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Abstract

Alnus pollen has been frequently detected in the atmosphere of different airborne
sampling sites of Southern Spain. However, Alnus sp. populations are very scarce and
fragmented in the area, being restricted to a few river valleys in the southwest, and
other further away regions of the Iberian Peninsula. This leads to think that the airborne
pollen detected could be mainly the result of a medium- or long-distant transport. So,
the aim of this study was to characterize the annual patterns of airborne Alnus pollen
detected at three different locations of Malaga province, as well as to determine its
possible origin, the pollen dispersion potential of these Alnus isolated populations and
their possible reproductive connectivity. Pollen sampling was conducted by means of
three Hirst-type volumetric pollen traps. Samples were mounted and counted following
the recommendations of the Spanish Aerobiology Network and the European
Aeroallergen Society. The possible pollen sources were detected by means of a
combination of meteorological information and backward air trajectories analysis. A
high inter-annual variability in the annual pollen integrals was found in all the stations,
favouring certain meteorological conditions a long-range transport and, therefore,
causing the high concentrations detected in some specific days. Alnus pollen seems
to have an heterogeneous origin with prevalence of the long-distant transport, which

would suggest a possible reproductive connection among distant populations.

Keywords

aerobiology; alder; HYSPLIT; protected area; long-term transport; airborne pollen;
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1 Introduction

Alnus Mill. pollen type has been reported to be one of the main causes of pollinosis in
central and northern Europe. It also constitutes a health risk for allergic people living
in the northwest part of the Iberian Peninsula, where these trees are very common
(Iglesias et al. 2003; Smith et al. 2007; D’Amato et al. 2007; Gehrig et al. 2015;
Ghasemifard et al. 2020). Due to its early pollination period and its cross-reactivity with
the pollen of other species of Fagales (such as Betula L. or Quercus L.), Alnus pollen
can set the start of the allergic sensitization in sensible population, increasing the
immunological response to pollen of other spring flowering Fagales (Smith et al. 2007,
Emberlin et al. 2007; Hauser et al. 2011; Gehrig et al. 2015; Skjgth et al. 2015;
Kasprzyk and Borycka 2019).

The genus Alnus is represented by three species in the Iberian Peninsula: Alnus
glutinosa (L.) Gaertn., Alnus cordata (Loisel.) Duby and Alnus lusitanica Vit, Douda &
Mandak, according to recent molecular studies (Castroviejo et al. 1990; Loépez
Gonzalez 2001; Vit et al. 2017). In the Iberian Peninsula, all these species are riverside
trees that prefer siliceous soils and abundant water availability, being mainly distributed
in the north, central and western areas (Castroviejo et al. 1990; Anthos. 2011; Vit et
al. 2017; GBIF.org. 2019). Their soil and water requirements make them not suitable
for being used as ornamental trees in the area. Nevertheless, there are some disperse
natural populations distributed in the south (Pérez Latorre and Cabezudo 2006; Blanca
et al. 2011; GBIF.org. 2019). Beside this, other previous aerobiology studies detected
Alnus pollen in the atmosphere of some localities in the south of the Iberian Peninsula
(Recio et al. 1998, 2006; Minero 1999; Docampo et al. 2007; Picornell et al. 2019b;

Velasco-Jiménez et al. 2020).
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River ecosystems are deeply endangered in the Mediterranean region due to the
traditional exploitation of their water resources, and this anthropic pressure has led to
the fragmentation of their habitats (Skoulikidis et al. 2017; Degirmenci et al. 2019).
Moreover, small populations have problems related to low genetic diversity, being
pollen exchange among populations a solution that can smooth this effect. Therefore,
knowing the potential pollen connection among such fragmented populations could
provide useful information for stablishing conservation strategies (Sork and Smouse
2006; Lander et al. 2010; Moran-Lopez et al. 2016; Zhang et al. 2019).

Since 1991, the Aerobiology research team of the University of Malaga has been
sampling the atmospheric pollen content at different points of Malaga province
(Southern Spain) (Picornell et al. 2019a). Alnus pollen has been frequently detected
during the winter season in low concentrations, according to the categories established
by the Spanish Aerobiology Network (REA) (Recio et al. 2000, 2006; Docampo et al.
2007; Galan et al. 2007; Picornell et al. 2019b). The lack of local Alnus pollen sources
near the stations and the distance existing to the nearest natural populations (i.e., the
nearest populations are 80-150 km away in the case of Malaga city) suggest a medium-
or even a long-term transport to explain Alnus pollen detection (Castroviejo et al. 1990;
Anthos. 2011; Blanca et al. 2011; Vit et al. 2017; GBIF.org. 2019). To search for
potential pollen sources and long distance transport events, many authors have
applied back trajectory analysis of air masses for different pollen types, including Alnus
(Sauliene and Veriankaite 2006; Hernandez-Ceballos et al. 2011, 2014; Fernandez-
Rodriguez et al. 2014; Izquierdo et al. 2015; Bilinska et al. 2017; Kasprzyk and Borycka
2019; Ghasemifard et al. 2020). Although many studies have been carried out on Alnus

pollen in northern and central Europe (Smith et al. 2007; Emberlin et al. 2007; Gehrig

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
https://creativecommons.org/licenses/by-nc-nd/4.0/



83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

This is the accepted version of the manuscript. The published version is available at:
https://doi.org/10.1007/s00484-020-01944-7

et al. 2015; Kasprzyk and Borycka 2019; Ghasemifard et al. 2020), or even in the north
of Spain (Jato et al. 2000, 2013; Rodriguez-Rajo et al. 2004, 2011, 2017; Gonzalez-
Parrado et al. 2006; Rodriguez-Rajo et al. 2006; Gonzalez Parrado et al. 2009), we
can hardly find monographic studies regarding the presence of this pollen type in the
atmosphere of the western Mediterranean area.

The main aims of this study were to find if there is an annual pattern for detecting
airborne Alnus pollen at three different locations of the Malaga province, as well as to
determine the possible origins of the pollen detected at the sampling stations, the
pollen dispersion potential of these Alnus populations and their possible reproductive

connectivity.

