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%ÐÎÜÙÌɯƕȭɯSpore sampler location (Red). 

This is the centre of a large urban area, located on the east coast of the island of Ire-
land, flanked by the Irish Sea to the east, and the Dublin/Wicklow mountains to the south. 
With the exception of the mountainous southern region, most of the city occupies a flat 
and low-lying basin (with Trinity College itself lying approximately 12 m above sea level) 
and is bisected by the River Liffey. It has an oceanic, or maritime-temperate climate, with 
mild summers and cool winters, and little temperature variation. The average annual tem-
peratures range from 2.6 °C in winter, to 19.3 °C in summer [34]. The mean annual pre-
cipitation is 734.7 mm, with the driest month being February at 51.4 mm and December 
being the wettest at 76.7 mm. 
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In 1978, fungal spore sampling took place from 27 April to 29 September. In 1979, 

sampling occurred between the dates of 7 March and 5 September. In 1980, sampling took 
place between the dates of 23 April and 31 July. 

Sampling was carried out using a Hirst-type sampler on the roof of Trinity College. 
Airborne particles were drawn into the Hirst device at a rate of 10 L/min through a 2 mm 
slit in the device. These particles were then impacted onto a tape coated with an adhesive, 
with the tape attached to a drum that rotated at a speed of 2 mm/h; the drums circumfer-
ence is 336 mm, allowing for 168 h, or exactly 7 days of sampling before the tape needs to 
be removed and replaced. This tape was then cut into 48 mm long daily samples and 
transferred onto glass slides and covered with a stained gelatine and cover slip, for both 
sample preservation and ease of identification via optical microscopy. Sample analysis 
was conducted using an optical microscope at 250× magnification, with one longitudinal 
transect counted along each slide. Daily fungal spore concentrations were calculated as 
the number of spores per m3 of air. The spore types identified were:  ÓÛÌÙÕÈÙÐÈ, Ascospores, 
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Meteorological data were obtained from the Met Éireann database [35]. The weather 

station in Dublin Airport (52°51′40″ N, 06°54′55″ W) (74 metres above sea level) provided 

Figure 1. Spore sampler location (Red).

2.2. Spore Monitoring Periods and Spore Identification

In 1978, fungal spore sampling took place from 27 April to 29 September. In 1979,
sampling occurred between the dates of 7 March and 5 September. In 1980, sampling took
place between the dates of 23 April and 31 July.

Sampling was carried out using a Hirst-type sampler on the roof of Trinity College.
Airborne particles were drawn into the Hirst device at a rate of 10 L/min through a
2 mm slit in the device. These particles were then impacted onto a tape coated with
an adhesive, with the tape attached to a drum that rotated at a speed of 2 mm/h; the
drums circumference is 336 mm, allowing for 168 h, or exactly 7 days of sampling before
the tape needs to be removed and replaced. This tape was then cut into 48 mm long
daily samples and transferred onto glass slides and covered with a stained gelatine and
cover slip, for both sample preservation and ease of identification via optical microscopy.
Sample analysis was conducted using an optical microscope at 250� magnification, with
one longitudinal transect counted along each slide. Daily fungal spore concentrations
were calculated as the number of spores per m3 of air. The spore types identified were:
Alternaria, Ascospores, Basidiospores, Botrytis, Cladosporium, Downy Mildew, Epicoccum,
Erysiphe, Ganoderma, Polythrincium, Rusts Scopulariopsis, Tilletiopsis, Venturia and yeasts.

