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A b s t r a c t

This paper investigates pollen seasons for Corylus spp. 
and Alnus spp. for the years 1997-2007 in Sosnowiec, southern 
Poland. The research was conducted by means of the volumetric 
method using a Burkard-type spore trap. The duration of pollen 
seasons was determined by means of the 98% method.

The aim of this study was to distinguish the types of 
the course of hazel and alder pollen seasons using cluster ana-
lysis, including non-hierarchical clustering of multi-feature 
objects – k-means clustering. The pollen seasons were divided 
into five types because of considerable variations from one year 
to another. For both taxons one dominant type was found, which 
was characterized by a very long period of compact pollen re-
lease with low values of the pollen count and by the occurrence 
of several maximums divided by periods of a lower pollen co-
unt. This work contains only a preliminary analysis on the types 
of pollen seasons because of relatively short data set. Future 
research on a larger series of measurements should be proved.

Key words: types of pollen seasons, hazel, alder, Sosnowiec, 
Poland

INTRODUCTION

In the temperate climate zone in northern and 
central Europe, the pollen seasons of trees which flow-
er in early spring are characterized by a distinct varia-
tion in subsequent years (J ä g e r  et al. 1996). During 
an analysis of the beginning, end and the duration of 
the pollen seasons over the eleven years examined, it 
was found that the largest variation with regard to the 
beginning and the end of the pollen seasons in Sos-
nowiec is demonstrated by the taxons of plants which 
flower earliest, that is the hazel and the alder. Their 
pollen seasons usually last from late January or early 
February to late March or early April. However, the 
start dates of the pollen seasons of those taxa varied in 
some years even by over two months and the end dates 
of the season by over a month for the hazel and by al-
most two months for the alder.  The large differences 
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between the starts of the pollen seasons of hazel and 
alder in consecutive years were confirmed by other 
researchers (W e r y s z k o - C h m i e l e w s k a  et al. 
2001; K a s p r z y k  et al. 2004; P i o t r o w s k a , 2004; 
P i o t r o w i c z  and M y s z k o w s k a , 2006; E m -
b e r l i n  et al. 2007a; S m i t h  et al. 2007; M y s z -
k o w s k a  et al. 2010) 

Variations in the values of maximum pollen 
counts and in the dates of their occurrence were also 
observed. These trees flower in spring and their pollen 
occur in the air in high or relatively high concentra-
tions, being a cause of pollen allergies (K a s p r z y k 
et al. 2004). Pollen of these taxa are recognized as im-
portant allergen sources both in their own right and be-
cause of cross-reactivity with pollen grains other gen-
era belonging to the Betulaceae and Fagaceae families 
(J ä g e r  and H o r a k , 1991; M a t t h i e s e n  et al. 
1991; V i k  et al. 1991; K n o x  and S u p h i o g l u , 
1996; F i l o n  et al. 2000; R o d r i g u e z - R a j o  et al. 
2004). Exposure to hazel and alder pollen early in the 
spring may cause allergic people to be more sensitive 
to other pollen grains later in the season. For exam-
ple, their allergens may cause stronger reactions during 
the birch pollen season by a long period of priming in 
susceptible individuals, so that allergic reactions occur 
at a lower threshold concentration (E m b e r l i n  et al. 
1997; E m b e r l i n , 2000; R o d r i g u e z - R a j o  et 
al. 2004; E m b e r l i n  et al. 2007).

This paper aims to investigate changes and fea-
tures in the pollen seasons of the early flowering spring 
species of trees, alder and hazel in Sosnowiec from 
1997 to 2007 and the creation, on the basis of these 
features, of a preliminary classification of their pol-
len seasons. Because of considerable variations in the 
course of the pollen seasons of the plants discussed, 
an attempt to classify them was made using an objec-
tive method of clustering of multi-feature objects –
k-means. The method was mainly based on variations 
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in the curves of the pollen count, the position of maxi-
mum count peaks and the time of their occurrence. 