2 Material and methods

2.1 Study area

The study was carried out in three different localities situated in the province of Malaga
(Southern Spain): Malaga capital, Ronda and Sierra de las Nieves (Parauta). Malaga
sampling station is located in the roof of the Faculty of Sciences in the university
campus (36°42’N, 4°28'W; 58 m a.s.l.; urban environment; average annual
temperature: 18.4 °C; average total annual rainfall: 540 mm); Ronda sampling station
is located in the roof of the “Pérez de Guzman” public high school (36°44’N, 5°10'W,
768 m a.s.l.; semi-rural environment; 14.7 °C; 777 mm); and Sierra de las Nieves
sampling station is located in “Las Conejeras” recreational area (36°39’'N, 5°5’W; 1070
m a.s.l.; natural environment; 13.2 °C; 831 mm), inside the domains of the
homonymous Natural Park and Biosphere Reserve. Malaga province has a

Mediterranean climate, with warm temperature during the whole year (hot summers
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and mild winters), most rainfalls occurring mainly in autumn and winter, while summer

is the driest period (Recio et al. 1996, 2009; Fick and Hijmans 2017).

2.2 Pollen data

Airborne pollen were captured by means of three Hirst-type volumetric pollen traps
(Hirst 1952), one per sampling station. They were adjusted to aspirate a continuous
flow of 10 I/min. The methodology proposed by the Spanish Aerobiology Network
(REA) and the recommendations of the European Aeroallergen Society (EAS) were
followed in order to mount and count the samples (Galan et al. 2007, 2014). Four
longitudinal sweeps were read per slide at a magnification of 400X with the aid of a
light microscope.

Annual pollen integral (APIn) is defined as the sum of the average daily concentrations
over the whole year (Galan et al. 2017).

All the available pollen data for each station have been included in this study. These
dates were: 11" May 1991 to 30" June 2019 for Malaga; 16" December 2016 to 30"

June 2019 for Ronda; and 24" January 2018 to 30" June 2019 for Sierra de las Nieves.

2.3 Meteorological data

Meteorological data were obtained from the official stations of the Spanish National
Agency of Meteorology (AEMet). For that, the nearest meteorological stations to the
sampling points, considering only complete registers, were selected. Malaga-Airport
meteorological station was selected for Malaga (4.64 km away), and Ronda
meteorological station was used for both Ronda (0 km away) and Sierra de las Nieves
(11.72 km away) aerobiological stations. Daily values of maximum, mean and

minimum temperatures (°C), total rainfall (mm), average relative humidity (%), average
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wind speed (km/h), calm frequency (%), and frequency of winds (%) coming from the
four quadrants, i.e. 15! (northeast, NE), 2" (southeast, SE), 3" (southwest, SW) and

4™ (northwest, NW) were used.

2.4 Backward air trajectories and map elaboration

Only days with daily mean concentrations = 10 Alnus pollen grains/m® were used for
determining backward air trajectories in order to study the main pollination events
recorded during the whole studied period in each station. Backward air trajectories were
calculated according to Hybrid Single-Particle Langrangian Integrated Trajectory model
(HYSPLIT4), developed by the National Oceanic and Atmospheric Administration Air
Resources Laboratory (NOAA ARL) (Stein et al. 2015; Rolph et al. 2017). Trajectories
were studied at three different heights: 500, 750 and 1000 m AGL, as this range of
altitude is widely used in backward trajectories studies of air masses (Sauliene and
Veriankaite 2006; Stach et al. 2007; Hernandez-Ceballos et al. 2011, 2014; Bilinska et
al. 2017). Air masses below 500 m AGL were not considered to avoid interactions with
the orography and local climatic conditions. Meteorological data from 2005 to 2019 used
for calculating the trajectories were extracted from the global Global Data Analysis
System (GDAS) database with 1 degree of precision provided by the NOAA
(Environmental Modeling Center et al. 2001). Data prior to 2005 were obtained from
Archived Reanalysis Database provided by the NOAA (National Centers for
Environmental Prediction and National Center for Atmospheric Research 2003), which
was one of the few databases that had available data for this period. Isentropic vertical
motion was selected. For each target day, three new trajectories per hour were

calculated (one for each height; ending hours from 01:00 to 24:00 h at local time zone),
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resulting in 72 trajectories per day. Each air mass movement was observed 48 hours
backwards in time from the target station.

Geographical information was managed by using QGIS software (QGIS Development
Team 2019). Trajectories were plotted over the political map of southwest Europe and
northern Africa, elaborated with data obtained from the Spatial Reference Data of
Andalusia (DERA) (Junta de Andalucia. 2019). Georeferenced information about
preserved specimens of Alnus were obtained from GBIF database (Global Biodiversity
Information Facility) (GBIF.org. 2019), which, in turn, integrates information from 58
different databases. GBIF database has the most extensive and detailed registers for
the studied area, due to the integration of all the main databases from herbariums,
universities and research centers (GBIF: The Global Biodiversity Information Facility.
2019). These occurrences were included in the maps in order to show the situation of
the main populations of Alnus in the area. Registers without preserved specimens were

not considered to avoid possible misidentifications or non-reliable sources.

2.5 Statistical studies

Pollen data were expressed as daily mean concentrations (pollen grains/m?3). They
were analyzed and managed by using “AeRobiology” package, developed for R
software (Development-Core-Team 2017; Rojo et al. 2019). Statistical analysis were
performed by using R software too. A comparative statistical study, regarding the
meteorological parameters registered in Malaga, was carried out by comparing the days
with = 10 Alnus pollen grains/m3 and the days of January-March from all the sampling
years. Since the meteorological data did not fit a normal distribution, according to a

Kolmogorov-Smirnov test with Lilliefors correction (a=0.05), non-parametric statistics
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were used. Therefore, comparisons were made by means of Mann-Whitney-Wilcoxon
tests.

Correlations analyses were performed between the daily mean concentrations of Alnus
pollen (pollen grains/m3) and the main meteorological variables. Due to the reduced
number of days per year in which this pollen type was detected (= 1 pollen grains/m?3),
days without Alnus pollen detection were omitted to avoid statistical noise. Since data
did not fit a normal distribution, according to a Kolmogorv-Smirnov test with Lilliefors
correction (a=0.05), Spearman correlation coefficients were calculated.

