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Abstract The aim of this study was to investigate

aerobiological dynamics of pollen in the Mediter-

ranean part of Croatia in the air of the city of Split.

Pollen monitoring during the period from 2005 to

2013 was performed using a Hirst volumetric trap.

Among the identified pollen of 50 taxa, 21 were

allergenic. The average annual pollen index was

33,513. Three pollination seasons were established:

early winter season dominated by tree pollen, spring–

summer season dominated by herbaceous plants and

summer–autumn season with lower amounts of Pari-

etaria and Cupressaceae pollen. According to the

abundance, the main taxa were: Cupressaceae, Pari-

etaria/Urtica, Pinus, Quercus, Olea, Carpinus/

Ostrya, Poaceae, Platanus and Ambrosia. The annual

pollen index together with the daily maximum

concentrations showed an upward trend for selected

taxa during the study period. The highest monthly

pollen index and the highest biodiversity were

recorded in April and the lowest during the late

autumn and winter months. The pollen calendar

created for the city of Split confirmed Mediterranean

features of the pollen spectrum. The longest pollen

seasons were recorded for Cupressaceae, Parietaria/

Urtica and Poaceae pollen types. The correlations

between pollen concentrations and meteorological

parameters were analyzed. The correlations between

pollen concentrations and temperature were positive,

while the humidity and the precipitation mostly

showed negative influence.

Keywords Airborne pollen � Pollen spectrum �
Pollination season � Pollen calendar � Mediterranean �
Croatia

1 Introduction

General climatic trends, along with daily variations of

weather conditions have a direct impact on plant’s

physiological processes, such as flowering and pollen

production. Pollen grains as components of natural

bioaerosol are a major cause of pollinosis and thus of

major interest in both, aerobiology and allergology.

Specific allergen proteins located on the pollen grain

wall and minor allergens known as panallergens are

responsible for both, immune system response and

pollen-specific cross-reactions (Hauser et al. 2010).

For a better understanding of airborne pollen and its
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human health impact, aerobiological researches orig-

inated in the context of medicine. Today, aerobiology

intersects with numerous natural sciences. Over the

decades, we have witnessed a growing number of

people with allergenic difficulties, especially among

children (D’Amato et al. 2007; Banac 2012). Airborne

pollen monitoring in order to create pollen calendars

for a particular geographical area provides informa-

tion about pollen type diversity and pollen season

characteristics. Information about pollen content in the

air is of great importance for allergy patients and

physicians as it allows appropriate medical treatment.

According to D’Amato et al. (2001), people who live

in urban areas tend to be more affected by pollen-

induced respiratory allergy than those from rural areas.

Furthermore, chemical airborne pollutants of various

origins could be closely associated with an increased

incidence of allergic respiratory diseases due to the

interaction between pollen grains and air pollutants

(D’Amato et al. 2007). Recent aerobiological studies

(Frenguelli 2002; D’Amato et al. 2007; Cecchi et al.

2010; Beggs 2010; Garcı́a-Mozo et al. 2010; Ziello

et al. 2012) have shown that climate change will

influence aeroallergens by altering pollen amounts,

greater pollen allergenicity, prolonging the pollen

season and changing geographical prevalence of

plants.

Throughout Europe, pollinosis is mainly caused by

Poaceae pollen, as the strongest allergen in Central

and Eastern Europe and Betula pollen in Northern

Europe (D’Amato et al. 1998; Rodrı́guez-Rajo et al.

2003; Myszkowska and Majewska 2014). The increas-

ing incidence of atopic diseases caused by pollen

allergens is also evident in European areas character-

ized by a Mediterranean climate. Mild winters, dry

summers and geographical characteristics allow the

development of plants poorly represented in Central

and Northern Europe (D’Amato et al. 1998). The most

important arboreal sources of allergens belong to Olea

and Cupressaceae pollen types (Marth et al. 2014).

The most relevant herbaceous allergens are Poaceae

and Parietaria pollen types (D’Amato et al. 2007).