MATERIALS AND METHODS

An analysis of the hazel (Corylus spp.) and alder 
(Alnus spp.) pollen count in Sosnowiec was performed 
on the basis of data from the years 1997 – 2007. The 
research was conducted by means of the volumetric 
method using a Burkard-type spore trap which belongs 
to the Allergen Research Center. The sampling site was 
located at a height of approximately 20 metres above 
the ground on the premises of the Faculty of Earth Sci-
ences at the University of Silesia in the northern part 
of Pogoń – a district of Sosnowiec – with well-spaced 
residential blocks of flats. The geographic coordinates 
for the sampling site are as follows: 50o 17’ 50”N and 
19° 08’ 20”E. 

Sosnowiec is situated in the south of Poland, 
in the eastern part of the Silesian Upland [Wyżyna 
Śląska]. In the Silesian Upland area, where Sosnowiec 
is situated, the influences of various air masses inter-
act, therefore the climate is characterized by quite con-
siderable variability and irregularity of the course of 
climatic elements. The city is situated in a temperate 
climate zone – it has a transitional climate between the 
oceanic and continental one. The weather in Sosnowiec 
on the majority of days throughout the year (63.5%) is 
determined by polar maritime air (N i e d źw i e d ź , 
2003). The average annual temperature is 8.1oC. The 
warmest month is July (17.2oC) and the coldest – Janu-
ary (-1.2oC). The average annual precipitation is about 
700 mm. The dominant winds are westerly ones: NW, 
W and SW (Łupikasza and Widawski, 2008).

Despite the fact that there are many residential 
and industrial buildings in Sosnowiec, it is an area 
where a large number of tracheophyte species belong-
ing to many botanical families grow in different habi-
tats. According to J ę d r z e j k o  (1993), green spaces 
within the city cover approximately 24.7% of its area.

A microscopic analysis of hazel and alder pol-
len, after preparations had been stained with alkaline 
fuchsin, was performed on the surface of 4 horizontal 
strips (M a n d r i o l i  et al. 1998). The result was ex-
pressed as the average daily number of pollen grains 
per cubic metre of air. The duration of pollen seasons 
was determined by means of the 98% method, accord-
ing to which the beginning of the season was on the 
day when 1% of the cumulative sum of a given taxon 
pollen was recorded and the end when 99% of pollen 
was found (E m b e r l i n  et al. 1994; S p i e k s m a 
and N i k k e l s , 1998).

Cluster analysis was used to classify the course 
of pollen seasons, including non-hierarchical cluster-
ing of multi-feature objects – k-means clustering. This 

method is based on the automatic clustering of objects 
that are similar to each other. The k-means method is 
used to analyze large amounts of data, and its essence 
is to reduce the accumulated information into several 
basic categories, which makes it easy to understand the 
relevant phenomena and to draw general conclusions. 
In this method, the number of clusters is imposed by the 
researcher, so this is a subjective method. In this study, 
pollen periods were divided into five groups accord-
ing to the author, because such a division best showed 
differences among individual groups. Some types dis-
tinguished in this work are represented by only one 
season. This is due to the fact that such season differs 
significantly from the others and therefore is automati-
cally classified as a separate one. It must be noted that 
these are preliminary studies and in the future they 
should be supplemented with more data. The pollen 
seasons in the next years can be added to the types rep-
resented only by one season.

The dates of successive stages of the pollen sea-
son were determined as the next day of the year on 
which the accumulated number of pollen grains from 
the beginning of the year reached a specified percent-
age value of all the grains in a given year: the begin-
ning of the season (1%), the first quarter of the sea-
son (25%), the middle of the season (50%), the third 
quarter of the season (75%) and the end of the season 
(99%).