The high number of comparisons increased the risk of type | errors and a post-hoc
correction was advisable. Bonferroni correction was applied and the a level to check

each hypothesis was reduced in each case.

3. Results

3.1 Pollen registers

Alnus pollen was not an abundant pollen type in the atmosphere of Malaga province.
In fact, it only represented the 0.10+0.05% of the annual pollen integral of all pollen
types recorded in Malaga (1992-2018); the 0.10+£0.03% in Ronda (2017-2018); and
the 0.06% in Sierra de las Nieves (2018).

The annual pollen integrals registered in the different sampling stations were, as
average, 35.82+25.29 pollen*day/m® in Malaga (1992-2019), 77.33+46.06
pollen*day/m?® in Ronda (2017-2019) and 49.50+12.02 pollen*day/m3in Sierra de las
Nieves (2018-2019). For 2019, it only included data from January to June, but no pollen
was expected outside this period according to the historical records (Supplementary

material).
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During the studied period, Alnus pollen was mainly detected during the period January-
March in all the stations (Fig. 1 and Supplementary material). However, the pollen
registers not only showed high fluctuations from one day to another but varied from
year to year. The average daily values of Alnus pollen concentration during the studied
period were normally lower in Malaga than in Ronda and Sierra de las Nieves. The
highest historical Alnus daily mean pollen concentration detected in Malaga was 26
pollen grains/m?3, being registered on 28" January 2019. In Ronda the historical peak
was registered the same day with 33 pollen grains/m?3, and in Sierra de las Nieves it

occurred on 3™ February 2019 with a daily mean concentration of 12 pollen grains/m3.

-FIG 1-

3.2 Backward air trajectories

In Malaga, backward air trajectories were studied for 12 different days (Fig. 2). Since
not a clear hourly pattern was observed during the chosen dates, i.e. pollen was
detected during almost the whole day, all trajectories were plotted to establish possible

Alnus pollen sources.

-FIG. 2-

Trajectories suggested a multiple origin of the Alnus pollen detected in Malaga. The
nearest Alnus populations, located southwest of Malaga (province of Cadiz and the
Genal river valley), may have contributed in some days, such as the 5" February 1996,
the 18" January 2004, the 14" February 2014, 27" January 2019, 28" January 2019
and 3™ February 2019 (Fig. 2). However, there are other 6 days with alder pollination
events in which air trajectories did not overpass these populations, but other larger

populations located in the north and northwest of Malaga.
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The meteorological parameters registered in those 12 days were studied and

compared with those of January-March from the period 1991-2019 (Fig. 3).

-FIG. 3-

Bonferroni correction was applied and the a level was reduced to 5*10°%3, With this
significance level, only significant differences in relative humidity, wind speed,
frequencies of wind blowing from 2" and 4" quadrants, as well as frequencies of calm
were not rejected. No rainfall was registered during the studied days.

In Ronda and Sierra de las Nieves, 4 and 2 days of alder events, respectively, were
studied (Fig. 4). As Alnus pollen were detected during the major part of the day, hourly

trajectories were also studied.

FIG. 4-

Trajectories in these stations did not have a unique pattern either. Only on 28" January
2019 and 3 February 2019 in Ronda, and on 3™ February in Sierra de las Nieves,
some trajectories overpassed the nearest Alnus populations situated in the southwest
of the aerobiological stations (province of Cadiz and the Genal river valley). During the
other three days, the air masses came from over the populations located north and
northeasterly of the study area (north and east of Andalusia).

The low number of Alnus pollination events in Ronda and Sierra de las Nieves did not
allow the use of statistics nor the boxplot representation. Therefore, the mean and
deviation values of the meteorological parameters during the days with Alnus
pollination events (2 10 pollen grains/m?®) and during the period January-March for all
the years studied are shown in Table 1. As observed, predominant meteorological

conditions during the days of alder events were: lower temperatures, slightly lower

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
https://creativecommons.org/licenses/by-nc-nd/4.0/



244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

This is the accepted version of the manuscript. The published version is available at:
https://doi.org/10.1007/s00484-020-01944-7

relative humidity, as well as a higher predominance of winds blowing from the first and
fourth quadrant (i.e. dominance of north direction). No rain was registered during those
days.

~TABLE 1-

3.3 Correlations with meteorological variables

The results of Spearman correlations carried out between daily values of Alnus pollen
concentration and the main meteorological variables, during all the days in which Alnus
was detected, are shown in Table 2.
-TABLE 2-

Bonferroni post-hoc correction was applied and the a level was reduced to 4.55*10-93,
Significant negative correlation coefficients were obtained in Malaga between daily
values of airborne alder pollen concentrations and relative humidity, frequency of wind
blowing from 2" quadrant (ES, coming from the Mediterranean sea) and frequency of
calm, while significant positive correlations coefficients were obtained with the wind
speed and frequency of wind blowing from the 4™ quadrant (NW). In Ronda, significant
negative correlations were obtained with mean and minimum temperatures and
frequency of winds from 3 quadrant (SW). In Sierra de las Nieves only a significant
negative correlation coefficient was detected between daily values of airborne alder

pollen concentration and frequency of wind from the 2" quadrant (SE).

4 Discussion

Alnus pollen, when detected, is frequently found in low concentrations in the
atmosphere of the Malaga province, probably due to the distance existing between the

aerobiological sampling stations and the populations of this taxon, which, on the other
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hand, makes it a perfect target for the study of medium and long distance pollen
transport. The high interannual variability of the annual Alnus pollen integral in Malaga,
together with the scarce sampling years in Ronda and Sierra de las Nieves
(Supplementary material), it does not make possible to conclude which station
registers the highest Alnus pollen values. The scarce number of years of sampling
carried out in Ronda and Sierra de las Nieves, are also reflected in the mean daily
values obtained (Fig. 1), which seems to be higher than those obtained in Malaga.
However, it is expected those values gradually decrease when more years of sampling
be added to the calculation of average values.

