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Abstract 

Pollen monitoring is a useful tool for characterizing the flora present in a territory. Exposure to pollen is closely related with the season of 
flowering and the period of phenology of plants. The period of pollination and the pollen dispersion in air is conditioned also by meteorological 
variables, latitude, height above sea level and climatic conditions of each zone. In fact, the pollen presence changes both over years and months, 
and over days and hours of the day. This is a preliminary study that shows the use of pollen as bioindicators of the floristic-vegetational diversity 
and ex-post characterization of a site.
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Introduction

The metropolitan city of Rome is a vast territory of 5.363km2, 
which extends from the Tyrrhenian Sea to the west to the border 
with the province of L’Aquila in the neighbouring Abruzzo region 
to the east and includes 121 municipalities including the city of 
Rome, with 4,356 million people.

From a geographical point of view, the area develops in an 
altitude difference from 0m asl along the Tyrrhenian coast, to 
1855m asl of Monte Autore (Simbruini Mountains), characterized 
by three main mountain systems: Alban Hills and Lepini Mountains 
that delimit the border to the South-East, the anti-Apennine 
group to the North-West, bordering the province of Viterbo, and 
the Lazio sub-Apennines to the east with the Lucretili Mountains, 
the Tiburtini Mountains, the Prenestini Mountains, the Ruffi 
Mountains, the Affilani Mountains and the Simbruini Mountains 
whose territory also includes part of the municipality of Subiaco.

Climate varies greatly depending on the morphological 
characteristics of the territory: Mediterranean climate in the 
coastal belt to the west, and mild continental climate in inland 
areas to the east. Temperatures decrease from West to the East,  

 
while rainfall values increase, passing from about 700mm/year 
in the coastal area, to about 1500mm/year in the Simbruini 
mountains area [1].

About 25% of the soil is used by artificial surfaces, and the 
remaining 75% is characterized by pastures, crops, woods, olive 
groves, vineyards, permanent lawns [2].

The study of natural environments and the characterization of 
vegetation can be carried out through aerobiological monitoring 
which can prove to be a useful tool in the field of climatology, in the 
study of climate change [3], for the control of flora. of a territory 
[4], as well as for the prevention of allergic symptoms [5].

This study, through the presence of airborne pollen, is 
intended to provide preliminary assessment of the aerobiological 
diversity between the urban area of the municipality of Rome in 
the strict sense and the metropolitan peripheral area, in relation 
to the large extent of the territory concerned.

The presence of airborne pollen is strongly influenced by 
the characteristic vegetation of the sampling site and is strictly 
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related to the flowering season and the phenological period of 
the plants. The pollination period is then influenced by latitude, 
height above sea level, weather, and climatic conditions. The 
interannual variation of these parameters can shift the start 
date of the pollen season, from one year to the next, even for 
several weeks. It is known that temperature represents one of 
the environmental variables mainly affecting pollen emission in 
the atmosphere [6-9], while the fluctuations that occur from year 
to year can be attributed to a series of parameters, including the 
weather conditions before and during pollination.

Materials and Methods

For the sampling, Hirst volumetric traps, model Lanzoni 
VPPS 2000 were used as per standardized methodology [10]. 
Data on daily pollen concentrations belonging to 8 pollen taxa 
were considered: Alnus spp., Corylus avellana L., Cupressaceae, 
Fraxinus spp., Platananceae, Populus spp., Salix spp. and Ulmus 
spp. The pollen concentrations were detected by the activity of 
4 volumetric samplers belonging to the Rome Monitoring Center 
of the Tor Vergata University, situated in 4 different sites in the 
territory of the Rome Metropolitan City: three in the territory 
of the municipality of Rome - in Rome South, on the roof of the 
Biology Department of the University of Rome Tor Vergata, 
in North Rome on the roof of a building of the Villa San Pietro-

Fatebenefratelli Hospital, and in Rome Center near the subway of 
Cipro-Musei Vaticani - and one in the municipality of Subiaco, in 
the territory of the Simbruini Mountains Regional Natural Park. 
In the city of Rome, pollen sampling has been active since 1996, 
while the sampler installed in the Simbruini Mountains park has 
been in operation since December 2019, the result of a research 
agreement between the university and the park authority.