RESULTS

The particular types of hazel pollen seasons 
differed in their duration, the number of maximum 
count peaks and their position as well as in the val-
ues of daily counts. The pollen seasons were divided 
into five types. The first type (Fig. 1, A), set apart on 
the basis of cluster analysis, is characterized by a very 
long period of compact pollen release with low val-
ues of the pollen count. This type is also characterized 
by the occurrence of several maximums divided by pe-
riods of a lower pollen count. The largest number of 
pollen seasons was classified as type A. The course 
of the second type (Fig. 1, B) is distinctly more com-
pact when compared to the first type – with one clearly 
marked three-peak maximum. Pollen counts are higher 
and seasonal maximums are recorded shortly after the 
first pollen grains appear in the aeroplankton. Types 
C and E have a similar course. They are characterized 
by high daily pollen counts, the highest among all the 
types, and one peak of maximum pollen counts. How-
ever, at the beginning of the season daily pollen counts 
for these types are very low, close to zero. Another 
typical feature of them is a distinct post-peak period, 
longer than the other types. The difference between 
them concerns the time of the maximum peak occur-
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Fig. 1. Types of the hazel pollen seasons (A, B, C, D, E) distinguished with cluster analysis method
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cd. Fig. 1. Types of the hazel pollen seasons (A, B, C, D, E) distinguished with cluster analysis method
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Fig. 2. Types of the alder pollen seasons (A, B, C, D, E) distinguished with cluster analysis method
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cd. Fig. 2. Types of the alder pollen seasons (A, B, C, D, E) distinguished with cluster analysis method
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rence. For type C, the maximum occurs in the middle 
of the pollen season, whereas for type E in the third 
quarter of it. Type D has a course totally different from 
the four types described above. It has two maximums 
– the first one, lower, at the beginning of the pollen 
season, the second one, higher, in the third quarter of 
the season. Both maximums are separated by a period 
of very low or even decreased to zero pollen counts.

The dynamics of the course of the alder pollen 
count during particular seasons differed quite consid-
erably, which made it possible to distinguish 5 types of 
the course of pollen seasons (Fig. 2). Type A, which 
covers the largest number of pollen seasons, is charac-
terized by low counts and several peaks of maximum 
pollen counts stretched over a significant period of 
time. Types B and C are similar to each other. They 
are characterized by high pollen counts and one main 
three-peak maximum. The difference between them 
is that the maximum pollen release for type C starts 
shortly after the first pollen grains appear, whereas for 
type B the maximum is shifted more towards the mid-
dle of the pollen season. Type E is also characterized 
by a three-peak maximum at the beginning of the sea-
son; however, the pollen reaches significantly lower 
values of daily counts than for the two types described 
previously. Type E for the alder is similar with regard 
to its course to type B for the hazel. Type D starts with 
a slight peak at the beginning of the pollen season and 
then the daily pollen count drops dramatically, as it is 
the case with type D for the hazel. In the middle of the 
season a one-peak maximum occurs, reaching a value 
close to 1000 grains in one cubic metre (Fig. 2).

DISCUSSION

The process of pollen release by plants takes 
place over a specified period and is connected with the 
genetically conditioned biological rhythm, being modi-
fied by environmental factors. It depends, among other 
elements, on the region’s geobotanical characteristics, 
the climate, the taxonomic rank of the taxon examined 
as well as the abundance and location of pollen sourc-
es (E m b e r l i n  et al. 1994; L a t o r r e , 1997; V a -
l e n c i a - B a r r e r a  et al. 2001; R e e s e  and L i u , 
2005). That is why it is important for aeropalynological 
studies to be conducted locally. Studies carried out in 
Sosnowiec in 1997-2007 showed a significant differ-
ence in the course of pollen seasons of hazel and alder. 
Therefore, an attempt to divide the pollen seasons into 
different types was made. Although it should be added 
that these are preliminary studies on the distribution of 
pollen seasons and further studies are needed to verify 
these results.

In aerobiological literature there are already ty-
pologies of pollen seasons. For instance H y d e  (1956) 

distinguished two basic types of pollen occurrence in 
the air during a year: compact and dispersed. As for the 
compact type, the number of grains in the air grows, 
reaches a distinct, usually one, maximum, and then 
drops. The second type is characterized by the lack of 
a distinct maximum phase – there are often several pe-
riods of an increased pollen count in the air. The pol-
len is in the air for a long time, usually with numerous 
breaks, and the season is not intensive.

S z c z e p a n e k  (1994) divided pollen seasons 
into three groups depending on their duration. He dis-
tinguished short seasons, lasting from 30 to 35 days, 
medium-length seasons, lasting from 35 to 60 days, 
and long seasons, lasting from 60 to 120 days.

Studies conducted in Krakow (M y s z k o w -
s k a  and P i o t r o w i c z , 2009) allowed to distinguish 
two types of birch pollen seasons – highly dense and 
less dense, whose existence is dependent on meteoro-
logical conditions. This classification was based on the 
length of pollen seasons and the daily concentration of 
birch pollen grains.