The 28 years of samplings carried out in Malaga, can be considered an acceptable
and sufficient number of years for establishing the general annual pattern of the Alnus
pollen in the atmosphere of the area (Martinez-Bracero et al. 2015; Galan et al. 2017).
The period in which Alnus pollen was mostly detected in the sampled locations
matched that of the flowering phenophase of Alnus populations from different and
distant parts of the Iberian Peninsula according to the results obtained by previous
researchers (Jato et al. 2013; Rodriguez-Rajo et al. 2017; Velasco-Jiménez et al.
2020). In this situation, not a clear origin of the Alnus pollen detected can be stated
from phenology timing. The small concentrations of pollen sporadically found outside
the period January-March may correspond to resuspension events.

As observed in the average daily values of Malaga (Supplementary material), there is
not a clear pollination peak nor a clear start or end of the pollination season either. The
detection of airborne Alnus pollen is sporadic and the few days with Alnus pollen did
not allow the calculation of a representative main pollen season. Once again, this may

be explained by the lack of a local source which could continuously contribute to the
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Alnus pollen concentrations, as well as by possible long- or medium-distance transport
events. Additionally, it may also explain the variations observed from one year to
another in the dates of pollen detection (Sofiev et al. 2006). The low amount of pollen
registered and their interannual variability points to a dependence of wind direction and
speed more than of local sources, which is reinforced by the backward air trajectories
obtained and the meteorological conditions of the days with Alnus pollination events.
Furthermore, Alnus pollen has been previously reported to be involved in long range
transport events in the Iberian Peninsula (Izquierdo et al. 2015). As observed in Fig. 2
and 4, wind trajectories passed over the main Alnus populations situated northern and
southeastern of the sampling points (i.e., medium- or long-range transport) in the days
in which the highest Alnus pollen concentrations were detected in all the aerobiological
stations. Trajectories during these days did not present great variations among the
different heights. Therefore, most of the pollen detected during these high-
concentration days were likely to come from distant populations.

Meteorological conditions during these days were also favorable to pollen transport
(Fig. 3), i.e. absence of precipitation, low relative humidity and high wind speed
(Rodriguez-Rajo et al. 2004, 2017; Bonofiglio et al. 2008; Rojo et al. 2015; Recio et al.
2018). Despite high temperatures have been reported to be favorable for pollen
dispersion, favouring drying and dehiscence of anthers (Rojo et al. 2015; Recio et al.
2018), no significant differences were found in Malaga between the temperatures of
these days and the average temperature for the period. On the contrary, negative
correlation coefficients were obtained between temperatures and pollen
concentrations in all the studied stations (Table 2). This may be related to wind

direction, due to wind blowing from the North, when main pollination events occurred,
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normally tend to lower temperatures. In fact, regarding wind conditions, the days with
Alnus pollination events had lower frequencies of wind in calm than average for this
period in all the stations (statistically significant in the case of Malaga). During these
events, the dominant winds in Malaga were those blowing from the 4" quadrant, which
suggests a main northwestern origin of the Alnus pollen detected. In Ronda and Sierra
de las Nieves, the 15t and 4" quadrants were the dominants (Table 1), which pinpoints
to a northern origin of the Alnus pollen. These results are also supported by the study
of backward air trajectories (Fig. 2 and 4). All this leads us to think that the highest
contributions of Alnus pollen detected in the atmosphere of Malaga province, come
from populations located in Sierra Morena (north of Andalusia; 160-200 km away), but
not discarding punctual contributions of the populations situated in the southwest
(Cadiz province and Genal river valley; 50-100 km away) and the east (Sierra Nevada,
Granada province; 130-160 km away) as observed in the backward air trajectories.
Contributions from the populations situated in the center and north of the Iberian
Peninsula are less likely but not disposable (> 300 km away).

The correlation study carried out between Alnus pollen concentrations and
meteorological variables (Table 2), did not show a clear pattern for all the
aerobiological stations, what can be explained by the smaller amount of available data
in Sierra de las Nieves and Ronda when compared to Malaga and also due to the very
restrictive post-hoc correction applied (i.e., the more data, the more significant
correlations are expected). However, it should be noted that, when significant, negative
coefficients were obtained in the case of relative humidity, temperatures, % of calms
and winds blowing from the 2"¢ and 3™ quadrants. On the contrary, the significant

coefficients were positive in the case of wind speed and winds blowing from the 4%
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quadrant. This explains that the meteorological conditions commented above be the
most favorable for the capture of Alnus pollen. In general, in Malaga, which is a coastal
town, winds blowing from the 2" and 3™ quadrants, coming from the sea, tend to
decrease atmospheric pollen concentrations, while those of northern component
increase the pollen concentrations of plants whose populations are situated inland
(Recio et al. 2018).

The highest concentrations detected in all the sampling locations are low when
compared with other European locations (Smith et al. 2007; Jantunen et al. 2012;
Ghasemifard et al. 2020) or other regions of the Iberian Peninsula (Rodriguez-Rajo et
al. 2017; Velasco-Jiménez et al. 2020). Most of the concentrations detected are not
expected to trigger allergic symptoms in sensible population by themselves, but there
were punctual concentrations that reached higher values which may detonate an
immunological response (Jantunen et al. 2012; Rodriguez-Rajo et al. 2017). The
cross-reactivity existing between Alnus pollen and other species within the Fagales
order has been unveiled by several authors (Smith et al. 2007; Emberlin et al. 2007;
Hauser et al. 2011; Gehrig et al. 2015; Skjgth et al. 2015; Kasprzyk and Borycka 2019).
Although the quantitative relevance of the cross-reaction between Alnus and Betula
pollen has been widely studied, this has not been the case of Quercus pollen, since
their species are not as abundant in central or northern Europe as they are in the south
(Hauser et al. 2011; Jantunen et al. 2012; Skjgth et al. 2015). Therefore, it would be
interesting for future research to study with clinical data if these sporadic peaks of
Alnus pollen concentrations in some years have a correlation with an increase of

Quercus allergic symptoms during spring.
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Finally, we would like to comment that the long-range pollen transport studied here, it
could make reproductive contact between isolated Alnus populations possible. This is
because the distance between the sampling stations and the Alnus populations, are

similar to the distance between such populations.