Due to geographical position, Croatia is characterized

by both, a continental and Mediterranean climate with

associated allergen pollen types. The first aerobiolog-

ical data for Croatia have been published for the

continental region (Peternel et al. 2003, 2005, 2007;

Štefanić et al. 2007; Špehar et al. 2010). Regarding

pollen allergy, clinical studies for Southern Croatia

showed sensitization to Olea, Parietaria, Poaceae and

Ambrosia pollen types (Cvitanovic 1999; Skitarelić

et al. 2004; Cvitanovic et al. 2004, 2007).

So far, there are no published aerobiological reports

on pollen spectrum for the Mediterranean region of

Croatia. The aim of the study was to provide basic

aerobiological data during nine years of pollen mon-

itoring. The main objective was to determine the

pollen spectrum, pollen season dynamics and pollen

calendar. The second goal of this study was to

investigate the relationship between the main meteo-

rological parameters and pollen content in the air. The

study provides data for a new region which allows

comparative studies and an analysis of geographical

variability in airborne pollen over Europe.

2 Materials and methods

2.1 Study area

Split (43�300N; 16�260E) is the second largest Croatian

city. It is the capital of Split-Dalmatia County and

occupies the central part of the coastal area of

Dalmatia region (Fig. 1). The city of Split is situated

on a peninsula between the Gulf of Kaštela to the east

and the Split Channel to the south. The hill Marjan

(178 m) rises in the west, and the islands of Brač,

Šolta, Hvar are located in the south. The mountains

that stretch from the northwest (Kozjak, 779 m) to the

southeast (Mosor, 1339 m) in the hinterland of Split

are natural climatic boundaries between continental

and maritime meteorological influences. Furthermore,

an around 1700-year-old historical complex of Split

has been on the UNESCO World Heritage List since

1979. In terms of phytogeography, the area of Split

belongs to the eastern part of the Adriatic Province of

the Mediterranean Region and Eumediterranean Zone.

This is the least humid area of the entire eastern

Adriatic coast, characterized by a pronounced and

prolonged period of summer heat and drought that

reflect in its vegetation. Natural vegetation is com-

posed of a Mediterranean forest dominated by holm

oak and shrubs. The area of Split, according to basic

climatic elements is characterized by a Csa climate

type by Köppen (Mediterranean climate with hot, dry

summers and mild winters, known as ‘‘Olive climate’’)

(Šegota and Filipčić 2003). The meteorological data

for the period from 2005 to 2013 showed that the
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average annual temperature was 16.9 �C. The coldest

months were January and February with an average

temperature of 8.3 and 8.0 �C, respectively. July was

the warmest month with an average air temperature of

27.3 �C. Irregular interannual variations of total

rainfall were recorded with the highest values in

2010 (1126 mm) and 2005 (1003.3 mm), which are

much higher than annual averages. The driest year was

2011 (583.9 mm). Regarding the average monthly

rainfall distribution during the study period, the lowest

total rainfall was recorded in July (31.1 mm) and

August (35.6 mm) while the rainiest months were

November (117.4 mm) and December (102.3 mm).

2.2 Pollen data analysis

This aerobiological study was made in the city of Split,

Croatia during a 9-year period (2005–2013). A Hirst

sampler (Lanzoni VPPS 2000) was placed on the flat

roof of the building of the Public Health Institute,

Split-Dalmatia County at a height of 15 m above

ground level. The research methodology followed the

recommendations of the International Association of

Aerobiology. Qualitative and quantitative micro-

scopic analysis of the sampled airborne pollen was

performed on three longitudinal slides’ transects

(Frenguelli 2003; Galán et al. 2014). Daily average

pollen concentrations were expressed as the number of

pollen grains per cubic meter of air. The main pollen

season (MPS) for pollen types selected in order of

importance was defined as the period from which the

sum of daily mean pollen concentrations reaches

2.5 % of the total sum until the time when the sum

reaches 97.5 %, i.e., the time with 95 % of the whole

pollen amount (Andersen 1991; Jato et al. 2006). The

pre-peak period (PPP) can be defined as the period

Fig. 1 Location of the city of Split, Croatia
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from the start of the main pollen season until the

maximum daily value (DMV) of pollen concentration

was reached (Garcı́a-Mozo et al. 2006). The pollen

calendar, which was based on the Spieksma model

(1991), was created for 30 plant taxa whose pollen

occurred regularly in the air of Split during the

investigated period. Taxa were ordered according to

appearance and reaching maximum daily values. The

meteorological data were provided by the Meteoro-

logical and Hydrological Service (DHMZ). The dis-

tance between the meteorological station and the

aerobiological monitoring station is less than 2 km.