2.3. Meteorological Data

Meteorological data were obtained from the Met ’ ireann database [35]. The weather
station in Dublin Airport (52� 5104000N, 06� 5405500W) (74 metres above sea level) provided
daily datasets of major meteorological parameters. The available daily parameters were:
mean, maximum and minimum temperatures (� C, Tmean, Tmax and Tmin), average mean
temperature over the previous 10 days (� C, Tmean_10), grass minimum temperature (� C,
Gmin), mean 10 cm soil temperature (� C, Soil), precipitation amount (mm, Rain), average
precipitation amount over the previous 10 days (mm, Rain_10), mean CBL (Convective
Boundary Layer) pressure (hpa, Pressure), mean wind speed (kt, Wind_s) and wind di-
rection at max 10 min mean (deg, Wind_d), global radiation (J/cm2, G_rad), potential
evapotranspiration (Pe, mm), evaporation (Evap, mm), and relative humidity (%, Rh).
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2.4. Statistical Analyses
2.4.1. Meteorological Analysis

Statistical analyses were carried out using R software [36]. Pearson’s correlation
coefficient tests for each year of study were performed to ascertain the relationship between
spore concentration and weather-related parameters. Additionally, Multivariate Regression
Trees (MRTs) were constructed. MRTs were developed to carry out relationship analyses
between flora or fauna species, and various environmental parameters. They have been
used many times previously, directly analysing the relationship between meteorological
parameters and fungal spore types and concentrations [8,37].

The meteorological thresholds at which concentrations of common spore types in-
creased significantly were determined. For this analysis, the fungal spores analysed include
Alternaria, Ascospores, Basidiospores, Botrytis, Cladosporium, Erysiphe, and Rusts. For Spear-
man’s correlation, which is seen within the MRTs, significance was calculated for p < 0.001,
p < 0.01, p < 0.05 and p < 0.1. The MRTs were constructed using the R Program [36] “party”
package [38].

2.4.2. Fungal Spore Fructification Period Chart

To calculate the fungal spore fructification period chart, daily fungal spore values for
all three years were aggregated together to create a set of daily mean values for each fungal
spore type, over the entire study period. The main fructification period was calculated
using the percentage method, which has been used previously for the description of pollen
seasons [39]. In this case, the method selected was the 90% method, whereby the main
fructification period commences on the day at which 10% of the years’ total fungal spores
have been counted. Equally, it ends on the day at which 90% of the years’ total spores have
been counted. Early and late fructification periods include times of year outside the main
fructification period where, at least 0.5% of the years’ total fungal spore concentration has
already been accounted (for the early period), and where, at most, 0.5% of the spores to be
counted remain after this date (for the late period). Each month was divided into 6 periods
of 5 days, with 31-day months having 6 days in their final period, and February having
only 3 days for its final period. The five daily values were added together, and divided by
5, to give the arithmetic mean (or divided by 6 or 3 accordingly). Each segment was then
categorised via a 3-digit code, as the month abbreviation and period number. For example,
Ja1 to Ja6 represent the six periods of January, and Jn1 to Jn6 represent the periods of June.

This method of fungal spore fructification period chart construction has been used for
the construction of historical bioaerosol calendars in numerous previous works, mainly
relating to pollen calendars and their methodology [40–43]. It is important to note that,
in general, a pollen or fungal spore calendar requires at least 5 years’ worth of data to
reliably identify trends and normalise the impacts of major weather events, so this should
be regarded as more of a historical fungal spore database rather than a calendar, as a
sufficiently long, continuous monitoring programme was not in place at the time of this
initial study.

2.4.3. Geographical Origin of Airborne Spores

The two-dimensional Non-parametric Wind Regression (NWR) method was used to
assess the geographical origin of atmospheric spores using the software package ZeFir-
v3.7 [44]. This method has been used in multiple studies for geographical wind origin
analysis, as well as for air quality analysis [45–47].