5. Conclusions

Alnus pollen can be considered a minority pollen type in the atmosphere of the Malaga
province due to its low annual pollen integrals and relative abundance values.
Nevertheless, it has been detected days with higher airborne pollen concentrations
which notably contribute to the Alnus annual pollen content.

The irregularity of Alnus pollen occurrences, the prevailing meteorological conditions
during the events, as well as the backward air trajectories study, supported the
possibility of a long-term transport to the localities studied.

According to the backward air trajectories study, Alnus pollen concentrations detected
in the atmosphere of the province of Malaga may correspond to an heterogeneous
origin: a main pollen source from the Alnus populations situated northern the stations
(long-term transport), but also punctual contributions from the populations situated in
the province of Cadiz and Genal river valley (southwest; the nearest Alnus populations;
medium- or long-term transport depending of the pollen sampling station). In a lesser
extent, it is also possible a contribution of populations situated further north. This long-
range pollen transport detected would support the possible pollen exchange among
isolated populations in the area. To support this, the genetic characterization of the

pollen detected could be a very interesting topic for future research.

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
https://creativecommons.org/licenses/by-nc-nd/4.0/



385

386

387

388

389

390

3901

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

This is the accepted version of the manuscript. The published version is available at:
https://doi.org/10.1007/s00484-020-01944-7

Funding: This work was supported by the Spanish Ministry of Economy and
Competitiveness [project CGL2014-54731-R]; by the Junta de Andalucia [contract
8.06/503.4764]; and by the Area of Environment and Sustainability of the Malaga City
Council [contracts 8.06/5.03.4721 and 8.07/5.03.5159]. Antonio Picornell was
supported by a predoctoral grant financed by the Spanish Ministry of Education,
Culture and Sport, in the Program for the Promotion of Talent and its Employability
[grant number FPU15/01668]. The pollen trap installed in Sierra de las Nieves was
funded by the Herbarium MGC of the SCAI (Central Services of Research Support) of
the University of Malaga. All authors are members of the research team RNM115 of

Junta de Andalucia, Spain.

Acknowledgments: The authors specially want to thanks the SCAI (Central Service
for Research Support) of the University of Malaga for supporting the acquisition of the
pollen trap installed in Sierra de las Nieves; the Parauta City Council, the direction of
Sierra de las Nieves Natural Park, and Las Conejeras campsite for facilitating the
installation of the pollen trap in Sierra de las Nieves; and the staff of Pérez de Guzman

High School for providing support to install and maintain the pollen trap in Ronda.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no
role in the design of the study, collection, analyses, or interpretation of data; in the
writing of the manuscript, or in the decision to publish the results.

References

Anthos. (2011) Information System of the plans of Spain. In: Real Jardin Botanico,

CSIC- Fund. Biodivers. www.anthos.es. Accessed 24 Oct 2019

Bilinska D, Skjgth CA, Werner M, et al (2017) Source regions of ragweed pollen

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
https://creativecommons.org/licenses/by-nc-nd/4.0/



408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

This is the accepted version of the manuscript. The published version is available at:
https://doi.org/10.1007/s00484-020-01944-7

arriving in south-western Poland and the influence of meteorological data on the
HYSPLIT model results. Aerobiologia 33:315-326.

https://doi.org/10.1007/s10453-017-9471-9

Blanca G, Cabezudo B, Cueto M, et al (2011) Flora Vascular de Andalucia Oriental,

Segunda ed. Universidades de Almeria, Granada, Jaén y Malaga, Granada

Bonofiglio T, Orlandi F, Sgromo C, et al (2008) Influence of temperature and rainfall
on timing of olive (Olea europaea) flowering in Southern Italy. New Zeal J Crop

Hortic Sci 36:59-69. https://doi.org/10.1080/01140670809510221

Castroviejo S, Lainz M, Lépez Gonzalez G, et al (1990) Flora iberica 2. Real Jardin

Botanico, CSIC, Madrid

D’Amato G, Cecchi L, Bonini S, et al (2007) Allergenic pollen and pollen allergy in

Europe. Allergy 62:976-990. https://doi.org/10.1111/j.1398-9995.2007.01393.x

Degirmenci FO, Acar P, Kaya Z (2019) Consequences of habitat fragmentation on
genetic diversity and structure of Salix alba L. populations in two major river
systems of Turkey. Tree Genet Genomes 15:1-13.

https://doi.org/10.1007/s11295-019-1365-2

Development-Core-Team (2017) R: A Language and Environment for Statistical

Computing

Docampo S, Recio M, Trigo MM, et al (2007) Risk of pollen allergy in Nerja (southern
Spain): A pollen calendar. Aerobiologia 23:189-199.

https://doi.org/10.1007/s10453-007-9063-1

Emberlin J, Smith M, Close R, Adams-Groom B (2007) Changes in the pollen

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
https://creativecommons.org/licenses/by-nc-nd/4.0/



430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

This is the accepted version of the manuscript. The published version is available at:
https://doi.org/10.1007/s00484-020-01944-7

seasons of the early flowering trees Alnus spp. and Corylus spp. in Worcester,
United Kingdom, 1996-2005. Int J Biometeorol 51:181-191.

https://doi.org/10.1007/s00484-006-0059-2

Environmental Modeling Center, National Centers for Environmental Prediction,
National Weather Service, et al (2001) Global Data Assimilation System (GDAS).
https://data.nodc.noaa.gov/cgi-bin/iso?id=gov.noaa.ncdc:C00379#. Accessed 1

Aug 2019

Fernandez-Rodriguez S, Skjgth CA, Tormo-Molina R, et al (2014) Identification of
potential sources of airborne Olea pollen in the Southwest Iberian Peninsula. Int

J Biometeorol 58:337—-348. https://doi.org/10.1007/s00484-012-0629-4

Fick SE, Hijmans RJ (2017) WorldCIlim 2: new 1-km spatial resolution climate
surfaces for global land areas. Int J Climatol 37:4302—4315.

https://doi.org/10.1002/joc.5086

Galan C, Ariatti A, Bonini M, et al (2017) Recommended terminology for
aerobiological studies. Aerobiologia 33:293-295. https://doi.org/10.1007/s10453-

017-9496-0

Galan C, Carinanos P, Alcazar P, Dominguez-Vilches E (2007) Spanish Aerobiology
Network (REA): Management and Quality Manual. Servicio de Publicaciones

