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Abstract The objective of this study was to analyse
the dynamics of the Alnus and Corylus pollen seasons
in Poland with reference to spatial and seasonal
differentiation. Aerobiological monitoring was per-
formed in 10 cities, in 1994-2007. Five characteris-
tics defining the pollen season were considered: 1.
beginning and end dates of the season phases (5, 25,
50, 75, 95% of annual totals), 2. pollen season
duration (90% method), 3. skewness and 4. kurtosis
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of airborne pollen curves, and 5. annual pollen totals.
The beginning of the Corylus pollen season in
Warsaw started on the 53rd day of a year. The Alnus
pollen season started 9.5 days (SE = 1.4) later. The
start of the season for both taxa was delayed by 3.3
(SE = 0.5) days for each 100 km towards the east.
The Corylus pollen season lasted about 15 days
longer than the Alnus season. Season duration for
both taxa decreased towards the east by 3.5 days
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(SE =0.7) and towards the north by 1.3 days
(SE = 0.6) for each 100 km. Seasonal dynamics of
both taxa are skewed to the right. In cities located
west of Warsaw the dynamics are more skewed
(except at Szczecin, Wroclaw). Asymmetry decreases
towards the east by 0.16/100 km. Almost all kurtosis
values of pollen-season dynamics were positive and
higher for Alnus. Kurtosis values for both taxa
increase together with delay of the pollen season
beginning by 4% per day (p < 0.0001). Mean pollen
total increases: for Corylus mainly towards the north
(by 64%/100 km), for Alnus mainly towards the west
(by 15%/100 km). Geographical location (longitude
and latitude) determines: the start and duration of the
pollen season, skewness of the pollen curve, and
annual totals.

Keywords Alnus - Corylus - Pollen season -
Spatial variation - Mixed models - Poland

1 Introduction

Pollen seasons are regarded as indicators of plant
phenology, ecology, and climate variability (Ben-
ninghoff 1991; Newnham 1999; Jato et al. 2002;
Rodriguez-Rajo et al. 2004; Emberlin et al. 2007a).
The concentration of plant pollen in the air depends
on vegetative cover, plant biology, weather condi-
tions which result from geographic locality, and
geomorphology (Hyde 1959; Emberlin et al. 1994,
2000; Valencia-Barrera et al. 2001; Kornas and
Medwecka-Korna§ 2002; Reese and Liu 2005).
Aerobiology deals with these relationships and also
estimates the effect of spatial pattern on the dynamics
of pollen seasons (Emberlin et al. 1994; Weryszko-
Chmielewska et al. 2001; Garcia-Mozo et al. 2006).
Valencia-Barrera et al. (2001) verified the hypothesis
that pollen-season dynamics at different geographic
and climatic points at the same latitude should be
comparable. Such regularities with regard to the
spatial pattern in forecast models could affect the
efficiency of pollen season forecasts.

Knowledge of the geographic distribution of
allergenic plants in a given area and knowledge of
whether there is the relationship between the geo-
graphical locality and the dynamics of pollen seasons
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are of great importance in different disciplines, for
example biogeography, ecology, meteorology, and
medicine (Estrella et al. 2006).

It has been stated that in Northern and Central
Europe the pollen seasons of trees flowering in early
spring, for example Alnus, Corylus and Betula, are
characterized by clear variability in consecutive years
(Spieksma et al. 1995; Jiger et al. 1996; Frei 1998;
Emberlin et al. 2007b; Smith et al. 2007).

According to many authors the air temperature in
the period preceding plant pollination substantially
affects the start of the Corylus and Alnus pollen
seasons (Frenguelli et al. 1991, 1992; Frei 1998;
Rodriguez-Rajo et al. 2004, 2006; Emberlin et al.
2007a). In Poland mean temperature in January and
February decreases towards the east which is asso-
ciated with a delay of thermal early spring dates
(Lorenc 2005). For this reason Corylus and Alnus
pollen seasons could be regarded as good models for
verifying the hypothesis that variability of particular
conditions during the Corylus and Alnus pollen
seasons depends on geographical location.