Meteorological data were used for the nonparametric

Spearman’s rank correlation analysis. Spearman’s

correlation test was selected, since airborne particles

are constantly modified by meteorological parameters

and thus aerobiological data fail to fit a normal

distribution pattern. The statistical dependence

between daily pollen concentration and meteorolog-

ical data was analyzed during the pre-peak period and

the main pollen season. To get single dataset for each

pollen type selected, all pre-peak days were merged

together. This was also done to get a single dataset for

main pollen season days.

3 Results

During the 9-year continuous aerobiological monitor-

ing, in the atmosphere of Split, a total of 50 different

pollen types were identified. Among them, 31 were

tree taxa and 19 were herbaceous taxa. The average

annual pollen index was 33,513 with interannual

differences ranging from 11,232 in 2006, with the

prevalence of Pinus (2943) and Cupressaceae (2036)

taxa, to 65,897 in 2013, due to the extremely high

concentrations of Cupressaceae (33,496), Urticaceae

(9540) and Pinus (6460) pollen types (Table 1).

The pollen season in Split lasted, on average, from

the end of January to the end of October. Seasonal

distribution of pollen types showed that the highest

biodiversity of pollen types was recorded during

spring, while summer, and especially autumn and

winter, was characterized by a lower number of taxa

present in the atmosphere of Split (Fig. 2). The highest

values of airborne pollen were recorded during the

spring season which attributed to 89 % of the total

annual pollen index. Furthermore, the highest monthly

pollen indices were observed during March (2005 and

2012) and April (2006, 2007, 2008, 2009, 2010, 2011

and 2013) and in decreasing order followed by May,

February, June and July. The months with the lowest

quantities of pollen were January and from August to

December (Figs. 2, 3).

Average daily pollen concentration on some days in

the period from February to April exceeded 1000

pollen grains/m3. The maximum daily pollen concen-

tration was recorded on the 5th of March in 2013

(4364 pg/m3). Daily peaks were mainly contributed

by Cupressaceae pollen grains, along with Pinus,

Carpinus/Ostrya, Platanus and Urticaceae pollen

types. Urticaceae taxa were continuously pollinating

from April to September. Taxa that joined Urticaceae

pollen emission in May were Quercus, Olea and

Poaceae with average maximum daily concentrations

that on some days exceeded 500 pg/m3. In the early

summer months, June and July, pollen concentration

started to decline, without significant peaks recorded.

Only a few taxa flowered in this time of the year,

mainly herbaceous plant species belonging to the

families: Urticaceae and Poaceae and genus Plantago.

Average daily maximum concentrations never

reached 100 pg/m3 in August. Ambrosia pollen type,

along with autumn flowering of Cupressaceae taxa,

contributed the pollen concentration in September.

The period from October to December was character-

ized with low daily concentrations of pollen in the

atmosphere of Split (Fig. 3).

The most relevant pollen types in the air of Split,

that together represent 92.6 % of the total pollen

concentration were: Cupressaceae (49.9 %), Urti-

caceae (14.3 %), Pinus (10.6 %), Quercus (5.6 %),

Olea (4.8 %), Carpinus/Ostrya (3.2 %), Poaceae

(2.2 %), Platanus (1.1 %) and Ambrosia (0.8 %)

(Table 1). Ambrosia pollen type is included in this

study as an invasive taxa that releases one of the most

strongest aeroallergens although its annual total share

was lower than 1 %.