Universidad de Coérdoba, Cordoba

Galan C, Smith M, Thibaudon M, et al (2014) Pollen monitoring: minimum
requirements and reproducibility of analysis. Aerobiologia 30:385-395.

https://doi.org/10.1007/s10453-014-9335-5

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
https://creativecommons.org/licenses/by-nc-nd/4.0/



452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

This is the accepted version of the manuscript. The published version is available at:
https://doi.org/10.1007/s00484-020-01944-7

GBIF: The Global Biodiversity Information Facility. (2019) What is GBIF?

https://www.gbif.org/what-is-gbif. Accessed 4 Oct 2019

GBIF.org. (2019) GBIF Ocurrence Download. In: 2019.

https://doi.org/10.15468/dl.ws3xvc. Accessed 5 Sep 2019

Gehrig R, Gassner M, Schmid-Grendelmeier P (2015) Alnus x spaethii pollen can
cause allergies already at Christmas. Aerobiologia 31:239-247.

https://doi.org/10.1007/s10453-014-9360-4

Ghasemifard H, Ghada W, Estrella N, et al (2020) High post-season Alnus pollen
loads successfully identified as long-range transport of an alpine species. Atmos

Environ 117453. https://doi.org/10.1016/j.atmosenv.2020.117453

Gonzalez-Parrado Z, Fuertes-Rodriguez CR, Vega-Maray AM, et al (2006) Chilling
and heat requirements for the prediction of the beginning of the pollen season of
Alnus glutinosa (L.) Gaertner in Ponferrada (Ledn, Spain). Aerobiologia 22:47—

53. https://doi.org/10.1007/s10453-005-9008-5

Gonzalez Parrado Z, Valencia Barrera RM, Fuertes Rodriguez CR, et al (2009)
Alternative statistical methods for interpreting airborne Alder (Alnus glutimosa
(L.) Gaertner) pollen concentrations. Int J Biometeorol 53:1-9.

https://doi.org/10.1007/s00484-008-0184-1

Hauser M, Asam C, Himly M, et al (2011) Bet v 1-like pollen allergens of multiple
Fagales species can sensitize atopic individuals. Clin Exp Allergy 41:1804-1814.

https://doi.org/10.1111/j.1365-2222.2011.03866.x

Hernandez-Ceballos MA, Garcia-Mozo H, Adame JA, et al (2011) Determination of

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
https://creativecommons.org/licenses/by-nc-nd/4.0/



This is the accepted version of the manuscript. The published version is available at:
https://doi.org/10.1007/s00484-020-01944-7

474 potential sources of Quercus airborne pollen in Cordoba city (southern Spain)
475 using back-trajectory analysis. Aerobiologia 27:261-276.
476 https://doi.org/10.1007/s10453-011-9195-1

477  Hernandez-Ceballos MA, Skjgth CA, Garcia-Mozo H, et al (2014) Improvement in the

478 accuracy of back trajectories using WRF to identify pollen sources in southern
479 Iberian Peninsula. Int J Biometeorol 58:2031-2043.
480 https://doi.org/10.1007/s00484-014-0804-x

481  Hirst JM (1952) An automatic volumetric spore trap. Ann Appl Biol 39:257-265.

482 https://doi.org/10.1111/j.1744-7348.1952.tb00904 .x

483  Iglesias |, Méndez J, Comtois P (2003) Aerobiological survey of Alnus pollen in
484 Ourense (N.W. Iberian Peninsula), 1993-2000. Grana 42:112-120.

485 https://doi.org/10.1080/00173130310012503

486 lzquierdo R, Alarcon M, Periago C, Belmonte J (2015) Is long range transport of

487 pollen in the NW Mediterranean basin influenced by Northern Hemisphere
488 teleconnection patterns? Sci Total Environ 532:771-779.
489 https://doi.org/10.1016/j.scitotenv.2015.06.047

490 Jantunen J, Saarinen K, Rantio-Lehtimaki A (2012) Allergy symptoms in relation to
491 alder and birch pollen concentrations in Finland. Aerobiologia 28:169-176.

492 https://doi.org/10.1007/s10453-011-9221-3

493  Jato M V., Frenguelli G, Rodriguez FJ, et al (2000) Temperature requirements of
494 Alnus polen in Spain and ltaly (1994-1998). Grana 39:240-245.

495 https://doi.org/10.1080/00173130052017271

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
https://creativecommons.org/licenses/by-nc-nd/4.0/



496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

This is the accepted version of the manuscript. The published version is available at:
https://doi.org/10.1007/s00484-020-01944-7

Jato M V., Rodriguez-Rajo FJ, Aira MJ, et al (2013) Differences in atmospheric trees
pollen seasons in winter, spring and summer in two European geographic areas,
Spain and ltaly. Aerobiologia 29:263—-278. https://doi.org/10.1007/s10453-012-

9278-7

Junta de Andalucia. (2019) Datos Espaciales de Referencia de Andalucia.
https://www.juntadeandalucia.es/institutodeestadisticaycartografia/DERA/.

Accessed 4 Oct 2019

Kasprzyk I, Borycka K (2019) Alder pollen concentrations in the air during snowfall.

Int J Biometeorol 63:1651-1658. https://doi.org/10.1007/s00484-019-01781-3

Lander TA, Boshier DH, Harris SA (2010) Fragmented but not isolated: Contribution
of single trees, small patches and long-distance pollen flow to genetic
connectivity for Gomortega keule, an endangered Chilean tree. Biol Conserv

143:2583-2590. https://doi.org/10.1016/j.biocon.2010.06.028

Lépez Gonzalez G (2001) Los arboles y arbustos de la Peninsula Ibérica e Islas

Baleares. Ediciones Mundi-Prensa, Madrid

Martinez-Bracero M, Alcazar P, Diaz de la Guardia C, et al (2015) Pollen calendars:
a guide to common airborne pollen in Andalusia. Aerobiologia 31:549-557.

https://doi.org/10.1007/s10453-015-9385-3

Minero FJG (1999) Relationship between air temperature and the start of pollen
emission in some arboreal taxa in southwestern spain. Grana 38:306-310.