The classification of pollen seasons in Sosno-
wiec was based, similarly to the one made by H y d e 
(1956), on the number of peaks with maximum pol-
len counts. However, the time of the occurrence of 
maximum pollen release counted from the beginning 
of the season was also taken into account. The division 
of pollen seasons into five types helped to distinguish 
additional types from among compact and dispersed 
seasons. Comparing the particular types of the courses 
of pollen seasons, it was found that the hazel and the 
alder have one dominant type, which covers the larg-
est number of pollen seasons. The other types were 
very scattered, so to verify the particular types of pol-
len release a longer period of measurement is needed, 
because some types existing in nature might not have 
occurred at all in the years examined. Moreover, some 
types of pollen seasons were similar for both taxons 
discussed, for example type D, which occurred in 2004 
both with regard to the hazel and the alder, and type 
B for the hazel was similar with regard to its course 
to type E for the alder. In many cases the course of 
pollen seasons was asymmetrical; the post-peak peri-
ods were longer than those before the maximum which 
were also found in other Polish cities (K a s p r z y k  et 
al. 2004). Curves with multiple peaks in some types 
may be due to differing weather conditions, but may 
also be attributable to the different species included in 
the same pollen type (A l c á z a r  et al. 2009).

CONCLUSIONS

This paper presents only a preliminary study on 
the typology of pollen seasons. However, to consider 
this issue further, we need a greater number of meas-
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urement years in order to establish if all the types which 
occur in nature were found. Future research should be 
done on a much larger data set with regard to weather 
conditions. Despite the small amount of data, it can 
be concluded that type A is the most characteristic 
for both hazel and alder. This type is characterized 
by a very long period of compact pollen release with 
low values of the pollen count and by the occurrence 
of several maximums divided by periods of a lower 
pollen count.

Acknowledgments

This research has been financed by KBN Grant 
No. NN 306425434 (years 2008 – 2010). I express my 
special thanks to Professor Tadeusz Niedźwiedź, who 
inspired me to do my research, on the basis of which 
this article has been written. I would also like to thank 
Ms. Kazimiera Chłopek, MSc, for providing archived 
data for these studies.

REFERENCES

A l c á z a r  P., S t a c h  A., N o w a k  M., G a l á n  C., 2009. 
Comparison of airborne herb pollen types in Córdoba 
(Southwestern Spain) and Poznań (Western Poland). 
Aerobiologia, 25: 55-63.

E m b e r l i n  J., 2000. Aerobiology. [In:] W. W. Busse, S. T. 
Holgate, (eds), Asthma and rhinitis, 2. Blackwell, Ox-
ford.

E m b e r l i n  J., J o n e s  S., B a i l e y  J., C a u l t o n  E., C o r -
d e n  J., D u b b e l s  S., E v a n s  J., Mc D o n a g h  N., 
M i l l i n g t o n  W., M u l l i n s  J., R u s s e l  R., S p e n -
c e r  T., 1994. Variation in the start of the grass pollen 
season at selected sites in the United Kingdom 1987-
1992. Grana, 33: 94-99.

E m b e r l i n  J., M u l l i n s  J., C o r d o n  J., M i l l i n g t o n  W., 
B r o o k e  M., S a v a g e  M., J o n e s  S., 1997. The trend 
to earlier birch pollen seasons in the UK: a biotic re-
sponse to changes in weather conditions? Grana, 36:
29-33.

E m b e r l i n  J., L a a i d i  M., D e t a n d t  M., J ä g e r  S., M y s z -
k o w s k a  D., N o l a r d  N., R a n t i o - L e h t i m a k i , 
A., S t a c h  A., 2007. Climate change and evolution of 
the pollen content of the air in seven European countries: 
The example of Birch. Revue Française D’allergologie 
Et D’immunologie Clinique, 47: 57-63.

F i l o n  F. L., B o s c o  A., B a r b i n a  P., S a u l i  M. L., L o n g o 
L. R., 2000. Betulaceae and Corylaceae in Trieste (NE-
Italy): Aerobiological and clinical data. Aerobiologia, 
16: 87-91.

