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Frequency and distribution of insect pollinated pollen in air samples of
Hirst-type volumetric pollen and spore traps in Austria from 2008 to
2017

KATHARINA BASTL 1, MAXIMILIAN BASTL 1, LUKAS DIRR1, MARKUS BERGER1,2 &
UWE BERGER 1

1Research Group Aerobiology and Pollen Information, Department of Oto-Rhino-Laryngology, Medical University of
Vienna, Vienna, Austria, 2Paracelsus Medizinische Privatuniversität, Salzburg, Austria

Abstract
Standard Hirst-type automated pollen and spore traps are used in aerobiology to assess ambient pollen concentrations with a
focus on allergenic taxa, which are wind-pollinated. The relationship of insect to wind pollinated pollen concentrations has
not been examined. We analysed the pollen data from the pollen seasons (1 April–31 August) 2008–2017 of seven pollen
traps distributed across Austria located at different elevations. The included pollen monitoring stations cover the diversity of
the countries’ landscape: from large cities to alpine areas. The data was grouped into taxa known as insect (39 taxa) and taxa
known as wind pollinated (43 taxa). We found a low occurrence of insect pollinated pollen in comparison to wind pollinated
pollen in all stations. The mean pollen concentration of insect pollinated pollen was low and ranged from 0 to 22 pollen/m3

air. Correlation coefficients showed the dependence of the results on the parameters year, station and year × station, thus
explaining the variability of the data. However, differences in abundances of insect and wind pollinated pollen concern also
the time of the year with later peaks (May–June) of insect pollinated pollen in comparison to wind pollinated pollen (April).
Insect pollinated pollen shows a different timing and quantitative aspect in comparison to wind pollinated pollen in air
samples of Hirst-type pollen traps and thus a presumed dependence on local factors. These results should be taken into
account when interpreting ancient pollen spectra to reconstruct palaeoenvironments and when monitoring recent climate
change using aerobiological archives.

Keywords: insect pollinated pollen, pollen concentrations, Hirst-type volumetric traps, air samples, outdoor air

Plants have flowers that are adapted to different
types of pollination. While angiosperm phylogeny
shows a development from insect pollination (ento-
mophily) to wind pollination (anemophily) (Faegri
& van der Pijl 1979; Reeves & Olmstead 1998;
Blattner & Kadereit 1999; Li et al. 1999; Linder
2000) the reverse is true in gymnosperms (Culley
et al. 2002). Flowers with a morphology adapted to
anemophily are commonly characterised by feathery
stigmas, long stamen filaments and the absence or
reduction of the perianth, nectaries and fragrance.
In contrast, entomophilous flowers mostly develop
simple stigmas, stigma filaments of variable length
and a showy perianth that is often equipped with

nectaries and/or fragrance (Friedman & Barrett
2009). In addition to these macroscopic floral traits
also palynological traits vary between these two pol-
lination types (Vansell & Griggs 1952).
Pollen grains of wind pollinated (anemophilous)

plants are relatively small, occur in large quantities
(high pollen to ovule ratio), rarely show prominent
ornamentation and have no or only little amounts of
pollenkitt. This eases their release from the anthers and
dispersal over long distances. Pollen of insect pollinated
(entomophilous) plants is highly variable in size, has a
lower pollen to ovule ratio, usually a more complex
pollen wall ornamentation and is covered by sticky
pollenkitt. All these properties serve for a better adher-
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ence to insects but limit the ability of the pollen to be
distributed by wind (Hesse 1981; Culley et al. 2002).
Modern aerobiology relies on the evaluation of air