https://doi.org/10.1080/001731300750044537

Moran-Lépez T, Robledo-Arnuncio JJ, Diaz M, et al (2016) Determinants of

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
https://creativecommons.org/licenses/by-nc-nd/4.0/



518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

This is the accepted version of the manuscript. The published version is available at:
https://doi.org/10.1007/s00484-020-01944-7

functional connectivity of holm oak woodlands: Fragment size and mouse
foraging behavior. For Ecol Manage 368:111-122.

https://doi.org/10.1016/j.foreco.2016.03.010

National Centers for Environmental Prediction, National Center for Atmospheric
Research (2003) NCEP/NCAR Reanalysis Data Archive.

ftp://arlftp.arlhg.noaa.gov/pub/archives/reanalysis. Accessed 1 Aug 2019

Pérez Latorre A V., Cabezudo B (2006) Phenomorphology and eco-morphological
characters of Rhododendron lauroid forests in the Western Mediterranean
(Iberian Peninsula, Spain). Plant Ecol 187:227-247.

https://doi.org/10.1007/s11258-005-6574-0

Picornell A, Oteros J, Trigo MM, et al (2019a) Increasing resolution of airborne pollen
forecasting at a discrete sampled area in the southwest Mediterranean Basin.

Chemosphere 234:668—681. https://doi.org/10.1016/j.chemosphere.2019.06.019

Picornell A, Recio M, Trigo M del M, Cabezudo B (2019b) Preliminary study of the
atmospheric pollen in Sierra de las Nieves Natural Park (Southern Spain).

Aerobiologia 35:571-576. https://doi.org/10.1007/s10453-019-09591-1

QGIS Development Team (2019) QGIS Geographic Information System.

Recio M, Cabezudo B, Trigo MDM, Toro FJ (1998) Pollen calendar of Malaga
(Southern Spain), 1991-1995. Aerobiologia 14:101-107.

https://doi.org/10.1007/BF02694193

Recio M, Cabezudo B, Trigo MM, Toro FJ (1996) Olea europaea pollen in the

atmosphere of Malaga (S. Spain) and its relationship with meteorological

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
https://creativecommons.org/licenses/by-nc-nd/4.0/



540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

This is the accepted version of the manuscript. The published version is available at:
https://doi.org/10.1007/s00484-020-01944-7

parameters. Grana 35:308-313. https://doi.org/10.1080/00173139609429086

Recio M, Picornell A, Trigo MM, et al (2018) Intensity and temporality of airborne
Quercus pollen in the southwest Mediterranean area: Correlation with
meteorological and phenoclimatic variables, trends and possible adaptation to
climate change. Agric For Meteorol 250-251:308-318.

https://doi.org/10.1016/j.agrformet.2017.11.028

Recio M, Rodriguez-Rajo FJ, Jato MV, et al (2009) The effect of recent climatic
trends on Urticaceae pollination in two bioclimatically different areas in the
Iberian Peninsula: Malaga and Vigo. Clim Change 97:215-228.

https://doi.org/10.1007/s10584-009-9620-4

Recio M, Trigo MDM, Toro FJ, et al (2006) A three-year aeropalynological study in

Estepona (southern Spain). Ann Agric Environ Med 13:201-207

Recio M, Trigo MM, Toro FJ, Docampo S (2000) Estudio aerobiolégico de la
localidad de Antequera (Malaga, Espana): 1998-1999. Acta Bot Malacit 25:165—

174

Rodriguez-Rajo F, Aira M, Fernandez-Gonzalez M, et al (2011) Recent trends in
airborne pollen for tree species in Galicia, NW Spain. Clim Res 48:281-291.

https://doi.org/10.3354/cr00966

Rodriguez-Rajo FJ, Dopazo A, Jato V (2004) Environmental factors affecting the
start of pollen season and concentrations of airborne Alnus pollen in two

localities of Galicia (NW Spain). Ann Agric Environ Med 11:35-44

Rodriguez-Rajo FJ, Valencia-Barrera RM, Vega-Maray AM, et al (2017) Prediction of

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
https://creativecommons.org/licenses/by-nc-nd/4.0/



562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

This is the accepted version of the manuscript. The published version is available at:
https://doi.org/10.1007/s00484-020-01944-7

airborne Alnus pollen concentration by using ARIMA models. Annals Agric

Environ Med 13:25-32

Rodriguez-Rajo FJ, Fernandez-Gonzalez MD, Vega-Maray AM, et al (2006)
Biometeorological characterization of the winter in north-west Spain based on
Alnus pollen flowering. Grana 45:288-296.

https://doi.org/10.1080/00173130600984534

Rojo J, Picornell A, Oteros J (2019) AeRobiology: the computational tool for
biological data in the air. Methods Ecol Evol 10:1371-1376.

https://doi.org/10.1111/2041-210x.13203

Rojo J, Rapp A, Lara B, et al (2015) Effect of land uses and wind direction on the

contribution of local sources to airborne pollen. Sci Total Environ 538:672—682

Rolph G, Stein A, Stunder B (2017) Real-time Environmental Applications and

Display sYstem: READY. Environ Model Softw 95:210-228

Sauliene |, Veriankaite L (2006) Application of backward air mass trajectory analysis
in evaluating airborne pollen dispersion. J Environ Eng Landsc Manag 14:113-

120. https://doi.org/10.1080/16486897.2006.9636887

Skjoth CA, Baker P, Sady$ M, Adams-Groom B (2015) Pollen from alder (Alnus sp.),
birch (Betula sp.) and oak (Quercus sp.) in the UK originate from small

woodlands. Urban Clim 14:414—-428. https://doi.org/10.1016/j.uclim.2014.09.007

Skoulikidis NT, Sabater S, Datry T, et al (2017) Non-perennial Mediterranean rivers
in Europe: Status, pressures, and challenges for research and management. Sci

Total Environ 577:1-18. https://doi.org/10.1016/j.scitotenv.2016.10.147

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
https://creativecommons.org/licenses/by-nc-nd/4.0/



584

585

586

587

588

589

590

501

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

This is the accepted version of the manuscript. The published version is available at:
https://doi.org/10.1007/s00484-020-01944-7

