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Abstract Parietaria judaica (Urticaceae) grows abundantly
in urban areas of the Mediterranean region. Its pollen is a
major allergy source. We studied the species’ distribution and
abundance in and around Thessaloniki (Greece), pollen
production and pollen season. We also examined how urban
pollution affects pollen viability. Our ultimate goal was to
obtain an estimate of the species’ performance and ability
to expand under different environmental conditions related to
climate change. We mapped P. judaica and the other
Urticaceae species. In a north- and a south-facing population,
we recorded the progress of P. judaica flowering and
estimated the pollen content per flower, shoot and surface
unit. We concurrently assessed atmospheric circulation of
Urticaceae pollen. We estimated P. judaica pollen viability
and Cu, Pb and Zn concentrations in plants collected from
sites differing in traffic intensity. P. judaica is the most
abundant Urticaceae species in the area; its occurrence has
increased dramatically over the last 100 years. Production of
flowers is intense in spring and autumn. Flowering started
12 days earlier in the south-facing population in spring, and
3 days later in autumn. Pollen production was higher in
spring and in the south-facing population. Flower and pollen

production were positively correlated with the size of the
plant and the flower, respectively. Copper and lead
concentrations in plants were positively correlated with
pollen viability, which was higher for plants collected
from high-traffic sites. P. judaica has a high phenotypic
plasticity; this is a feature that promotes success of
expansive and invasive species. It is also well adapted to
warm and polluted urban environments. The climatic change
forecast for the Mediterranean region could provoke earlier,
longer, and more pronounced flowering and, consequently,
more P. judaica pollen in the air. In return, this would result
in increased severity of Parietaria pollinosis.
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Introduction

Parietaria judaica (wall-pellitory) is a wind-pollinated
ruderal species of the Urticaceae family growing abundantly
in places extensively disturbed byman throughout urban areas
of the Mediterranean region (Sukopp 2002; Woodell 1979).
Urban weeds of this family are known to trigger allergies
(Gadermaier et al. 2004). Parietaria judaica pollen, in
particular, elicits severe pollinosis in Europe (Cosmes Martín
et al. 2005; Geller-Bernstein et al. 2002; Loureiro et al.
2005); in some Mediterranean regions, like southern Italy
and coastal Spain, it is the most important cause of allergies
(D’ Amato et al. 1992). In Thessaloniki, the second largest
city of Greece, Parietaria ranks fourth after Poaceae,
Oleaceae and Chenopodiaceae in inducing allergic responses
by skin prick tests: in a sample of 1,311 patients with
respiratory allergy symptoms, 15.3% were sensitive to its
pollen (Gioulekas et al. 2004a). Ranked by pollen allergenic
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properties and pollen concentration, respectively, Parietaria
matches Urticaceae fairly well. In the air of Thessaloniki,
pollen concentration of this family ranks third after
Cupressaceae and Quercus spp.; in addition, analysis of
a 20-year pollen time-series showed a significant trend
towards increased Urticaceae pollen in the air of the city
(Damialis et al. 2007).

Atmospheric pollen concentration is the result of pollen
emission, which in turn is a function of various factors.
Pollen released in a given area can be estimated on the basis
of the amount of pollen produced per anther, the number of
anthers per flower, the number of flowers per plant, the
plant density, and the length of the flowering time. Several
environmental factors affect these variables (Beri and
Anand 1971; Mondal and Mandal 1998; Prieto-Baena
2003); among these are global climate change components,
such as carbon dioxide concentration, temperature, and
ultraviolet-B radiation, to which plant reproduction and
hence pollen yield is highly vulnerable (Koti et al. 2005;
Rogers et al. 2006). It is generally accepted that the
production capacity of an anther is genetically fixed
(Stanley and Linskens 1974; Subba-Reddi and Reddi
1986), but this is not always the case. Etterson and
Galloway (2002) reported that Campanula americana
grown under intense light produces more pollen grains per
flower than when grown under low light, whereas the
number of anthers per flower remains invariable. Also, de
Vries (1971) remarked that if light is deficient during the
stages of meiosis and subsequent formation of tetrads and
mononuclear pollen grains in wheat, much less pollen is
produced per anther than when deficient in other stages. Αt
the level of the individual, production may vary considerably
from year to year (Stanley and Linskens 1974).