In Poland three species of Alnus occur: A. glutinosa
(L.) Gaertn., A. incana (L.) Moench, and A. viridis
(Chaix) DC. Alnus is a member of the Carr forests
which are regarded as related not to defined plant
zones but rather to specific environments and
wet alder woods. A. glutinosa occurs commonly
along waterflows throughout the whole country,
although as a specific lowland species occurs mainly
on the Northern and Central lowlands of Poland.
A. incana occurs in coniferous and mixed deciduous
forests on the Southern and Central lowlands of
Poland and in the lower montane forest zone up to
1,100 m a.s.l. A. viridis is known only in south-
eastern Poland, in the Bieszczady mountains. Corylus
occurs commonly throughout the country as one
species only, C. avellana (L.), (Zajac and Zajac
2001).

In Poland comparative analyses of Corylus and
Alnus pollen seasons at different monitoring sites
have been undertaken on the basis of short studies
(2-5 years), (Weryszko-Chmielewska et al. 2001;
Kasprzyk et al. 2004). However, there is no compre-
hensive analysis of long-lasting spatial variability of
Corylus and Alnus pollen-season dynamics over the
whole country.

The objective of this paper is analysis of Corylus
and Alnus pollen-season dynamics in Poland, on the
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basis of many years’ observations, with reference to
seasonal and geographical differentiation.

2 Materials and methods
2.1 Aerobiological analyses

The studies were performed in 10 cities in Poland in
1994-2007 (Fig. 1). Data about the localities and
climate are given in Table 1. The volumetric method
with a Hirst-type trap (Lanzoni s.r.]., Burkard) was
used in pollen monitoring. The trap worked continu-
ously taking samples of airborne particles with a flow
rate of 10 L min~". The particles adhered to Melinex
adhesive tape wrapped around the moving drum.
Pollen grains were stained with basic fuchsin or
safranin. Every week the Melinex tape was cut into
seven segments corresponding to 24-h periods. For
microscopical pollen grain identification the atlas of
Moore et al. (1991) was used as reference book.
Twelve vertical lines or four horizontal lines on each
slide were analysed. Results were expressed as the
number of pollen grains per cubic metre of air sampled,
averaged over 24 h. In most cities the traps were
installed at heights recommended by the IAA
(15-25 m above ground level), (Galan Soldevilla
1998).
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Fig. 1 Study sites locality map. Geographical location of the
cities is given as their distance (km) from Warszawa (along
latitudes and longitudes)

2.2 Statistical analysis

Generally 184 pollen seasons were analysed, compris-
ing 94 Alnus pollen seasons and 90 Corylus pollen
seasons. Five season charcteristics were studied (dates
of the pollen-season phases, duration of pollen season,
skewness and kurtosis of pollen curve, annual pollen
totals). The abbreviations used in the models were:

A—Tlongitude (distance between a given site and
Warszawa in km along longitude)

O—Iatitude (distance between a given site and
Warszawa in km along latitude)

tax—taxon (Corylus and Alnus)

per—percentile dividing the pollen season into five
phases (5 per, 25 per, 50 per (median), 75 per, 95 per)
st—pollen season start (day when the number of
pollen grains reached 5 per)

year—one of the 14 seasons (this variable was
considered as a random variable)

2.2.1 Dates of the pollen-season phases

The dates of consecutive phases of the pollen season
were defined as the day of a year when the
cumulative number of pollen grains reached a defined
percentage of pollen grains sum in a given year: the
season start (5%), second phase (25%), third phase
(50%), fourth phase (75%), and season end (95%).

model : date = A + ® + tax + per + A * per
+ @ * per + tax * per + year + year * tax + error

It was accepted that the error distribution was the
normal distribution with zero mean and estimated
variance. It was also accepted that variance of random
factors (years and year*taxon) is specific for a given
percentile (heteroskedastic model). Mean data pre-
sented in Fig. 2 were calculated according to the model
in which geographical co-ordinates were replaced by
the city name.