Analysis of interannual variations of pollen con-

centration resulted with high deviations and coeffi-

cients of variation above 30 % for aforementioned

taxa. The highest value of variation coefficients for the

most important taxa was calculated for the Platanus

pollen type (125 %) since the annual pollen index

ranged from 24 in 2006 to 1342 in 2013 and followed

by Carpinus/Ostrya (90.6 %), Quercus (81.9 %) and

Ambrosia (74.6 %). Lower coefficients of variation

and lesser dispersion of data around the average were
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recorded for Cupressaceae (66.7 %), Urticaceae

(59.3 %), Olea (56.2 %) and Poaceae (51.3 %) pollen

types. The most stable pattern of annual pollen index

ranging from 1546 in 2008 to 6640 in 2013 resulted

with the lowest coefficient of variation for Pinus

pollen type (38.9 %) (Table 1).

Main pollen season (MPS) analysis for each of the 9

taxa showed that, among tree species, Cupressaceae

pollen type had the longest pollen season, which

lasted, on average, 140 days. Other arboreal taxa with

long pollen season were Carpinus/Ostrya (on average

73 days), followed by Pinus and Quercus (around

60 days) and Olea (on average 43 days). The Platanus

pollen type had the shortest pollen seasons lasting on

average 30 days between 2005 and 2011. The pollen

seasons in 2012 and 2013 were extended and lasted

around 180 days. The pollen seasons of herbaceous

taxa, Urticaceae and Poaceae were long (around

170 days), since they are comprised of wide variety

of species which flower over the whole pollen season.

An exception was the Ambrosia pollen type with an

average length of 54 days (Table 2).

An upward trend of the daily maximum pollen

concentrations for particular taxa was recorded, with

an exception for Pinus and Poaceae pollen type with a

low slope value. Throughout the study period, among

tree taxa, the highest pollen peak concentrations were

recorded for Cupressaceae and Pinus followed by

Quercus, Olea, Carpinus/Ostrya and Platanus.

Among herbaceous taxa, daily peaks were much

higher for the Urticaceae pollen type, than those for

Poaceae and Ambrosia pollen type (Fig. 4; Table 2).

Spearman’s rank correlation analysis of daily

pollen concentration for 9 taxa during both, pre-peak

period (PPP) and main pollen season (MPS) with

meteorological variables (temperature, humidity, rain-

fall and wind speed) was calculated. During the PPP,

significant positive correlations between daily pollen

concentrations for all tree taxa and temperatures were

found. On contrary, during the MPS correlation

coefficients were negative for Cupressaceae, Pinus

and Platanus pollen type. Temperature was slightly to

moderately correlated with pollen concentration and

statistically significant during the PPP of herbaceous

taxa Urticaceae and Poaceae and not significant during

MPS. Opposite results were obtained for Ambrosia

correlation analysis. In the case of the humidity

variable, during the PPP correlation was negative for

all taxa, and in 7 out of 9 taxa during the MPS. Positive

and nonsignificant correlation for Cupressaceae taxa,

as an exception, was found. Significant correlation

with negative and low coefficients was obtained

between rainfall and 6 out of 9 different pollen types

in the PPP. Significant and positive correlations during

the MPS for all taxa, except for Carpinus/Ostrya, were

recorded for the same variable. Finally, the wind speed

was negative and significant for the Cupressaceae and

Pinus pollen type during the PPP and positive and

significant during the MPS for Cupressaceae, Pinus

and Platanus (Table 3).

Fig. 2 Average monthly

variations of pollen types

and indices in the air of the

city of Split, 2005–2013

(months are represented by

initial letters)
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4 Discussion

Aerobiological and allergological studies have been

evolving rapidly over the last three decades in most of

the European countries and in the Mediterranean area,

as well. This has highlighted the interdisciplinary

approach and special need for the exchange of the

most recent findings. Data about the presence and the

incidence of pollen allergens in the atmosphere enable

us to create pollen calendars with an approximation of

flowering periods for the most common allergenic

plant species in a study area. This, among the various

forms of aerobiological data analysis, is important for

allergy sufferers as it should help them to reduce or

avoid, if possible, exposure to airborne allergens.