samples mostly assessed with Hirst-type pollen and
spore traps (Hirst 1952) besides new tools such as
modelling and integration of symptom data. Other
techniques range from gravimetric methods such as
the Rotorod sampler (Frenz 1999) to devices with
optical recognition (Oteros et al. 2015) or laser scat-
tering with the use of fluorescence spectra (Crouzy et
al. 2016). To date, only Hirst-type pollen and spore
traps are considered as a standardised method includ-
ing the provision of minimum recommendations con-
cerning handling, preparation and evaluation of
samples (Galán et al. 2014) and including the archiv-
ing of samples relevant for clinical or climate related
studies. The results of these evaluations in routine
aerobiological work are the fundament for pollen fore-
casts, pollen calendars and aerobiological studies.
Analysts in Austria determine and count every pollen
grain that is identifiable. Most of the evaluated taxa
belong to well-known sources of pollen allergy and
wind pollinated plants, such as trees (Alnus, Corylus,
Betula), grasses (Poaceae) and weeds (Artemisia,
Ambrosia). Allergen avoidance and thus pollen fore-
casts are crucial for pollen allergy sufferers, since pol-
len allergies are a global health problem affecting the
quality of life (WAO 2013).
Beyond that, pollen archives from daily pollen con-

centrations kept in the European Pollen database
(https://www.ean-net.org/en/the-ean-database/more-
about-ean.html) can also be used for actuopalaeonto-
logical studies. Since dispersed pollen are among the
most frequent and abundant fossils in Cenozoic (the
past 66 million years) and older strata, they are one of
the most complete archives of vegetation and environ-
mental (climate) history. In order to be able to decipher
the fossil pollen and spore record, it is important to
understand how the actual vegetation of an area is
reflected in the pollen rain. Examples for such studies
range frommodern tree bark samples of India (Quamar
& Bera 2019), cotton-wool based traps in Africa (Julier
et al. 2018) to a comparison of pollen influx rates in
pollen traps, peats and lake sediments from northern
Fennoscandia (Hicks &Hyvärinen 1999). Results from
recent pollen spectra and different sample types help
understanding fossil samples without precise knowl-
edge of the surrounding vegetation. It has long been
noticed that wind-pollinated taxa are overrepresented
in pollen diagrams whereas insect-pollinated taxa are
underrepresented (e.g. Prentice 1988).
In this article we explore the relative contributions

of wind-pollinated and insect-pollinated taxa to the
pollen rain across Austria. The aims of our study are
to reveal the (1) frequency, (2) variability during the

year and (3) the variability in different biogeographic
regions of insect pollinated pollen in air samples of
Hirst-type volumetric pollen and spore traps. To
achieve this, data from seven Austrian pollen moni-
toring stations were re-evaluated during this study.
A low proportion of insect pollinated pollen com-

pared to wind pollinated pollen was assumed a priori
due to the characteristics described earlier, whereas the
variability across different biogeographic regions in
Austria was expected to be relatively low. This first in-
depth analysis of the frequency of insect pollinated
pollen in the air was performed in order to extract
further environmental information from the composi-
tion of the pollen spectrum in routine aerobiological
work.

Material and methods

Seven pollen monitoring stations were selected in
Austria to cover a wide range of different biogeo-
graphic regions, vegetation types and altitudes
(Table I). Pollen data from ten years was analysed
(2008–2017). Only for one station data was not
available for the entire period, namely for Allentsteig
(operation started only in 2011). In the following,
we briefly describe the natural conditions, vegetation
types and climatic conditions in the vicinity of the
seven included stations (Figure 1).
Allentsteig is a city in the region of Krems within

the Waldviertel (Forest Quarter) in Lower Austria.
The pollen monitoring station is situated on the
military training area Allentsteig representing the
montane vegetation belt. The surrounding area is
characterised by woods. The Waldviertel is charac-
terised by the vegetation types of silicate pine woods,
riparian forests and ravine forests with bog forests,
dry heaths and mat grasslands as peculiarities (Ricek
1982). The climate for the Bohemian Massif shows

Table I. Selected pollen monitoring stations and relevant infor-
mation including altitude above sea level and biogeographic
region within Austria.