Photoperiod, air temperature and relative humidity are
regarded as the primary triggers of phenological events
for temperate, boreal, and Mediterranean plants (Zhang
et al. 2004). Changes in crucial abiotic factors may affect
the plants’ reproductive output, either directly or indirectly
via affecting the reproductive season. Various factors
affect pollen viability, with pollution being one of them.
Heavy metal pollution is known to be high in urban areas
(Aksoy et al. 1999; Harrison and Williams 1982; Sanka et
al. 1995; Tomasevic et al. 2004), with the concentration of
some elements, like lead, cadmium and zinc, declining
with distance from road traffic (Fatoki 2003; Sanka et al.
1995). Dry hygroscopic pollen absorbs atmospheric water
and pollutants dissolved in water droplets (Wolters and
Martens 1987). Several studies have shown the detrimental
effect of pollutants on pollen viability for both woody
(Comtois and Schemenauer 1991; Gottardini et al. 2004)
and herbaceous (Iannotti et al. 2000) species, but P. judaica
pollen is found to be highly viable in polluted sites (Iannotti
et al. 2000).

The ability of P. judaica to expand its range (Bass and
Bass 1990) and its importance as a source of allergy clearly
make the species deserving of careful attention in a time of
changing climate. Therefore, we undertook: (1) to study P.
judaica distribution and abundance in and around the city of
Thessaloniki and to compare it with that in the past, (2) to
examine the phenology of flowering and pollen production
of two populations in the centre of the city that differ in
exposure (north- and south-facing) so as to have a measure
of the species’ plasticity with respect to these features, (3) to
compare the phenology of flowering of P. judaica with the
atmospheric circulation pattern of Urticaceae pollen, and (4)
to examine how urban pollution affects pollen viability. The
ultimate goal of our research was to have an estimate of this
species’ performance and ability to expand under different
environmental conditions related with climate change, thus
providing a basis from which to forecast future severity of
Parietaria judaica pollinosis.

Materials and methods

Site and species description

Thessaloniki, the second largest city in Greece, is located in
the Aegean Sea (40°37′N, 22°57′E) to the north of
Thermaikos Gulf. It has a Mediterranean-type climate,
characterised by warm and dry summers and wet and rather
mild winters.

Parietaria judaica L. is a wind-pollinated perennial herb.
It can grow in shaded, ruderal communities and nitrophilous
skirts, at river banks, in watered orchards, as well as in wall-
fissures (Dietmar 1998). It has an extended flowering period
and reproduces both sexually and vegetatively. Individual
plants consist of many shoots emerging from a common
rootstock. Each inflorescence consists of a central female
flower surrounded by three to six hermaphrodite flowers.
The stamens are bent inward in the floral bud; they spring
violently upward and bend out of the flower when mature,
ejecting the loose and powdery pollen as a little cloud to the
ambient air (Airy Shaw and Willis 1973). Self-compatibility
is reported for this species (Franchi et al. 2007).