The pollen calendar for Split created as a graphical

presentation of the occurence and frequency of the

most common pollen types is characterized by long

tails. This particularly refers to Cupressaceae, Urti-

caceae, Poaceae and Plantago pollen types. The long

tails point to the prolonged flowering periods, a

characteristic of Mediterranean pollen calendars. This

is due to the mild climate and gradual flowering of

species that grow at different heights since the

Mediterranean basin is surrounded with the mountains

close to the sea as already stated by other authors

(D’Amato and Spieksma 1990; Recio et al. 2006;

Pérez-Badia et al. 2010). Pollen grains of above

mentioned species were present in the atmosphere of

Split for more than 6 months, since they are comprised

of a wide variety of species and depending on the

favorable weather conditions may be present in the air

throughout the year. When comparing the pollen

calendars of Split and Zagreb (Peternel et al. 2003;

http://www.plivazdravlje.hr/img/themes/phfrontend/

kalendar_peludi/home.html), differences due to the

Fig. 3 Pollen calendar for the city of Split, 2005–2013
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local flora composition and climate conditions can be

observed. The central part of Croatia, with continental

climate is characterized by the presence of pollen

types with high allergenic importance, especially

those belonging to the families of Betulaceae and

Poaceae, and taxa like Ambrosia and Castanea. On the

contrary, Cupressaceae and Urticaceae pollen grains

show lower concentration classes. A greater number of

similarities were found with the pollen calendars cre-

ated for the city of Rijeka and the city of Dubrovnik,

both of them situated on the Adriatic coast (http://

www.plivazdravlje.hr/img/themes/phfrontend/kalend

ar_peludi/home.html). When comparing the pollen

calendar of Split with the pollen calendars for cities in

Southern Spain, the beginning of Cupressaceae and

Urticaceae pollen seasons, as well as reaching the

highest concentration levels for Cupressaceae, Poa-

ceae, Olea and Quercus, was similar (Cariñanos et al.

2004; Recio et al. 2006; Docampo et al. 2007;

Rodrı́guez-de la Cruz et al. 2010).

Analysis of seasonal variations accentuated three

major allergy periods as a characteristic of the

Mediterranean area. The first one corresponds to

early winter months, from January to late March in

which a predominance of Cupressaceae pollen was

found. In the air of Split, this plant family amounted

to 49.9 % of the total pollen with maximum daily

values exceeding 1000 pg/m3 in 8 out of 9 study

years. Such high pollen concentrations remained

floating in the air for several days, depending on the

season. Cupressaceae pollen type is the main cause of

winter pollinosis as already stated by several authors

(Cariñanos et al. 2004; D’Amato et al. 2007; Pérez-

Badia et al. 2010, 2011). Pollinosis induced by

Cupressaceae pollen is closely associated with the

increased use of different species of Cupressaceae

(Cupressus, Juniperus, Taxus) as ornamental trees, as

well as being a natural constituent of the surrounding

area. According to Cariñanos and Casares-Porcel

(2011) in cities with a temperate climate, overabun-

dant Cupressaceae ornamental trees act as chimneys,

simultaneously releasing large amounts of pollen into

the air during the main pollen season. During this

period, other allergenic pollen types recorded were

Ulmus, Alnus and Quercus in lower concentration

levels and Celtis, Platanus, Fraxinus, Carpinus/

Ostrya and Pinus in higher concentration levels.

Celtis and Platanus pollen grains originate mostly

from shadow forming alleys in the city. Typical urbanT
a
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Platanus pollen type appears abruptly in the air and

is recorded over a short period of time during March

and April as reported in Southern Spain (Alcazar

et al. 2011). The Platanus pollen index in the air of

the city of Split increased over time. In years 2012

and 2013, unusual behavior appeared which mani-

fested in re-pollinating in September and October.

Possible reasons might be in planting new trees or

response to the global climate change in temperature,

but more complete understanding requires thorough

research. Inside the Betulaceae family, as already

spoken, the high prevalence of the Betula taxa is

characteristic for the continental region and Carpinus/

Ostrya for the coastal region. The Carpinus/Ostrya

taxa and along with the Quercus and Pinus are part of

the forest vegetation which is known as the most

stable Mediterranean ecosystem. Together with other

forest and shrub species, they predominate the hill of

Marjan, the mountains in the hinterland of Split and

the surrounding islands. The Quercus and Pinus taxa

are, to a lesser extent, represented throughout the

urban city zone in the parks, gardens and along the

main city streets, as well as in the vicinity of the

sampler.

