous studies

(Millington and Corden 2005).
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The existence of trends in the AFSI studied could
also be related to the change in the meteorological
patterns observed in the last decades and known as
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climate change. The climate change studies in Cat-
alonia (Equip de Canvi Climatic 2013) noted that the
mean and maximum temperatures during the period
1950-2013 increased significantly (0.22 and 0.27 °C
per decade, respectively), while the precipitation
suffered a slight nonsignificant decrease (—1.5 % per
decade). Vielha (FCOH) is a mountain station with a
low annual mean temperature (less than 10 °C) that
presents the highest AFSI increasing trend, likely due
to the effect of climate change on the increase in
temperature and of this increase in a possible stimu-
lation of the fungal sporulation. This process could
make fungi develop better. Otherwise, the stations in
the South of Catalonia (FTeSA and FCOSh), with
average temperature between 15.1 and 17.6 °C, pre-
sent low trends in AFSI magnitude of change,
presumably due to an increase in temperature that
could limit the sporulation.

The relationship between changes in temperature
and sporulation has been recently demonstrated by
Damialis et al. (2015a, b), where an exponential
decreasing in the spore production was observed
jointly with an increase in the temperature. Moreover,
Carlile et al. (2001) found that the range of temper-
atures at which fungi tend to sporulate is narrower than
the range that allows their growth and that the
optimum temperature for sporulation is often lower
than the one for growing. If this is so, an increase in
temperature could allow fungal growth but could
affect the sporulation, and always depending on the
temperature range, because as seen changes can be in
one sense or just the contrary.

In concordance to the above and as shown in
Table 1, temperatures during the period under study
were higher and precipitations were lower than the
ones characterizing the phytoclimates in Allue
Andrade (1990). The proportion of change shown in
Fig. 2 and Table 3 could also totally or in part be the
reaction of the fungal taxa to the changing meteoro-
logical conditions of the period under study, and the
AFSI yearly proportion of change obtained could also
inform about possible changes in fungal reproduction
capacity and biodiversity in the future. Regarding the
environmental conditions of the stations under study,
the more rural the site (Lleida, Manresa), the highest
the AFSI, while altitude (Vielha) and the size of the
urban area (Barcelona) seem to be factors for
decreasing the presence of spores. The localities
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studied representative for the conditions of rurality
(Lleida) and altitude (Vielha) are the ones showing the
higher significant PAC, while Barcelona, the biggest
city studied, shows no PAC.

This is a first study in Catalonia (NE Spain) on
the measurement of the change of fungal spore
production and dissemination over time. The lack of
studies in this sense makes difficult the interpreta-
tion of the results. More research is needed to
progress in the knowledge of airborne fungi spores
behavior and the effect of the changing meteoro-
logical patterns on them.

5 Conclusions

The diversity of characteristics of the sites studied
brings the opportunity to evaluate the variability of the
fungal values and the magnitude of their change across
the study period as depending on the intensity of the
land use (urbanization versus agriculture) and the
distance to the sea (inland versus littoral), but the
effect of the change of the meteorological patterns in
the recent years is not negligible. The increasing
temperatures and precipitation instability established
as effects of the climate change in Catalonia in the last
50 years could be stimulating the sporulation in
mountain areas (Vielha) and affecting it in the
southern Catalan littoral (Roquetes-Tortosa), thus
affecting spore counts.
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