For each taxon, within each of the 4 sites, in addition to the 
pollen data (daily concentrations p/m3), the phenological (start, 
end and length of the pollen season) and production (API, Annual 
Pollen Integral, and peak [11] indicators, calculated as both the 
maximum daily concentration and the day of the year in which it 
occurs) according to Jäger et al. [12].

The data were subjected to Pearson’s correlation testing and 
cluster analysis, using the SPSS program [13].

Results 

The results shown in the following graphs indicate differences 
in the start day of the pollen season of the 8 taxa considered in the 
4 sampling sites (Figure 1), and the floristic array of each of the 4 
sampling sites from which the diversity of the vegetation emerges 
(Figure 2).

Figure 1: Pollen season start day for the 8 taxa considered in the 4 sampling sites.

The Pearson correlation (* = Correlation at 0.05 level 2 tailed 
and ** = Correlation at 0.01 level 2 tailed) between the daily 
pollen concentrations of the taxa considered in the 4 sampling 
sites is significant (Table 1). In confirmation of the previous one, 
the beginning and end of the pollen season are correlated with a 

specific taxon, thus indicating the seasonal trend of each taxon; 
they also correlate very well the beginning of the pollen season 
with the day of the peak, as well as the API correlates with the 
concentration of the peak day (Table 2).
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Figure 2: Floristic array in the 4 sampling sites. API (Annual Pollen Integral) is reported for each taxon.

Table 1: Person’s correlation in statistically significant for all phenological and production indicators between all 4 sampling sites.

 Subiaco RomaSUD RomaCENTRO RomaNORD

Subiaco
Pearson Correlation 1 ,584** ,361* ,522**

Signif  ,000 ,012 ,000

RomaSUD
Pearson Correlation  1 ,766** ,988**

Signif   ,000 ,000

RomaCENTRO
Pearson Correlation   1 ,730**

Signif    ,000

RomaNORD
Pearson Correlation    1

Signif     

Table 2: Pearson’s correlation between pollen season parameters, sites and taxa. The correlation is statistically significant between pollen season 
beginning and end with a specific taxon, between pollen season beginning and peak day, between API and peak concentration.

 Sito Taxon Start End Length API PEAKconc PEAKday

Sito
Pearson Correlation 1 0,000 ,050 ,098 ,025 ,112 ,113 -,001

Signif  1,000 ,785 ,594 ,893 ,543 ,537 ,995

Taxon
Pearson Correlation  1 ,496 ,579** -,126 -,101 -,102 ,241

Signif   ,004 ,001 ,494 ,582 ,580 ,184

Start
Pearson Correlation   1 ,679** -,716** -,039 -,035 ,724**

Signif    ,000 ,000 ,832 ,851 ,000

End
Pearson Correlation    1 ,027 -,122 -,136 ,739**

Signif     ,885 ,508 ,457 ,000

Length
Pearson Correlation     1 -,062 -,083 -,283

Signif      ,735 ,635 ,117

API
Pearson Correlation      1 ,988** -,197

Signif       ,000 ,280

PEAKconc
Pearson Correlation       1 -,190

Signif        ,297
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The correlation between the beginning of the pollen season 
of the 8 taxa considered in the 4 different sampling sites is also 
significant (Table 3), while there is no correlation between the 

length of the pollen seasons, not even among the 3 samplers in 
Rome (not shown).

Table 3: Person’s correlation for pollen season start day: the phenological indicator considered is statistically significant correlated between all 4 
sampling sites.