The second pollination period from April to July is

characterized with wider species diversity. April and

May are months with a high concentration of Quercus

and Pinus pollen although their allergenic capacity is

low. It must be highlighted that the shortest pre-peak

period was recorded for the Pinus pollen type. When

comparing daily peak concentrations of Quercus and

Pinus pollen types, those recorded in our study were

higher than in the continental part of Croatia (Nadih

et al. 2012; Sikora et al. 2013). Olea pollen is one of

Fig. 4 Seasonal dynamics of the nine most important pollen types in the air of the city of Split, 2005–2013
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the principal causes of allergy in this period. The

maximum daily concentrations of Olea pollen

recorded in second decade of May showed an

increasing trendline throughout the study period. Main

pollination season lasted 43 days on average and

ended during June. Pollen grains of Olea, together

with Poaceae and Urticaceae, are responsible for most

spring allergies in the Mediterranean area (Rodrı́guez-

Rajo et al. 2004; D’Amato et al. 2007; Tormo-Molina

et al. 2010; Pérez-Badia et al. 2010, 2011, Marth et al.

2014). Within the Urticaceae family, Parietaria

species is of the most allergological importance.

According to Dı́az de la Guardia et al. (1998), it is

considered as the second largest cause of pollinosis

within the Mediterranean basin. This species is also

known as lichwort or pellitory-of-the-wall, and its

preferred habitat is the walls of old or derelict

buildings on highly disturbed, nitrified soil (Cariñanos

et al. 2004). In the city of Split, Parietaria species has

already colonized the old town and due to the poor

maintenance it has spread all over the city. Regarding

the total annual concentration, Urticaceae was the

second abundant pollen type with a clear increasing

trendline. Urticaceae pollen presence in the atmo-

sphere of Split was noticeable already in early winter

months. Depending on the year of the study, pollen

season lasted from March/April until August/Septem-

ber with the average length of 170 days. In Spain

(Pérez-Badia et al. 2011; Rodrı́guez-Rajo et al. 2004)

and Italy (Rizzi Longo et al. 2004) Urticaceae shows a

similar length of pollen season. In other Mediterranean

countries, Greece (Syrigou et al. 2003) and Turkey

(Ufuk Altintaş et al. 2004) Urticaceae pollen seasons

were slightly shorter and lasted from March to July.

Maximum daily concentrations in Split were reached

mainly in April, similar to those in Spain (Docampo

et al. 2007; Pérez-Badia et al. 2010, 2011). The last

year of monitoring was characterized with two con-

secutive days of extremely high pollen concentrations

reaching 1100 pg/m3. High daily pollen concentra-

tions over 1000 pg/m3 were also recorded in Spain and

Italy (Pérez-Badia et al. 2011; Rizzi Longo et al.

Table 3 Spearman’s rank test

Cupressaceae Parietaria/Urtica Pinus Quercus Olea

PPP MPS PPP MPS PPP MPS PPP MPS PPP MPS

Tav (�C) 0.214** -0.583** 0.270** 0.004 0.297* -0.402** 0.497** 0.130** 0.260** 0.096

Tmax (�C) 0.222** -0.580** 0.270** 0.003 0.193 -0.397** 0.471** 0.119** 0.257** 0.076

Tmin (�C) 0.205** -0.582** 0.240** -0.009 0.135 -0.411** 0.445** 0.093** 0.246** 0.106*

Humidity

(%)

-0.042 0.178** -0.171** -0.110** -0.218 -0.048 -0.252** -0.219** -0.196** -0.045

Rainfall

(mm)

0.036 0.223 -0.061** 0.103** 0.184 0.134 -0.036** 0.054** -0.027** 0.012**

Wind

speed

(bof)