2.2.2 Duration of pollen season

To calculate the duration of the pollen season the 90%
method was applied (the start of the season was the date
when 5% of the seasonal cumulative pollen grain count
was reached and the end of the season was the date
when 95% of the seasonal cumulative pollen grain
count was reached).
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Table 1 Data about the localities, climate, and type of vegetative cover of the study sites

Study site Coordinates Altitude Mean temperature Climate Type of biotope and Pollen seasons of
(city) a.s.l. vegetation surrounding  Alnus and Corylus
Annual January February the city
Szczecin  53°26'N, 52 8.4 —-1.1 —0.3 Temperate, the City agglomeration 2003-2007
14°33'E effect of surrounded by forests
maritime polar (north, south, and east)
air from the and forest parks
Atlantic Ocean, (north-west)
frequent clouds
Wroctaw ~ 51°06'N, 105-155 9.0 -04 03 Temperate and City agglomeration 2003-2007
17°01'E moderate, a surrounded by
combination of farmland (east and
oceanic and south) and forests
continental (north and west)
effects
Poznan 52°24'N, 65-92 9.2 -0.9 0.5 Temperate, City agglomeration 1996-2007
16°53'E transition surrounded by forests
between Atlantic ~ (north and south) and
Ocean and farmlands (east and
continental west)
effects
Gdansk 54°22'N, 13 8.6 0.1 —-0.4 Effect of polar— Large city 19942007
18°38'E oceanic masses agglomeration
of air surrounded by forests
and farmlands
Sosnowiec 50°17'N, 263 9.0 -12 07 Temperate and City agglomeration 1997-2007
19°08'E moderate, a surrounded by forests
combination of (north and east).
oceanic and Anthropogenic forests
continental
effects
Lodz 51°47'N, 150 7.6 —-1.9 -0.7 Temperate and City agglomeration, 2003-2007
19°28'E moderate more than 30 parks,
the largest area of
woodland (1,200 ha)
within a Polish city
(north) which is a part
of the £.6dz Hills
scenic park
Warszawa 55°17'N, 114 7.0 -2.0 -25 Temperate and Large city 1995-2007, except
20°57'E moderate agglomeration 1996 and 1997
surrounded by forests
Krakow 50°04'N, 220 8.7 —2.1 -0.9 Temperate, City agglomeration 1995-2007
19°59E changeable surrounded by
weather, farmlands (north) and
greenhouse forests (east and west)
effect
Rzeszow  50°01'N, 200-215 8.6 2.3 0.6 Temperate and City agglomeration 1997-2006
22°02'E moderate surrounded mainly by
farmlands and crop
fields
Lublin 51°14'N, 197 8.2 —-19 0.2 Effect of City agglomeration 2001-2007
22°32'E continental surrounded by

masses of air

farmlands and forests
(south and south-west)
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model : season duration
= A+ @ + tax + st + year + year * tax + error

In this model the independent estimation of residual
variance for both taxa was assumed.

2.2.3 Skewness of the pollen curve

The formula used was:
nxMs/[(n—1) % (n—2) % 0]

where M; = X (x; — mean,)’, ¢° is the standard
deviation, and n is the annual total pollen. It was
observed that the skewness variability increased
exponentially with delay of the season start. In the
above equation, therefore, the error value is given as
the normal distribution N(0, 2>kexp(c*st)), where c¢ is
the factor of homoskedasticity increase. Mean data
presented in Fig. 6 were calculated according to the
model in which geographical co-ordinates were
replaced by the city name and the season start was
ignored, although the heteroscedastic model was
included.

2.2.4 Kurtosis of the pollen curve

The formula used was:
[nx(n+1)x«My—3xMyxMy(n—1)]
/[(n—l)*(n—3)*a4],

where M; = X(x; — mean, ), o* is the standard devi-
ation, and #n is the annual pollen total

model : kurtosis
= A+ @ + tax + exp(st) + year + error

It was accepted that the effect of season start date on
kurtosis value was non-linear. The heteroscedastic
model was adapted from the above-mentioned model.

2.2.5 Annual pollen totals

The annual pollen total is a sum of the daily pollen
concentration values.