 Start Subiaco RomaNORD RomaSUD RomaCENTRO

RomaNORD

Pearson Correlation 1 ,906** ,820* ,798*

Significance(2-tailed)  ,002 ,013 ,018

N  8 8 8

RomaNORD

Pearson Correlation  1 ,951** ,832*

Significance(2-tailed)   ,000 ,010

N   8 8

RomaSUD

Pearson Correlation   1 ,921**

Significance(2-tailed)    ,001

N    8

RomaCENTRO

Pearson Correlation    1

Significance(2-tailed)     

N     

The API correlates only between the samplers of the outskirts 
of the city of ROME, in the RomaSUD and the RomaNORD (Table 
4), as well as for the maximum peak concentration, although it 

is significant among the 3 Rome samplers, it is greater among 
RomaSUD and RomaNORD (Table 5).

Table 4: Shows the Pearson’s correlation between API of each individual taxon in the 4 sites. The correlation is statistically significant only between 
RomaSUD and RomaNORD sites. 

API Subiaco RomaNORD RomaSUD RomaCENTRO

Subiaco

Pearson Correlation 1 ,411 ,435 ,109

Significance(2-tailed)  ,312 ,282 ,798

N  8 8 8

RomaNORD

Pearson Correlation  1 ,951** ,677

Significance(2-tailed)   ,000 ,065

N   8 8

RomaSUD

Pearson Correlation   1 ,694

Significance(2-tailed)    ,056

N    8

RomaCENTRO

Pearson Correlation    1

Significance(2-tailed)     

N     
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Table 5: Pearson’s correlation between maximum peak concentration in the 4 sites. The correlation is statistically significant between among the 
3 Rome samplers, it is greater among RomaSUD and RomaNORD.

PEAKconc Subiaco RomaNORD RomaSUD RomaCENTRO

RomaNORD

Pearson Correlation 1 ,333 ,320 ,122

Significance(2-tailed)  ,421 ,440 ,773

N  8 8 8

RomaNORD

Pearson Correlation  1 ,973** ,770*

Significance(2-tailed)   ,000 ,025

N   8 8

RomaSUD

Pearson Correlation   1 ,780*

Significance(2-tailed)    ,022

N    8

RomaCENTRO

Pearson Correlation    1

Significance(2-tailed)     

N     

On the other hand, the day of maximum peak the sampler 
from RomaCENTRO correlates both with RomaSUD and with 

RomaNORD, but RomaNORD and RomaSUD do not correlate with 
each other (Table 6). 

Table 6: Pearson’s correlation between maximum peak day in the 4 sites. The RomaCENTRO site statistically correlates significantly with both 
RomaSUD and RomaNORD.

PEAKday Subiaco RomaNORD RomaSUD RomaCENTRO

RomaNORD

Pearson Correlation 1 ,495 ,641 ,638

Significance(2-tailed)  ,212 ,087 ,089

N  8 8 8

RomaNORD

Pearson Correlation  1 ,634 ,847**

Significance(2-tailed)   ,092 ,008

N   8 8

RomaSUD

Pearson Correlation   1 ,902**

Significance(2-tailed)    ,002

N    8

RomaCENTRO

Pearson Correlation    1

Significance(2-tailed)     

N     

Cluster analysis was then applied, an exploratory technique to 
check whether within the samplings in the 4 different sites there 
were pollen taxa that had a similar behaviour with respect to the 
variables considered.

Cluster analysis was used for the two pairs of variables start 
vs length and start vs API, applying a hierarchical method for the 
32 cases (8 taxa for 4 sites), with the Euclidean distance index and 

the Ward’s method as an algorithm, a very efficient method that 
considers the minimum sum of squares of the distances between 
points.

In both cases, 6 distinct clusters are identified. Interesting the 
case of Platanaceae (cluster 3 -yellow) (Figure 3), characterized 
by a well-defined and rather circumscribed pollen season, and of 
Corylus sp. in Rome city (cluster 3 -yellow) (Figure 4).
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Figure 3: Cluster analysis is applied for the two pairs of variables start vs length and start vs API. 6 distinct clusters are identified.

Figure 4: Cluster analysis is applied for the two pairs of variables start vs API. 6 distinct clusters are identified.

Discussion

The aerobiological monitoring gives us a photograph inherent 
to the vegetational variety and the different bioclimatic location.