Location
Altitude above sea

level (m) Biogeographic region

Allentsteig 596 Bohemian Massif
Linz 266 Danube valleys and pre-

alpine areas
Wien 198 Pannonian Lowlands
Klagenfurt 446 Illyrian Basins
Zell am See 764 Alpine valleys central-

south
Obergurgl 1930 Northern limestone Alps
Innsbruck 620 Alpine valleys Austria-

west
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a continental and oceanic influence and is either
warm temperate fully humid with warm summers
or boreal fully humid with warm summers depend-
ing on the elevation (Cfb or Dfb; Rubel et al. 2017).
Linz is the capital of Upper Austria and the third

largest city in Austria. The region around Linz is
characterised by riparian forests, wetland meadows,
but also dry habitats, terraced landscape, hill coun-
try and arable lands. The Danube valley and the
pre-alpine areas in Austria show several vegetation
types depending on the elevation. The lowlands are
characterised by riparian forests and meadows,
mixed deciduous forests and terrace landscapes.
The hills and pre-alpine areas are dominated by
farming landscapes such as hay meadows, dry grass-
lands and beech mixed woodland with an increasing
proportion of spruce with increasing altitude (Essl
2003). The climate for the Danube valleys and pre-
alpine areas is warm temperate fully humid with
warm summers, boreal fully humid with warm sum-
mers and boreal fully humid with cool summers with
boreal climate in the montane zones and oceanic
influence (Cfb, Dfb and Dfc; Rubel et al. 2017).
Vienna is the capital of Austria and its largest city.

It shows the lowest elevation of the selected pollen
monitoring stations. The surrounding region is char-
acterised by the Vienna basin and the lowlands
including forests, fields and steppe. The Pannonian
Lowlands are characterised by the vegetation type of
forest steppe consisting of closed oak forests, grass-
lands with dry rocky grasslands and grass steppe as
peculiarities (Willner 2013). The climate for the
Pannonian Lowlands shows a continental influence
and is warm temperate fully humid with warm sum-
mers (Cfb; Rubel et al. 2017).
Klagenfurt is the capital of Carinthia and is situ-

ated in the basin of Klagenfurt. The Illyrian basins
are characterised by mixed forests of Scots pine,

beech, sweet chestnut and oak, sessile oak forests,
oak-grove-hornbeam forests and alluvial forests
(Kilian et al. 1994). The climate for the Illyrian
basins shows a transition from Mediterranean to
continental influence and is either continental
warm temperate fully humid with warm summers
or boreal fully humid with warm summers depend-
ing on the elevation (Cfb or Dfb; Rubel et al. 2017).
Zell am See is a city in the federal state of Salz-

burg. The surrounding region is characterised by
mountains and the valleys themselves by mixed for-
ests such as oak and Scots pine forest fragments,
spruce and fir forest and partly alluvial forests
(Kilian et al. 1994). The climate for the alpine val-
leys central-south shows an alpine influence and is
warm temperate fully humid with warm summers
and boreal fully humid with cool summers depend-
ing on the altitude and alpine influence (Cfb and
Dfc; Rubel et al. 2017).
Obergurgl is a village in the Ötztal Alps in Tyrol.

This pollen monitoring station is the one with the
highest elevation in Austria and surrounded by
mountains including several glaciers. The northern
limestone Alps are characterised by mountain pines,
rocky grounds and alpine grass meadows (Greimler
1997). The climate for the northern limestone Alps
shows an alpine influence and is boreal fully humid
with cool summers and polar tundra depending on
the altitude and alpine influence (Dfc and ET;
Rubel et al. 2017).
Innsbruck is the capital of Tyrol in the west of

Austria. The region is known for a weather phenom-
enon called foehn, the Inn valley, inner alpine dry
valleys, mountains and grazing areas. The alpine
valleys Austria-west are characterised by the vegeta-
tion types of oak mixed forest, spruce and fir forest,
montane spruce forest, Scots pine forests and allu-
vial forests on wet slopes (Kilian et al. 1994). The
climate for the alpine valleys Austria-west shows an
alpine influence and is warm temperate fully humid
with warm summers with influence of boreal fully
humid with warm summers depending on the eleva-
tion (Cfb and Dfb; Rubel et al. 2017).
Pollen types evaluated and defined as insect polli-