Model : In of pollen total = 1 + ® + year

This model was calculated separately for Corylus and
Alnus, assuming that the number of pollen grains was
given as the Poisson distribution. The effect of season

@ Springer



214

Aerobiologia (2010) 26:209-221

start date on seasonal pollen-grain number was
analysed by use of two models (for Corylus and
Alnus, respectively):

In of pollen total = A + ® + st 4 st> + 1% st + A
# st? + @ % st + @ x st + year

and
In of pollen total = A + @ + st + 1 * st + st + year

It was accepted that expected values were presented
with 95% confidence intervals (CI). Statistical anal-
ysis was performed by use of SAS software and the
MIXED and NLMIXED procedures (Littell et al.
2006).

3 Results

In Warszawa the Corylus pollen season start was on
the 53rd day of the year (14 March). The start of the
Alnus season occurred about 9.5 days later
(SE = 1.4). The date of the season start for both
taxa was delayed by 3.3 days (SE = 0.5 day) for
each 100 km eastward (Figs. 2, 3).

In the next phases of the season (25, 50, 75, and 95
percentiles) the importance of longitude gradient
disappeared (Fig. 2). The date of the season start
could fluctuate by two and a half months whereas the
date of the season end fluctuated by about a month
and a half only (Table 2).

Delay (days 100 km of longitude)

perd 05 perD,25 per0,5 per0,75 per0 95
Phases of the season

Fig. 3 The relationship between the longitude and the dates of
the season phases
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Table 2 Variability of the pollen-season phases

Phase of the Year
season (percentile) variance (SEE)

Year*taxon
variance (SEE)

0.05 368.6 (155.6) 34.8 (18.5)
0.25 221.3 (100.3) 45.4 (23.6)
0.50 170.0 (70.9) 4.9 (1.5)
0.75 145.6 (60.9) 0

0.95 122.2 (51.8) 0

The duration of the Alnus pollen season in
Warszawa was about 25 days (Fig. 4). Generally in
Polish cities Corylus pollen seasons were about
15 days longer (t130 = 5.22; p < 0.0001). The dura-
tion of the seasons decreased by about 3.5 days
(SE = 0.7) for every 100 km move to the east of
Warszawa. Change of latitude by 100 km to the north
was accompanied by reduction of the season by
1.3 days (SE = 0.6).

Duration of the seasons changed according to a
calendar year (variance of this factor is 136
(SE = 59)). It seems that the duration of the pollen
season is more variable for Corylus than for Alnus
(residual variance for Corylus is 135 (SE = 29), for
Alnus it is 87 (SE = 15)). The difference between the
duration of the seasons resulting from geographical
gradients and taxonomical positions disappears if the
dates of the season starts are incorporated in the
model (Fig. 5). Such a statistical model indicates that
delay of the beginning of the pollen season by one

50
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Duration of the season (0.95per - 0.05per) (days)

= Alnus
10 = Corylus
Szczecin Poznan Sosnowiec Warszawa Rzeszdw
Wroclaw Gdarnsk Lodz Krakow Lublin

Fig. 4 The duration of the Alnus and Corylus pollen seasons
in ten cites in Poland in 1994-2007. The cities on the X axis are
arranged according to longitude
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Fig. 5 The relationship
between the duration (days)
of the season and the start
date of the season (0.05 per)
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day causes reduction of this season by 0.8 days
(t;p = 14.07; p < 0.0001).

The dynamics of pollen seasons of both taxa are
largely skewed to the right. The course of the Alnus
pollen season is more skewed to the right (0.81; CI:
0.20-1.40) than the course of the Corylus pollen
season (0.21; CI: —0.338-0.81), (t;, = 2.339; p =
0.0340), (Fig. 6).

taccan
F Akus
3 T Corylus

Skewness
- i
A

Wiockaw Glarisk Lodi Krakw Luslin

Fig. 6 The skewness of the pollen concentration curves in ten
cites in Poland in 1994-2007. The cities on the X axis are
arranged according to longitude

40 50 G0 70 80 a0 100 110

Start of the season (0.05pen)