Non-parametric Wind Regression was initially developed by Henry et al. [48], and
uses Gaussian-like functions to give a weighted average of the wind direction and speed
coefficients, and couples these with co-located ambient bioaerosol concentrations [44].
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3. Results
3.1. Distribution and Analysis of Airborne Fungal Spore Content

Figure 2 shows a set of box and whisker plots for each month of each year of the
campaign period, allowing for direct comparison between the data of each year, as well as
a view of the seasonal trend of total fungal spore concentrations.
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observed in March and April, with the first increases seen in May, particularly in 1980, 
where its median value more than doubled compared with April, before continuing to 
rise (in all three years) in June. The 1979 data display a consistent rise, month on month, 

Figure 2. Box plot of the monthly fungal spore concentrations of each year of the study. The bottom
and top borders of each box indicate the quartiles Q1 to Q3. The bold line bisecting each box
indicates the median. Whiskers indicate 1.5 interquartile ranges from the median and dots represent
outlier values.

It can be seen in Figure 2 that the highest mean monthly concentrations of fungal
spores were exhibited in 1979, peaking in August. In contrast, 1978 displayed the lowest
monthly concentrations across the entire study. Across all years, low spore values were
observed in March and April, with the first increases seen in May, particularly in 1980,
where its median value more than doubled compared with April, before continuing to
rise (in all three years) in June. The 1979 data display a consistent rise, month on month,
before its peak in August, while 1978 has relatively similar values for both July and August.
September (in 1978 and 1979) shows the first sign of a marked decrease in concentrations,
signifying the end of the peak fungal fructification period.

In general, the months of July and August were seen to comprise the peak fungal
season over the three years. Of note is the apparent lack of a drop in fungal spore concen-
trations by the end of the study in 1979. This indicates that the main fructification periods
may stretch further into the Autumn than was monitored as part of this campaign.

Encountering large differences between years studied is not unusual. In a daily survey
of fungal spores in Morocco from 2009 to 2011, researchers found large interannual and
seasonal variations in both fungal spore types, and overall annual fungal spore concen-
trations [49]. A five-year study of fungal spore concentrations and distributions in Saclay,
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France, found extremely strong levels of interannual variation, with a 45% decrease in total
annual spore count observed between the first and second years of the study [50]. Stud-
ies that identify inter annual variations look to localized weather conditions or climactic
changes. A study by Ajouray et al. [49] noted very differing weather conditions between
years studied.

The mean peak date for Basidiospores during the three-year period was on the 30 July,
when an average of 6650 spore/m3 of air was counted across all years of the study period.
Cladosporium spores had three days with average peaks above this value, with the highest
being an average value of 8931 spore/m3 of air, reached on 29 July. Ascospores appeared to
diverge in the opposite direction to Basidiospores, with a less prominent growth in average
fungal spore numbers in the lead up to the peak fructification period. Days in the very
middle of the expected peak period for Ascospores had very low spore counts, such as 16
July, were the average of all years of the study period was only 269 spore/m3 of air for
that day.

In Figure 3, the predominant fungal spore types in Dublin for each of the three years
of the study are shown. These were identified as Alternaria, Ascospores, Basidiospores,
Botrytis, Cladosporium, Erysiphe and Rusts, which together comprise more than 98% of the
total spores identified. The total Seasonal Spore Integrals (SSIn) are composed primarily of
Cladosporium and Basidiospores, which make up between 69 and 78% of all spores counted.
Additionally, Ascospores contribute significantly towards total spore concentrations, ac-
counting for between 17 and 24% of spores counted in each of the three years.
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3.2. Meteorological Analysis
3.2.1. Correlation Coefficient Analysis

In Figure 4, a set of correlation plots are shown. These plots are used to express
whether different variables and parameters correlate with each other, how strongly they
correlate with each other, and whether the correlation found is positive or negative. The
colour of each circle indicates whether a correlation is positive or negative, with blue circles
representing a positive correlation, and red circles signifying a negative correlation between
the two intersecting parameters.

The meteorological parameters that did not correlate as strongly were removed from
the correlation plots to ensure the ease of analysis. The first observation of note from
the correlation plots, is the correlation between multiple fungal spore types and ground
minimum temperature. Each of the three years show some positive correlation, with strong
correlations seen in 1979 and 1980 (Figure 4).