-0.147* 0.131** -0.111** -0.017 0.121 0.192** -0.002 0.080 0.064 0.053

Carpinus/Ostrya Poaceae Platanus Ambrosia

PPP MPS PPP MPS PPP MPS PPP MPS

Tav (�C) 0.384** 0.300** 0.532** 0.032 0.301** -0.274** 0.054 0.240**

Tmax (�C) 0.414** 0.323** 0.507** 0.029 0.283* -0.282** 0.082 0.264**

Tmin (�C) 0.325** 0.245** 0.486** 0.017 0.318** -0.265** 0.086 0.238**

Humidity (%) -0.270** -0.276** -0.231** -0.087** -0.246* 0.279** -0.280* -0.293**

Rainfall (mm) -0.146** -0.123** -0.088** 0.104** -0.073* 0.363* 0.271 0.268

Wind speed (bof) -0.017 -0.084* -0.024 0.049 -0.131 0.229* 0.053 0.048

Correlation coefficients between daily pollen concentration and the main meteorological variables during the pre-peak periods (PPP)

and during the main pollen seasons (MPSs), for selected pollen types in the air of the city of Split, 2005–2013

PPP pre-peak period, MPS main pollen season, T temperature

Significance levels * 95 %; ** 99 %
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2004). Poaceae pollen is the main cause of pollinosis

almost all over the world, including in Europe, due to

the high allergenic capacity of pollen and the high

number of species present in large extensions of most

European ecosystems (Pérez-Badia et al. 2010).

Studies across Mediterranean area confirmed earlier

flowering of Poaceae species than in the rest of Europe

(Laaidi 2001; Rodrı́guez-Rajo et al. 2003, 2004;

Syrigou et al. 2003; Ufuk Altintaş et al. 2004;

D’Amato et al. 2007; Docampo et al. 2007; Abreu

et al. 2008; Aboulaich et al. 2009; Pérez-Badia et al.

2010, 2011). Although characterized by a long polli-

nation period, Poaceae participated with only 2.2 % in

the pollen spectrum during the study period. Poaceae

pollen grains were present in the air of Split almost

throughout the year, similar as in Turkey and Spain

(Ufuk Altintas et al. 2004; Pérez-Badia et al. 2010).

The highest daily concentration recorded during May

didn’t reach 100 pg/m3. The length and duration of the

pollen season and peak dates for the Poaceae pollen

type were similar to those obtained in continental

Croatia (Štefanić et al. 2007; Nadih et al. 2012).

Higher maximum daily concentrations were reported

for the continental part of Croatia (Štefanić et al. 2007;

Nadih et al. 2012) and different areas of Spain

(Rodrı́guez-Rajo et al. 2003, 2004; Docampo et al.

2007; Pérez-Badia et al. 2010, 2011).

Finally, the last pollination period, the summer–

autumn season between August and November was

characterized by the second peak pollen concentration

of Cupressaceae and Urticaceae taxa, although less

pronounced. In this time of the year, the pollen of

Ambrosia was recorded with an increasing trend of the

annual pollen index during the study period. Ragweed

pollen is increasingly important from an allergological

point of view in parts of Central and Eastern Europe.

Ambrosia is colonizing Europe, and not only Central

Europe, but also some parts of the Mediterranean area

such as Northern Italy (D’Amato et al. 2007). In the

continental part of Croatia, especially in the Pannon-

ian valley, Ambrosia is an aggressive agricultural

weed. This is contributed by high daily pollen

concentrations recorded during aerobiological moni-

toring in the city of Slavonski Brod (Nadih et al. 2012),

Vinkovci (Štefanić et al. 2007) and Zagreb (Peternel

et al. 2003, 2005). The incidence of Ambrosia pollen

in the air of Split is low, and the pollination period is

interrupted by days without pollen. This may indicate

long-distance transport over mountain barriers in the

hinterland of Split, stretching from the northwest to

the southeast. Ambrosia pollen grains transport over

large distances has already been stated in different

studies provided across the European countries (Cec-

chi et al. 2007; Thibaudon et al. 2010; Kasprzyk et al.