The expected value of Alnus dynamics skewness,
calculated on the basis of the statistical model which
includes the season start date and geographical position
of the studied site, is 0.86 (95%CI: 0.11; 1.61). For
Corylus the value (0.17; 95% CI. —0.53; 0.88) is
smaller (t,5 = 1.87; p = 0.0739). The ten-day-later
start of the season affects the increase in skewness by
0.09 units (t146 = 0.97; p = 0.3331). If we compare
those two taxa taking into consideration the fact that
the Alnus pollen season starts later than the Corylus
pollen season, the asymmetry differences disappear.
The delay of the season start affects skewness factor
variability. For a delay of the season start by one day
the residual variance increases 1.045 times (SE =
1.006; Z = 7.82; p < 0.001). The variability of the
season skewness depends on the year studied. The
variance value is 0.74 (SE =0.4; Z=1.86; p =
0.0314). Skewness of the pollen season depends on
longitude (Fig. 7). In cities located to the west of
Warszawa the course of the pollen seasons is more
skewed to the right (except for Szczecin and Wroctaw).
Skewness decreases towards the east by 0.16 (95% CI:
—0.32; 0.003) units for each 100 km.

Almost all pollen seasons are characterized by
positive values of kurtosis (Fig. 8). Kurtosis values
calculated for Alnus pollen are greater by 14.5 (95%
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Fig. 8 The kurtosis of the pollen concentration curves in ten
cites in 1994-2007. The cities on the X axis are arranged
according to longitude

CI: 5.2; 23.7) units than those for Corylus pollen.
Statistical analysis did not reveal an effect of
geographical position on the kurtosis value (longi-
tude t;5 = 0.17; p = 0.8660, latitude #;3 = 0.08; p =
09403).

The kurtosis value increases exponentially with
delay of the season start (Fig.9). Differences
between season starts result in differences between
kurtosis for both taxa. If the pollen seasons of
Corylus and Alnus start simultaneously, the differ-
ences between kurtosis will be 2.9 (95% CI: 1.2; 4.9).
The date of the season start has a substantial effect on
the variability of kurtosis. A one-day delay of the
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start pollen seasons in Alnus and Corylus in Warszawa

season start causes the increase in residual variance
by 6.6% (Fig. 9).

The two taxa studied differ with regard to two
characteristics of the pollen seasons—annual pollen
totals and direction of spatial gradient. The annual
total of Alnus pollen grains is several times greater
than the annual total of Corylus pollen grains.

For Corylus the annual pollen total increases
mainly towards the north (each 100 km towards the
north is accompanied by an increase in the number of
pollen grains by 64% (t;5 = 223; p = 0.0001). To
some extent pollen total increases towards the east
also, 2% for each 100 km (#;5 = 6.57; p < 0.0001),
(Fig. 10). For Alnus the direction from the east to the
west is a dominant and vertical gradient. The pollen
concentration decreases by 15% for each 100 km
towards the east (t;3 = 103.15; p < 0.0001).

4 Discussion

One of the most important objectives of aerobiolog-
ical studies is to analyse variability of occurrence of
consecutive pollen-season phases, especially the
season start. Results of these studies are useful for
agriculture, ecology, and allergology to define a
threshold value of pollen allergens in patients (Frenz
2000; Garcia-Mozo et al. 2002; Vazquez et al. 2003;
Orlandi et al. 2006).

Studies performed in other European countries
indicate that differences between the starts of the
pollen seasons of Alnus and Corylus in consecutive
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years can range from two weeks to a month and a half
(Weryszko-Chmielewska et al. 2001; Kasprzyk et al.
2004; Piotrowska 2004; Piotrowicz and Myszkowska
2006; Emberlin et al. 2007a; Smith et al. 2007). This
difference between pollen-season start dates can be
explained as the effect of meteorological conditions,
especially air temperature, in the period preceding the
pollen season (Frenguelli et al. 1991; Frei 1998;
Rodriguez-Rajo et al. 2004). In Poland, thermal
conditions at the beginning of a year vary substan-
tially; this results in variability of season starts and
difficulty of forecasting for the coming year.

The earlier start of the pollen season in the western
part of Poland could be associated with typical
distribution of January and February isotherms and
calendar early spring dates (Lorenc 2005). Mean
temperatures in January and February decrease by
about 4°C from the west to the east. Dates of thermal
early spring are different, e.g. the 20th January in the
western part of Poland and the 15th of March in the
eastern part of Poland, which proves our hypothesis
about the direction of pollen-season start variability.