The Pearson correlation value we can affirm that the trend of 
the pollen season of the pollen taxa is quite homogeneous in the 4 
sites and reflects the phenology of the species (Table 1 & 2). 

It is as if RomaCENTRO had middle conditions between the 
other two sites in Rome. The climate of urban centres is still 
subject to modifications which include the increase in the average 
temperature, the decrease of relative humidity and air circulation; 

this determines an overall warmer and drier phenomenon, a 
known as “urban island Heat” [14]; This urban island Heat forms 
frequently, causing thermal differences between the territories of 
cities and suburban or open spaces. Within the city the intensity of 
these variations increases from the periphery towards the centre 
and is related to the density of the buildings and the percentage of 
land covered by vegetation [15].

The environmental conditions, such as the distance of the 
Monitoring Station from the source of pollen or the abundance of 
taxa in the vegetation local/regional [16,17] strongly modify the 
parameters of the main pollen season. 
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Furthermore, the flora of the city of Rome has a high anthropic 
component: in the first half of the 1900s many trees were planted 
in the new restructuring of the city, for example, plane trees, along 
roadsides, pines soon to become a symbol of city, oaks, cypresses, 
oleanders and laurels. These species however cannot be used as 
bioindicators for Rome itself since they are not originally native 
to the city. The present-day vegetation is very complex and varied 
and includes plant communities belonging to different vegetation 
series. Pastures, abandoned fields and uncultivated land are still 
the most common type of greenery around Rome.

The territory of Subiaco, on the other hand, is characterized 
by abundant rainfall which justifies the presence of a rich flora 
and vegetation heritage; the climate is affected by the particular 
geographic location of the mountain massif, which constitutes 
a transversal barrier to the western winds coming from the 
Tyrrhenian Sea, often associated with perturbations of Atlantic 
origin; it is precisely the action of the winds that is responsible 
for the quality and quantity of atmospheric precipitation [18]. 
Temperatures are on average 5-6°C lower than in the city of Rome.

The spectral composition of the pollen in the atmosphere can 
of course also be conditioned by biological material coming from 
remote areas [19].

Conclusion

Aerobiological monitoring is a useful tool for the description 
of plant biodiversity in natural and anthropized environments. 
In this study the measurement of pollen concentrations in the 
air of 8 pollen taxa, sampled in 4 different sites, three in the 
territory of the municipality of Rome and one in the municipality 
of Subiaco (in the Simbruini Mountains Regional Natural Park) 
was used to characterize the vegetation of these the different 
locations through the differences in the pollen season and in the 
Annual Pollen Integral of the considered taxa. From the analysis 
of Pearson’s correlation between the variables relating to pollen 
indicators, the climatic-vegetational difference between the two 
environments can be deduced, that of the city of Rome which 
is more covered by artificial surfaces (represented by the 3 
samplers RomaSUD, RomaNORD and RomaCENTRO) and that of 
Subiaco. The cluster analysis, on the other hand, shows similarity 
between the RomaNORD and Subiaco sites, characterized by the 
presence of deciduous forests. This work is a preliminary study 
that highlighted the use of airborne pollen as bioindicator: there 
is a certain similarity in the pollen season trend of the various 
taxa among all the aerobiological stations of the metropolitan 
area of Rome, while delineating diversity of pollen species in 
line with the phytoclimatic characteristics described in the 
map of potential (https://geoportale.cittametropolitanaroma.
it/index.php/bdv/serie-di-vegetazione-e-qualita-ambientale/
vegetazione-naturale-potenziale) [20] and real vegetation. The 
influence of weather-climatic conditions on the trend of pollen 
indicators, both phenological and productivity is now [6,21,22]; 

therefore, the next step will be to proceed with statistical analysis 
of correlation between more numerous pollen indicators of taxa 
and meteorological variables to detect the bioclimatic position of 
the monitoring stations.

This is a first contribution for the classification of the type of 
monitoring stations, from a geographical-environmental point of 
view [23,24]. 
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