nated are (39 in total): Aesculus, Allium, Apiaceae,
Asteraceae (Centaurea, Senecio), Boraginaceae (Phace-
lia), Brassicaceae, Campanulaceae, Caryophyllaceae,
Cornus, Ericaceae (Calluna), Fabaceae (Robinia,
Styphnolobium),Forsythia, Fraxinus ornus, Garrya, Ger-
anium, Hedera, Helianthemum, Hippophae, Hyperica-
ceae, Ilex, Impatiens, Juncaceae (Luzula), Ligustrum,
Lamiaceae, Liliaceae, Lotus, Malvaceae (Tilia), Phila-
delphus, Polygonaceae, Ranunculaceae (Thalictrum),
Rhamnus, Rosaceae (Filipendula, Potentilla, Spiraea),
Rubiaceae, Sambucus, Scrophulariaceae, Tamarix,

Figure 1. Map of Austria showing the topography (in colour:
green = lowlands to dark brown = highest elevations; in greyscale:
middle grey= lowlands to dark grey=highest elevations), country and
federal states borders and the distribution of selected pollen traps
(circles).
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Triglochin, Viscum and Vitis. The taxa included in
brackets are evaluated separately in addition to their
family.
These pollen types belong to trees (e.g. Styphno-

lobium, Aesculus, Tilia), shrubs (e.g. Philadelphus,
Tamarix, Sambucus), herbaceous plants (Phacelia,
Senecio) or to taxa that include more than one life
form (e.g. Malvaceae, Rosaceae, Rubiaceae) as well
as to evergreen (e.g. Viscum) and deciduous plants
(e.g. Fraxinus ornus). Fraxinus ornus (insect polli-
nated) can be determined and separated from Frax-
inus excelsior (wind pollinated) and was therefore
included in our investigation: the morphology of its
reticulum is different, the grain shows pori and is in
general smaller. Some of the taxa can be wind polli-
nated as well, but predominantly are insect polli-
nated (e.g. Luzula, Brassicaceae). Acer was
excluded completely from the analysis because of
Acer negundo – a wind pollinated species that occurs
frequently in Austria and cannot be separated well
enough from insect pollinated species of Acer in the
aerobiological routine by the means of light micro-
scopy. Indeterminate pollen was excluded as well
from the analysis.
Wind pollinated taxa (43 in total) comprise: Abies,

Ailanthus, Alnus, Ambrosia, Artemisia, Betula, Buxus,
Cannabaceae, Carpinus, Castanea, Cedrus, Chenopo-
diaceae, Corylus, Cupressaceae (Juniperus, Taxus),
Cyperaceae, Fagus, Fraxinus (except Fraxinus ornus),
Ginkgo, Humulus, Iva, Juglans, Larix, Mercurialis,
Morus, Olea, Ostrya, Picea, Pinus, Plantago, Platanus,
Poaceae, Populus, Quercus, Rumex, Salix, Secale, Triti-
cum, Typhaceae,Ulmus, Urticaceae,Xanthium and Zea
mays.
All pollen monitoring stations included use pollen

and spore traps of the Hirst design (Hirst 1952).
Devices operate conforming to the recommenda-
tions of the aerobiological community and thus are
usually positioned on a flat roof with no obstacle in
close vicinity of the device to ensure catchment from
all wind directions. The aerobiological samples were
evaluated following the standards of the European
Aerobiological Society and the EAN Database
(Galán et al. 2014). The beginning/end of the year
was excluded from the analysis since pollen occurs
rarely in late autumn/winter time and not all pollen
monitoring stations are active during this time per-
iod. Thus, all analyses were performed for a time
frame encompassing April to end of August.