2011; Fernández-Llamazares et al. 2012). Also, new

patterns of atmospheric circulation over Europe due to

the climate changes might contribute to the episodes of

long-distance transport of allergenic pollen, increasing

the risk of new sensitizations among the allergenic

population (Cecchi et al. 2007).

The flowering, pollination and dispersal of airborne

pollen are modified by meteorological factors as stated

by different authors (Docampo et al. 2007; Garcı́a-

Mozo et al. 2010; Pérez-Badia et al. 2010, 2011).

Atmospheric weather conditions define seasonal and

daily pollen concentrations in a certain area. Studies of

many authors showed that the global climate change

observed in the last decades has caused an increase in

the amount of pollen produced by plants, which has

been demonstrated in relation to various plant species

(Ziello et al. 2012; Piotrowska-Weryszko and Wer-

yszko-Chmielewska 2014). In our aerobiological

study, an upward trendline for the annual pollen index

was found. This was also attested for the most

abundant pollen types included in this study. Similar

results for annually increasing pollen indices were

found in Spain (Rodrı́guez-Rajo et al. 2003; Cariñanos

et al. 2004; Rodrı́guez-de la Cruz et al. 2010) and in

several cities of Western Europe in the case of

Quercus, Urtica and Artemisia pollen type (Spieksma

et al. 2003).

In the city of Split, no data about the relation

between pollen concentrations and meteorology were

published prior to this study. Correlation analysis

between airborne pollen concentration of the nine

most relevant taxa and air temperature matched results

reported by other authors (Rodrı́guez-Rajo et al. 2003;

Garcı́a-Mozo et al. 2006; Pérez-Badia et al. 2010;

Tormo-Molina et al. 2010). During the pre-peak

period, significant positive correlation for eight of

nine taxa was found. The exception was the Ambrosia

species on which the temperature had a statistically

positive influence during the main pollen season but

not during the pre-peak period. This may be explained

by the already increased temperature during the

summer months. During the main pollen season,

significant positive coefficients were also found for

Quercus and Carpinus/Ostrya and positive but not
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significant for Olea, Urticaceae and Poaceae. Further-

more, in the same period, significant negative corre-

lation coefficients for Cupressaceae, Pinus and

Platanus were noted. These later results, as already

stated by Garcı́a-Mozo et al. (2006) are characteristic

for some tree taxa which have long pollination periods

and in which the temperature increase in the late

spring or early summer days matches with the

decrease of pollen concentrations.

Once the pollen is airborne along with rainfall,

wind speed and air turbulences have a direct influence

on pollen content in the air. The negative and

significant correlation is observed between wind speed

and pollen concentration of Cupressaceae and Urti-

caceae pollen in the pre-peak period. This may explain

the origin of the pollen source nearby the Hirst

volumetric trap. Opposite results were obtained for the

main pollen season for the Cupressaceae, Pinus and

Platanus taxa. Correlation analysis also showed the

absence of wind speed significance during the polli-

nation of the Quercus, Olea, Poaceae and Ambrosia

taxa. Similar results with the stronger correlation are

reported in the studies throughout Spain (Rodrı́guez-

Rajo et al. 2003; Garcı́a-Mozo et al. 2006; Pérez-Badia

et al. 2011).

5 Conclusion

This aerobiological survey on the pollen dynamics and

its correlation with meteorological parameters is of

great importance because it fills the gap that existed

until now for the Croatian part of the Mediterranean

basin. Furthermore, this paper may find practical use

in allergological studies, and in improvement of

information accessibility about the allergens’ presence

in the air, particularly during the tourist season, which

can be prolonged almost throughout the year.

A significant increase in airborne pollen index was

observed. This fact especially refers to the spring

months when the highest pollen indices were recorded.

Regarding the seasonal variations, three major allergy

periods were established: early winter period, spring

period and summer–autumn period. As for the influ-

ence of meteorological parameters to pollen concen-

tration, the strongest positive correlation was found

between temperature and pollen concentration of the

most representative pollen types in the air of the city of

Split. These findings could be related to the global

climate changes.

Further aerobiological research activities have to be

conducted in order to confirm aforementioned

conclusions.
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