The spatial relationship results reported in our
paper agree with those of Weryszko-Chmielewska
et al. (2001). Evaluation of the course of the pollen
seasons in Szczecin, Warszawa, and Lublin reveals

longitude (km from Warszawa)

there is a relationship between geographical location
and the start of the season. In Szczecin the Corylus
pollen season started about 2—-3 weeks earlier than in
Lublin and the Alnus pollen season 1 week earlier.

Smith et al. (2007), investigating the relationship
between the geographical position of sites located far
away from each other and the beginning of the Alnus
pollen seasons in 1996-2005, stated that pollen
seasons started earlier in Worcester (England) (approx.
30th day of a year) than in Poznan (Poland), (approx.
39th day of a year). In the Mediterranean region the
variability of Alnus pollen seasons is smaller. This
resulted from greater stability of thermal conditions
before the pollen season and from the occurrence of
only one species of Alnus (A. glutinosa). Studies
performed in Spain and Italy showed that the start of
the season could differ by about two weeks among sites
(Jato et al. 2000; Rodriguez-Rajo et al. 2004).

Kasprzyk et al. (2004), studying the dynamics of
pollen seasons in 1995-1996 along a south—north
transect in Poland, stated that there is the relationship
between the latitude of the studied site and the start of
the pollen season. It was also stated that the Alnus and
Corylus pollen seasons started earliest in Poznan and
latest in Gdansk and that for Corylus the differences
were clearer.
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Newnham (1999), analysing the pollen seasons of
grasses in eight sites in New Zealand, reported the
occurrence of a statistically significant correlation
between the start of the pollen season and maximum
concentration, and latitude. Disappearance of the
effect of the latitude gradient during the pollen season
is evidence of some regularity in the occurrence of
the final phase of the season. The date of the season
was characterized by low variability. On the basis of
this variability the end of the season could be
predicted. We did not observe any extension of the
final phase. However, it was not supported in
mountain sites (Zakopane, Rabka) where the
extended final phase was accepted as the effect of
redeposition and long-distance transport (Kasprzyk
et al. 2004). The 90% method used in this paper to
define the duration of the pollen season excluded
single pollen grains observed when the pollen season
was over. It was also found that in Poland Corylus
pollen occurred in the air earlier than Alnus pollen,
which was consistent with results given for Worcester
(England) (Emberlin et al. 2007b).

The earlier start of the pollen season in the western
part of Poland was indicative of reduction of the
duration of the season according to longitude. The
important finding is that the delay of the season start
reduced its duration. This could result from plant vital
functions and physiological processes associated with
elongation of the day and the relative amount of
sunshine (Kopcewicz 2007). These results are very
important for predicting the end of the pollen season
and the occurrence of allergic symptoms in patients.

Piotrowska (2004) found that the duration of the
Alnus and Corylus pollen seasons in Lublin (Poland)
and in Skien (Norway) was similar (5-6 weeks).
Kasprzyk et al. (2004) reported slight differences in
the duration of the Corylus pollen season at sites
situated along a south-north transect whereas for
Alnus there were no differences. Results obtained by
Weryszko-Chmielewska et al. (2001) have shown
that the longest Corylus pollen season was noted in
Szczecin, and the shortest Alnus pollen season in
Warszawa. According to the results for Worcester the
Alnus seasons were shorter than the Corylus seasons
(15 and 26 days respectively), (Emberlin et al.
2007b). In Ourense (Spain) the Corylus pollen season
was longer, by 10 days, than the Alnus season
(Rodriguez-Rajo et al. 2004); in Zagreb (Croatia) it
was longer by 52 days (Peternel et al. 2007).