Statistics and visualisation

The R statistical software 3.6.0 (R Core Team 2019)
was used for the performed computations and R pack-
age ggplot2 (Wickham 2016) and Rioja was used to

generate the graphs (Figures 2–5). We used descrip-
tive statistics to explore the behaviour of insect polli-
nated pollen in comparison to wind pollinated pollen.
Percentages and the mean daily pollen concentration
were calculated for each year and station (Tables II,
III). In addition, graphs (Figure 2) were computed as
line plots to show the progress of insect and wind
pollinated pollen for each year (as a mean of all sta-
tions). The square root of the sum over all stations of
insect or wind pollinated pollen was divided by the
maximum of these values. This approach was used to
represent the changes of the series over the year more
appropriately, whereas the division serves the purpose
of transforming the two series to a comparable scale. A
seven-day moving average to smoothen the curve was
applied as well. Pollen diagrams (Figures 3–5) were
computed for April to June 2015 for three selected
stations. The square root of the pollen concentrations
was used as mentioned earlier for an improved visua-
lisation with the inclusion only of taxa > 0 for the
respective station and time period.
Correlation coefficients on the differenced square

root of the sum of insect or wind pollinated pollen
were computed for each year and station to examine
a possible connection between the two series and its
variability (Table IV). It is important to analyse the
change from day to day instead of value of the day
itself in order to remove a trend in the series,
because both datasets (insect and wind pollinated
pollen) depend on a seasonal course. Therefore, the
time series were differenced to observe a possible,
underlying relationship independent from the seaso-
nal course. Pearson correlation was chosen and the
coefficients themselves were calculated.
Furthermore, we performed an analysis of var-

iance (ANOVA), which is shortly discussed, but
not presented herein as a separate table, because
the results were highly significant. The ANOVA
was performed on the square root of the values to
test the influence of the parameter year, station and
the interaction between year and station. The trans-
formation of the values was applied to produce a
closer approximation to the required normal distri-
bution. We chose this method because ANOVA is
the standard method to test the (linear) influence of
parameters on an observed variable.

Results

The concentrations of pollen from insect and wind
pollinated plants were assessed in a standardised
way (same method and time period). Pollen grains
were assigned to insect or wind pollinated taxa
before the analysis which is not a standard aerobio-
logical routine (see Materials and methods section).
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The progress of the insect pollinated pollen con-
centrations over the season was more stable than the
progress of the wind pollinated pollen concentra-
tions (Figure 2). The peak of insect pollinated pol-
len usually occurs in the months May and June,
while there is variation in April apart from a general
increase during this month. The months July and
August show a decrease and the most stable pattern
of all observed months during the years, which are
characterised by a general decrease. In addition, the

graphs evidence variation in the yearly amount as
described later, not only in the progress.
The wind pollinated pollen concentrations show a

higher variation in both amount and progress. The
months April and May are characterised by high
variation. They include the peak, which occurs ear-
lier than in insect pollinated pollen. The trend is
overall decreasing for the following months except
for a small peak during end of June/beginning of July
and an increase towards September. In sum, the

Figure 2. Line plots of all selected Austrian stations for 2008 to 2017 with insect pollinated pollen (black) and wind pollinated pollen (dark
grey) as seven-day sliding mean of the square root of the sum of the pollen concentration divided by its maximum over the observed pollen
season. Note the peaks during the middle of the season and the variation in the first third versus the stable relationship in the last third of
the time period.
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progress of the insect and the wind pollinated pollen
concentrations is different (Figure 2).
Three pollen diagrams were produced as an

exemplary case to show the variability of insect polli-
nated pollen taxa in different locations and the dom-
inance of wind pollinated pollen in general. Vienna
was selected as lowland station, Obergurgl as station
with the highest elevation and Klagenfurt as a com-
parison in between those extremes and intermediate
also in a geographic sense (Figure 1). The domina-
tion of wind pollinated pollen taxa is obvious for all
three examples (Figures 3–5). Klagenfurt shows the

domination of Aesculus, Sambucus and Tilia among
the insect pollinated pollen (Figure 3). Obergurgl
(Figure 4) recorded the lowest values in general and
is not dominated by specific insect pollinated pollen
types, but includes taxa like Luzula and Senecio not
recorded in the other comparison stations. Vienna
(Figure 5) shows the highest diversity of taxa, both
insect and wind pollinated and the importance of
Aesculus, Sambucus, Tamarix and Tilia among the
insect pollinated pollen.
The percentages of insect pollinated pollen out of all

evaluated pollen range for all selected stations from

Table II. Percentages of insect pollinated pollen per year 2008–2017 (1 April–31 August) and station. Note the consistency over the years
and certain variations per station.