H y d e  H. A., 1956. Tree pollen in Great Britain. Acta Allergo-
logica, 10: 224-245.

J ä g e r  S., H o r a k  F., 1991. Allergenic Pollen and Pollinosis 
in Austria. [In:] G. D’Amato, F.Th.M. Spieksma, S. Bo-
nini, (eds.), Allergenic Pollen and Pollinosis in Europe. 
Blackwell Science Publishing, London: 137-140.

J ä g e r  S., N i l s s o n  S., B e r g g r e n  B., P e s s i  A. M., H e -
l a n d e r  M., R a m f j o r d  H., 1996. Trends of some 
airborne tree pollen in the Nordic countries and Austria, 
1980-1993. Grana, 35: 171-178.

J ę d r z e j k o  K., 1993. Tereny zielone Sosnowca, charakterysty-
ka florystyczno-ekologiczna. / Green spaces of Sosnowiec. 
The floristic and ecological characteristics. [In:] M. Wana-
towicz, (ed.), Rocznik Sosnowiecki 1993 (2nd ed), Sosno-
wiec: Urząd Miejski w Sosnowcu: 116-139). (in Polish).

K a s p r z y k  I., U r u s k a  A., S z c z e p a n e k  K., L a t a ł o w a 
M., G a w e ł  J., H a r m a t a  K., M y s z k o w s k a  D., 
S t a c h  A., S t ę p a l s k a  D., 2004. Regional differen-
tiation in the dynamics of the pollen seasons of Alnus, 
Corylus and Fraxinus in Poland (preliminary results).  
Aerobiologia, 20: 141-151.

K n o x  R. B., S u p h i o g l u  C., 1996. Environmental and mo-
lecular biology of pollen allergens. Trends in Plant. 
Science, 1 (5): 156-164.

L a t o r r e  F., 1997. Comparison between phonological and 
aerobiological patterns of some arboreal species of Mar 
del Plata (Argentina). Aerobiologia, 13: 49-59.

Ł u p i k a s z a  E., W i d a w s k i  A., 2008. Warunki klimatyczne 
obszaru Górnośląskiego Związku Metropolitalnego. / 
Climatic conditions of the Metropolitan Association of 
Upper Silesia area. Polskie Towarzystwo Geograficzne 
Oddział Katowicki: 90-104 (in Polish).

M a n d r i o l i  P., C o m t o i s  P., D o m i n i g u e z -V i l c h e s 
E., G a l a n  C., S y z d e k  L. D., I s s a r d  S. A., 1998. 
Sampling: Principles and Techniques. [In:] P. Mandrio-
li, P. Comtois, V. Levizzani, (eds.), Methods in Aero-
biology. Pitagora Editrice Bologna: 47-112.

M a t t h i e s e n  F., I p s e n  H., L øw e n s t e i n  H., 1991. Pollen 
allergies. [In:] G. D’Amato, F.Th.M. Spieksma, S. Bo-
nini, (eds.), Allergenic pollen and pollinosis in Europe. 
Blackwell, Oxford.

M y s z k o w s k a  D., P i o t r o w i c z  K., 2009. Birch (Betula L.) 
pollen seasons In Cracow In 1991-2008 in relation to me-
teorological conditions. Acta Agrobot. 62 (2): 67-75.

M y s z k o w s k a  D., J e n n e r  B., P u c  M., S t a c h  A., N o w a k 
M., M a l k i e w i c z  M., C h ł o p e k  K., U r u s k a  A., 
R a p i e j k o  P., M a j k o w s k a -Wo j c i e c h o w s k a 
B., We r y s z k o - C h m i e l e w s k a  E., P i o t r o w s k a 
K., K a s p r z y k  I., 2010. Spatial variations in the dyna-
mics of the Alnus and Corylus pollen seasons in Poland. 
Aerobiolgia, 26: 209-221.

N i e d źw i e d ź  T., 2003. Częstość występowania mas po-
wietrznych w Polsce południowej w drugiej połowie 
XX wieku. / The frequency of air masses in southern 
Poland in the second half of the 20th century. Prace 
Geograficzne, 188: 65-74 (in Polish).