@ Springer

The shape of a pollen curve results from plant
biology. Early spring trees respond to any increase in
temperature by flowering and releasing pollen. Pollen
seasons then last for a few days (Suszka 1980; Faegri
and Iversen 1989; Weryszko-Chmielewska and
Piotrowska 2007). After the seasonal concentration
peak, pollen concentration decreases gradually (right-
skewed asymmetry) which could be associated with
pollen transport in the air (including long-distance
transport) and redeposition (Szczepanek 2003). The
length of time of pollen-grain occurrence in the
atmosphere depends on its size and weight, and on
weather conditions. The size of both the studied taxa
pollen grains is similar (mean weight of one pollen
grain is 9.37 mug for Alnus glutinosa and 9.45 mpg
for Corylus avellana; Dyakowska 1959). It was found
that one of the longest-occurring pollen grains in
the air was that of Alnus pollen (about 410 s)
(Dyakowska 1959; Faegri and Iversen 1989). More-
over, Alnus released pollen gradually from consecutive
inflorescences which caused gradual disappearance of
the pollen after the concentration peak (Szczepanek
2003). Therefore the Alnus pollen curve was strongly
skewed to the right, as reported in this paper.

The significant relationship between skewness and
both longitude and season start found here was
probably associated with higher temperature in the
thermal early spring and the spring in the western part
of Poland (Lorenc 2005). Similar results were
obtained by Tedeschini et al. (2006), who compared
skewness values of Platanus pollen curves in chilly
and warm years.

The kurtosis value correctly describes the process
whereby pollen reaches its maximum daily concen-
tration. In our study all kurtosis values were positive
and higher for Alnus, which means that Alnus pollen
reached its maximum concentration more quickly.
This involved the occurrence of shorter pollen
seasons with higher annual concentrations.

The lack of a significant relationship between
kurtosis and geographical position indicated that
reaching of maximum concentration values depended
on taxon rather than on various weather conditions
occurring in the different regions (Tedeschini et al.
2006). Delay of the start of the pollen season for both
taxa caused reduction of season duration and an
increase in the kurtosis value. Pollen of the studied
plants reached maximum concentration faster, irre-
spective of geographical position.
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Alnus and Corylus, as anemophilous plants, pro-
duce a large amount of pollen (Szczepanek 2003).
However, comparison of their annual totals reveals
values were higher for Alnus. Piotrowska (2008)
reported that Alnus inflorescences contained more
flowers and produced approximately twice as much
pollen as Corylus inflorescences. Alnus inflorescences
are flabby and exposed to the action of the wind,
which favours pollen release and distribution. Pollen
concentration in a given season depends on many
factors (weather conditions in the current and
preceding years, season start, plant vital functions,
taxon, and vegetative cover in the studied area).
Pollen concentration varies substantially, depending
on calendar year (Spieksma et al. 1995; Jato et al.
2002).

Some authors have indicated the alternate occur-
rence of high and low concentrations in consecutive
years for Alnus (Pidek 2007); however, we did not
observe such a relationship. To find the relationship
between annual totals and a geographical position
was difficult, although we succeeded in finding the
relationship between annual totals and longitude and
latitude. The strongest relationship was found for
Corylus, and north was the dominant direction. This
did not result directly from the distribution of Corylus
sites in Poland. The effect of Alnus site numbers on
the curve shape of the expected pollen-grain number
was also not univocal. It could be suggested that
long-distance transport and the dominant wind
direction (western wind) resulted in the higher
concentration of Alnus pollen in the north-eastern
region of Poland.

5 Conclusions

1. The duration of the pollen season of both studied
taxa in Poland statistically depended on longi-
tude and latitude, whereas dates of consecutive
season phases and the skewness of the pollen
curve depended on longitude only. Annual total
of pollen grains depended also on longitude and
latitude, although there are different patterns for
Corylus (annual totals increase in the northern
direction) and Alnus (annual totals increase in the
eastern direction).

2. The variability gradient of charcteristics defining
the pollen season, which were significantly
dependent on longitude, was concurrent with
the shape of temperature isolines in January and
February in Poland, and with the start of the
thermal early spring.

3. Factors which modify the effect of geographical
position on pollen-season dynamics include year
and taxon. Significant dependence on geograph-
ical position was found for pollen phases, season
duration, skewness, kurtosis, and annual totals.
Delay of the start of the pollen season signifi-
cantly affected season duration and the skewness
and kurtosis values of the pollen curve. The date
of the start of the pollen season could be a good
indicator of these charcteristics.
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