Allentsteig Linz Vienna Klagenfurt Zell am See Obergurgl Innsbruck

2008 1.9 6.4 3.2 2.9 2.2 2.8
2009 3.5 12.6 1.9 3.7 2.5 3.9
2010 1.7 5.9 2.6 3.0 3.5 3.3
2011 2.1 4.7 10.2 2.9 1.4 2.4 5.3
2012 4.5 3.4 10.2 1.5 3.0 2.2 5.4
2013 3.4 3.0 11.6 2.1 1.0 2.5 2.3
2014 3.8 2.9 12.1 2.6 1.7 2.5 5.8
2015 2.7 2.5 9.4 1.9 1.5 1.7 3.1
2016 2.9 1.6 7.7 1.4 4.9 1.4 4.2
2017 1.9 2.2 8.3 0.6 3.5 1.9 4.0

Table III. Mean daily pollen concentrations of insect/wind pollinated pollen rounded to whole numbers per year 2008–2017 (1 April–31
August) and station.

Allentsteig Linz Vienna Klagenfurt Zell am See Obergurgl Innsbruck

2008 0/52 12/277 3/226 1/35 0/41 2/110
2009 3/135 22/284 2/169 1/41 1/68 1/127
2010 1/140 12/258 2/162 1/39 1/50 6/185
2011 6/287 1/92 15/219 2/410 0/42 1/49 4/164
2012 8/335 1/122 11/135 2/314 1/41 1/51 2/157
2013 7/321 1/98 15/297 2/285 0/40 1/81 2/270
2014 6/202 1/69 11/122 2/155 0/19 0/37 3/164
2015 5/197 1/135 18/246 2/406 0/32 1/68 2/279
2016 4/205 1/158 14/275 2/440 3/84 1/89 3/204
2017 2/149 2/117 17/200 1/240 3/61 1/46 2/178

Table IV. Correlation coefficients for each station and year 2008–2017 (1 April–31 August). The coefficients were calculated as
differenced square root of the sum of insect or wind pollinated pollen. All correlations are positive and all > 0 are significant.

Allentsteig Linz Vienna Klagenfurt Zell am See Obergurgl Innsbruck

2008 54.0 25.3 7.9 24.6 25.3 55.6
2009 27.3 36.2 13.5 33.6 26.7 47.8
2010 32.6 34.2 17.0 29.2 25.2 30.2
2011 28.1 34.1 38.0 7.9 34.8 21.3 50.0
2012 19.2 12.8 37.0 0.0 32.8 34.2 38.9
2013 35.3 15.2 26.1 13.9 23.1 22.0 45.0
2014 34.6 43.2 45.1 10.7 28.0 33.7 21.6
2015 31.7 40.8 47.4 26.9 25.4 16.5 3.0
2016 32.3 14.9 44.2 21.0 41.0 21.9 22.7
2017 25.0 27.3 25.3 7.3 66.3 37.4 31.5
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0.6 (2017 Klagenfurt) up to 12.1 (2014 Vienna),
whereas they range per station from 1.9–4.5 (Allent-
steig), 1.6–4.7 (Linz), 5.9–12.1 (Vienna), 0.6–3.2
(Klagenfurt), 1.0–4.9 (Zell am See), 1.4–3.5 (Ober-
gurgl) and 2.3–5.8 (Innsbruck; Table II). A rather low
percentage up to around 6% was found to be the
general pattern for all stations except for Vienna. The
station Vienna starts at a rather high percentage and
reaches up to around 12%. The lowest range and
percentages are observed for Klagenfurt. In addition,
a yearly variation can be observed. This variation exhi-
bits no clear pattern for all stations, e.g. the peak year
per station and the increase/decrease trend do not
occur in parallel for all stations. There seems to be
no trend/relationship concerning the sea level and the
percentage of insect pollinated pollen, since the per-
centages, e.g. from a high elevated site like Obergurgl
(1930 m) are well comparable to those of a low ele-
vated site like Linz (266 m).
The mean daily pollen concentrations of insect ver-