P i o t r o w i c z  K., M y s z k o w s k a  D., 2006. The start date, 
end and duration of the hazel pollen seasons on the ba-
ckground of climatic changes in Krakow. Alergologia 
Immunologia, 3 (3-4): 86-89.

P i o t r o w s k a  K., 2004. Comparison of Alnus, Corylus and 
Betula pollen counts in Lublin (Poland) and Skien 
(Norway). Ann. Agric. Environ. Med. 11: 205-208.



Types of hazel (Corylus spp.) and alder (Alnus spp.) pollen seasons in Sosnowiec 1997 – 2007 (Poland) 83

R e e s e  C. A., L i u  K., 2005. A modern pollen rain study from 
the central Andes region of South America. Int. J. Bio-
metorol. 32: 709-718.

R o d r í g u e z - R a j o  F. J., D o p a z o  A., J a t o  V., 2004. En-
vironmental factors affecting the start of the pollen sea-
son and concentrations of airborne Alnus pollen in two 
localities of Galicia (NW Spain). Ann. Agric. Environ. 
Med. 11 (1): 35-44.

S m i t h  M., E m b e r l i n  J., S t a c h  A., C z a r n e c k a - O p e -
r a c z  M., J e n e r o w i c z  D., S i l n y  W., 2007. Re-
gional importance of Alnus pollen as an aeroallergen: 
A comparative study of Alnus pollen counts from Wor-
cester (UK) and Poznań (Poland). Ann. Agric. Environ. 
Med. 14: 123-128.

S p i e k s m a  F. Th. M., N i k k e l s  A. H., 1998. Airborne grass 
pollen in Leiden, The Netherlands: annual variations 
and trends in quantities and season starts over 26 years. 
Aerobiologia, 14: 347-358.

S z c z e p a n e k  K., 1994. Pollen fall in Kraków 1982-1991. Ze-
szyty Naukowe UJ, 97: 9-22.

Va l e n c i a - B a r r e r a  R. M., C o m t o i s  P., F e r n á n d e z -
G o n z á l e z  D., 2001. Biogeography and bioclimatolo-
gy in pollen forecasting. Grana, 40 (4-5): 223-229.

V i k  H., F l o r v a a g  E., E l s a y e d  S., 1991. Allergenic sig-
nificance of Betula (Birch) Pollen. [In:] G. D’Amato, 
F.Th.M. Spieksma, S. Bonini, (eds), Allergenic Pollen 
and Pollinosis in Europe. Blackwell Scientific Publica-
tions London: 94-97.

We r y s z k o - C h m i e l e w s k a  E., P u c  M., R a p i e j k o  P., 
2001. Comparative analysis of pollen count of Corylus, 
Alnus and Betula in Szczecin, Warszawa and Lublin 
(2000 – 2001). Ann. Agric. Environ. Med. 8: 235-240.

Typy sezonów pyłkowych leszczyny
(Corylus spp.) i olszy (Alnus spp.)
w Sosnowcu 1997 – 2007 (Polska) 

S t r e s z c z e n i e

Praca przedstawia analizę sezonów pyłkowych 
leszczyny i olszy w Sosnowcu na podstawie danych 
z lat 1997 – 2007. Badania prowadzono metodą wo-
lumetryczną przy użyciu aparatu typu Burkard. Czas 
trwania sezonów pyłkowych wyznaczono metodą 
98%. 

Celem pracy było wydzielenie typów przebiegu 
sezonów pyłkowych leszczyny i olszy przy  użyciu ana-
lizy skupień (Cluster analysis) w tym niehierarchicznej 
metody grupowania obiektów wielocechowych – me-
tody k-średnich. Sezony pyłkowe podzielono na pięć 
typów ze względu na znaczne zróżnicowanie w po-
szczególnych latach. Dla obydwu taksonów znaleziono 
jeden dominujący typ, który charakteryzował się bar-
dzo długim okresem zwartego pylenia o niskich war-
tościach stężenia ziaren pyłku. Charakterystyczne dla 
tego typu było także występowanie kilku maksimów 
oddzielonych od siebie okresami o niższym stężeniu 
ziaren pyłku. Praca ta zawiera wstępną analizę doty-
czącą typów sezonów pyłkowych ze względu na krót-
ką serię danych. 
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