Smith M, Emberlin J, Stach A, et al (2007) Regional importance of Alnus pollen as an
aeroallergen: a comparative study of Alnus pollen counts from Worcester [UK]

and Poznan [Poland]. Ann Agric Environ Med 14:123-128

Sofiev M, Siljamo P, Ranta H, Rantio-Lehtimaki A (2006) Towards numerical
forecasting of long-range air transport of birch pollen: Theoretical considerations
and a feasibility study. Int J Biometeorol 50:392—-402.

https://doi.org/10.1007/s00484-006-0027-x

Sork VL, Smouse PE (2006) Genetic analysis of landscape connectivity in tree
populations. Landsc Ecol 21:821-836. https://doi.org/10.1007/s10980-005-5415-

9

Stach A, Smith M, Skjgth CA, Brandt J (2007) Examining Ambrosia pollen episodes
at Poznan (Poland) using back-trajectory analysis. Int J Biometeorol 51:275—

286. https://doi.org/10.1007/s00484-006-0068-1

Stein AF, Draxler RR, Rolph GD, et al (2015) NOAA’s HYSPLIT atmospheric
transport and dispersion modeling system. Bull Am Meteorol Soc 96:2059-2077.

https://doi.org/10.1175/BAMS-D-14-00110.1

Velasco-Jiménez MJ, Alcazar P, Diaz de la Guardia C, et al (2020) Pollen season
trends in winter flowering trees in South Spain. Aerobiologia 1-12.

https://doi.org/10.1007/s10453-019-09622-x

Vit P, Douda J, Krak K, et al (2017) Two new polyploid species closely related to
alnus glutinosa in Europe and North Africa — An analysis based on
morphometry, karyology, flow cytometry and microsatellites. Taxon 66:567—-583.

https://doi.org/10.12705/663.4

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
https://creativecommons.org/licenses/by-nc-nd/4.0/



This is the accepted version of the manuscript. The published version is available at:
https://doi.org/10.1007/s00484-020-01944-7

607 Zhang Z, Gale SW, Li JH, et al (2019) Pollen-mediated gene flow ensures

608 connectivity among spatially discrete sub-populations of Phalaenopsis
609 pulcherrima, a tropical food-deceptive orchid. BMC Plant Biol 19:1-16.
610 https://doi.org/10.1186/s12870-019-2179-y

611

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
https://creativecommons.org/licenses/by-nc-nd/4.0/



612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

This is the accepted version of the manuscript. The published version is available at:
https://doi.org/10.1007/s00484-020-01944-7

Fig. captions

Fig. 1. Mean (black line) and maximum (upper limits of the colored areas) daily
concentrations of Alnus pollen detected in each aerobiological station during the
studied years. Areas of each color represent the daily pollen concentrations of a
year of study. Those days that exceeded the discontinuous red line (= 10 Alnus
pollen grains/m?®) were studied as possible long transport events. Malaga data:
from 11t May 1991 to 30" June 2019; Ronda data: from 16" December 2016 to
30" June 2019; Sierra de las Nieves data: from 24" January 2018 to 30" June

2019.

Fig. 2. Hourly backward air trajectories during the 12 days with with Alnus pollen
concentrations in Malaga 2 10 pollen grains/m3, at different heights. Each line
represents a 48 hours length backward trajectory for each hour of the target day.
Trajectories in green arrived at 500 m AGL at the sampling station; red trajectories,
at 750 m AGL; and black trajectories, at 1000 m AGL Blue dots represent

georeferenced preserved specimens of Alnus obtained from GBIF database.

Fig. 3. Boxplot comparison between the meteorological parameters prevailing
during the days with higher Alnus pollen concentrations in Malaga (2 10 pollen
grains/m3, Alnus event days), in orange and the days from January to March (in
blue) of the studied period (1991-2019). p-values were obtained from Mann-
Whitney-Wilcoxon tests. Tm: daily mean temperature; Tmax: daily maximum
temperature; Tmin: daily minimum temperature; Wind Q1, Q2, Q3 and Q4: daily

frequencies of winds (%) blowing from the 15t (NE), 2" (ES), 3™ (SW) and 4" (NW)
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quadrants; Wind Calm: daily frequencies of wind in calm. Alnus event days, n=12;

January-March days, n=2617.

Fig. 4. Hourly backward air trajectories during the days with high Alnus pollen
detection in Ronda and Sierra de las Nieves (2 10 pollen grains/m3) at different
heights. Each line represents a 48 hours length backward trajectory for each hour
of the target day. Trajectories in green arrived at 500 m AGL at the sampling station
in Ronda and Sierra de las Nieves respectively; red trajectories at 750m AGL and
black trajectories at 1000 m AGL Blue dots represent georeferenced preserved

specimens of Alnus obtained from GBIF database.

Table 1. Mean and standard deviations of meteorological parameters in the days
with high Alnus pollen detection in Ronda and Sierra de las Nieves (= 10 pollen
grains/m?; “Alnus events”), as well as in January-March days of the entire studied
period (2017-2019 in Ronda and 2018-2019 in Sierra de las Nieves). Rel. Hum.:
daily relative humidity; Tm: daily mean temperature; Tmax: daily maximum
temperature; Tmin: daily minimum temperature; Wind Q1, Q2, Q3 and Q4: daily
frequencies of winds blowing from the 15t (NE), 2" (ES), 3™ (SW) and 4" (NW)

quadrants; Wind Calm: daily frequencies of wind in calm.

Table 2. Spearman correlation coefficients (Coef.) and p-values obtained between
daily values of Alnus pollen concentration (pollen grains/m3) and meteorological
variables in the days with any Alnus pollen detection (21 grain/m?3) of the period
studied in each aerobiological station. Rel. Hum.: average relative humidity (%);
Tm: mean temperature (°C); Tmax: maximum temperature (°C); Tmin: minimum

temperature (°C); Wind Q1, Q2, Q3 and Q4: daily frequencies of winds blowing
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657 from the 15t (NE), 2" (SE), 3™ (SW) and 4™ (NW) quadrants (%); Wind Calm: daily
658 frequencies of wind in calm (%). (*) Significant correlations after Bonferroni post-

659  hoc correction.
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