sus wind pollinated pollen (Table III) illustrates the
quantitative aspect: Insect pollinated pollen occurs in
low daily amounts ranging from zero to a maximum
mean daily pollen concentration of 22 in the samples
examined herein. The highest values occur again for
Vienna (11–22), followed by Allentsteig (2–8),
Innsbruck (1–6), Klagenfurt (1–3), Linz as well as
Zell am See (0–3) and Obergurgl (0–1). It should be
noted, that these values are a mean and that there is a
seasonal progress in the increase/decrease of insect
pollinated pollen concentrations (Figure 2).
The correlation coefficients were calculated per year

and station separately and result in significant positive
values for nearly all instances (Table IV). Variation is
observed between different years of the same station
and between stations as illustrated by the respective
ranges. Highest correlation coefficients were found for
Zell am See (23.1–66.3), followed by Innsbruck (3.0–
55.6), Linz (12.8–54.0), Vienna (25.3–47.4), Ober-
gurgl (16.5–37.4), Allentsteig (19.2–35.3) and Kla-
genfurt (0.0–26.9). There seems to be no common
trend or pattern for all stations or years in contrast to
the results from the percentages (Table II). This
means there is no parallel increase/decrease pattern
for certain years or a station specific behaviour. How-
ever, the coefficients do indicate a significant depen-
dence on the station and the year.
The results of the ANOVA gave highly significant

p-values for all three parameters (values below
0.001). The ANOVA thus indicates that there is a
strong influence of the year, station and year × sta-
tion on the amount of insect pollinated pollen and
adds to the results of the variability (as seen in the
seasonality and year in Figure 2 and in the station
and yearly differences in Tables II, IV).

Discussion

Considerable variation is observed for the first part of
the season for wind pollinated pollen concentrations in
Figure 2. This corresponds to the variable intense
flowering of trees during this time period such as
Betula, Quercus and Fagus (see also Figure 5). All of
them are widely distributed in Austria, wind-polli-
nated and capable of producing high pollen concen-
trations. Particularly Betula is known for a highly
variable yearly pollen production and a high total
amount of pollen in general: a less intense year may
result in a seasonal pollen index of 3487 (2017
Vienna) and an intense year reaches values of 9233
(2016 Vienna; taken from Bastl et al. 2018). The
flowering of these trees is responsible for the peak of
wind pollinated pollen during April, whereas the peak
of insect pollinated pollen occurs later. Major contri-
butors of insect pollinated pollen are Aesculus, Sambu-
cus, and depending on the location also Rosaceae,
Brassicaceae and Tilia (Figures 3–5).
The increase of wind pollinated pollen in the end

of August is not unexpected. This phenomenon is
linked to the full flowering of Ambrosia. Long dis-
tance pollen transport plays a significant role in
Austria and adds to the pollen concentrations deriv-
ing from the local flowering. The pollen season
would be coming to an end during this time, if the
late bloomer Ambrosia would not have been intro-
duced to Austria. Ambrosia is a significant source of
wind-pollinated pollen during late summer/autumn
and may burden concerned pollen allergy sufferers
until October.
Comparing these results to the actual vegetation

in the vicinity of the selected pollen traps (Figure 1;
for a description of the predominating vegetation
types for each sample locality see Material and
methods section) the following patterns become
apparent: Wind pollinated pollen is overrepresented,
while insect pollinated pollen is underrepresented.
The surrounding vegetation is reflected in the pollen
spectrum, but biased. This is best illustrated by
pollen trap specific signals (e.g. Tilia in Vienna,
discussed in the following). Moreover, it appears
from our results that different climatic influences
do not alter the ratios of insect to wind pollinated
pollen, although our sample is too limited to allow a
general conclusion on this aspect.

It is noteworthy that Vienna shows higher percen-
tages and higher daily mean pollen concentrations
(Tables II, III) for insect pollinated pollen than all
other stations. We can attribute this finding to the
local situation of the pollen trap in Vienna. The
station is placed in the suburbs and Tilia is planted
next to the building that hosts the pollen trap on its
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roof. Therefore, Tilia pollen has a strong local
impact, which was already observed for outdoor
soil samples from the same area (Bastl et al. 2019)
as well as for indoor dust samples from the same
building (Bastl et al. 2017). The influence of local
conditions can also account for differences in pollen
concentrations in soil and air samples. For example,
Bastl et al. (2019) observed higher frequency of Acer
pollen in soil than in air samples as a result of
accumulation of withered flowers.
It should be noted that the attribution of a pollen type

to the local or regional flora is not always clear: This was
illustrated by Van Zeist et al. (1975) by the description
of a peak of insect pollinated Asteroideae and Cichor-
ioideae. The increased occurrence of Asteraceae pollen
might just be taken as part of a typical steppe signal. In
fact, Van Zeist et al. (1975) suggested that it indicated
the temporal exposure of a lake shore. In contrast, the
steppe signal would not have that high concentrations
of Asteroideae and Cichorioideae pollen and different
overall pollen composition of the pollen diagram. In this
latter case, the same insect pollinated pollenwould have
been of a different origin further away from the lake.
Taxa being insect pollinated are not expected to dom-
inate a pollen sample if they are part of the hinterland (i.
e. the steppe vegetation). However, they may dominate
if they are growing very locally (as seen also herein for
Tilia in Vienna).
Certain characteristics such as the production of pol-

len in high quantities (Hesse 1981; Culley et al. 2002)
predetermine wind pollinated pollen as a more likely
cause of pollen allergies in comparison to insect polli-
nated pollen. However, it is important to record all
identifiable pollen, because allergies to insect pollinated
plants such as Solidago (de Jong et al. 2007) and the
Asteraceae (Feinberg 1934) were reported and the
allergic response to ornamental plants is increasing
(Goldberg et al. 1998).
Modern aerobiological studies are important,

because they aid in the interpretation of historical pollen
archives ranging from the past decades to millions of
years. To name a few concrete and recent insights:
Within a forest–savannah transition in west Africa a
Poaceae abundance of more than 40% has been con-
sidered as indicative of a savannah-type vegetation
(Julier et al. 2018). Another modern pollen-rain study
revealed that considerable pollen producers such as teak
with a dominant frequency (80–95% of the total forest
constituents) may still result in a low recorded fre-
quency in pollen diagrams due to entogamy (Quamar
& Bera 2014) and thus introduce a substantial bias to
pollen diagrams. In contrast, a complex mangrove
environment in eastern India is well reflected in the
pollen record and useful for the interpretation of the
palaeoenvironment and palaeoecology of tropical

marshes and similar environments (Pandey&Minckley
2019). Thus, the results presented herein deriving from
air samples are also relevant to other disciplines than
aerobiology such as, e.g. palaeoecology, archeology or
forensic sciences.
The present study is the first study to our knowl-

edge that evaluates the relationship between insect
and wind pollinated pollen in air samples of the
Hirst-trap design and documents the dominance of
wind pollinated pollen and variability of taxa in
recent pollen rain (Figures 3–5). Outdoor soil and
air samples assessed with the pollen trap in Vienna
record similar signals during the pollen season and
the impact of local vegetation (Bastl et al. 2019).

Conclusions

The evaluation of insect pollinated pollen in compar-
ison to wind pollinated pollen focusing on the progress
during the season and the quantitative aspects indicate
(1) different seasonal occurrence of insect and wind
pollinated pollen concerning progress and peaks, (2)
low quantities of insect pollinated pollen in comparison
to wind pollinated pollen with daily means between 0
and 22 pollen/m3 air or 0.6–12.1% of wind pollinated
pollen and (3) a significant dependence on the station,
year and station × year.
Insect pollinated pollen accounts for a small frac-

tion in air samples attained by Hirst-type traps
usually used in aerobiology but may give some use-
ful indication concerning the relationship of insect
and wind pollinated pollen in general and should be
evaluated in the aerobiological routine, since pollen
allergies may be caused also by insect pollinated
pollen and results are an important source of recent
comparisons to other fields of study.
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