Distribution and abundance of Urticaceae in and around
Thessaloniki

All Urticaceae species found in Thessaloniki seem to
occupy similar habitats; these are man-made or influenced
by human activities, and include habitats like vacant lots,
roadsides, open and green areas, walls and pavement
cracks, railway tracks, tree-bases and rubble (Krigas and
Kokkini 2005). To estimate the distribution of P. judaica in
relation to other members of Urticaceae in and around the
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city, we made use of a detailed study on the vascular flora
of the metropolitan area of Thessaloniki (Krigas 2004;
Krigas and Kokkini 2004, 2005). In that study, 26 sampling
sites were chosen located in four sectors, A, B, C and D
(Fig. 1). Following Sukopp et al. (1980) and Wittig et al.
(1993), these sectors were designated on the basis of older
maps illustrating the growth of the city during past
centuries (Krigas 2004). The historic centre, delimited by
Byzantine Walls, is designated as sector A; it covers an area
of approximately 450 ha and had ca. 90,000 inhabitants in
1880. Sectors B and C represent the urban expansion
around the 1920s; at that time, the urban centre covered ca.
2,000 ha and had ca. 280,000 inhabitants. The third recent
expansion of the city occurred after the 1990s, with the
sprawl of sectors B and C and the development of satellite
settlements in sector D; this has resulted in a rather
continuous, densely urbanised area of ca. 6,100 ha and
>800,000 inhabitants, roughly delimited nowadays by the
ring-road of the city (Figs. 1, 2).

Four Urticaceae species are found in the metropolitan area
of Thessaloniki (Krigas 2004; Krigas and Kokkini 2004,
2005): Parietaria judaica, Urtica dioica L., U. pilulifera L.
and U. urens L. Data from a floristic study of the city (Krigas
2004) allowed us to create dot maps representing the
frequency of occurrence and the relative abundance of the
Urticaceae species in the sampling sites. However, for P.
judaica, we conducted a further, more detailed, study. More
specifically, we divided the study area into 10×11 equal
squares of 2.25 km2 each (Fig. 2). We visited the whole
territory of all squares/cells of this grid by following the road
networks within them, we made observations in each of the
four quarters of every cell, thus estimating species occur-
rence and abundance, and scored each cell accordingly.

Depending on the species’ population features, sampling
sites were scored after a five-point, semi-quantitative scale
that uses four criteria: (1) the effort needed to locate the
species, (2) the approximate number of individuals present
(defined here as clusters of spreading and/or ascending

Fig. 1 Current distribution and
relative abundance of Urtica
pilulifera, U. urens, U. dioica
and Parietaria judaica, in the
area of Thessaloniki, in northern
Greece, across sectors A, B, C,
D, which represent different
stages of the city expansion after
1880 (from older to newer). On
the P. judaica map, the location
of the pollen trap is marked
with a black rectangle and
the sampling sites for metal
concentration and pollen
viability are marked with
triangles; black triangle
Monastiriou Street, grey triangle
Venizelou Street, white triangle
suburban area, the striped
triangle Aghia Sophia Square,
tiled triangle Zoo area. Abun-
dance scores within circles: 0
absent, I rare to present, II
occasional to frequent, III
common to abundant, IV very
common to dominant; for more
information on scores see
Table 1. For information on the
sampling sites, see Table 3
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flowering shoots), (3) the relative surface occupied by the
individuals, and (4) the relative abundance compared to the
other co-occurring species (dominance; Table 1). This is a
modification of the scoring system, which was used for
floristic and/or vegetation surveys of several cities in
Germany (Wittig et al. 1993), and for the floristic survey
of Thessaloniki (Krigas 2004; Krigas and Kokkini 2004,
2005). This method seems able to reduce the subjectivity of
empirical observations (Wittig et al. 1993), to supplement
the commonly used Braun-Blanquet (1983) method that is
applied in numerous phytosociological studies, and to

establish an equivalence of qualitative descriptions (e.g.
rare, frequent, common) with quantitative data.

Information exists on the past distribution of plant
species in and around Thessaloniki (for a review, see
Krigas 2004), against which the current distribution of P.
judaica can be compared. To do so (1) former names and
localities of collection sites in the study area were
identified, and (2) qualitative descriptions and Braun-
Blanquet scores applied by previous researchers were used
to score the sampling sites after Wittig’s modified scale
(Table 2).

Fig. 2 Current distribution and
relative abundance of P. judaica,
at a scale finer than that in
Fig. 1, in a grid of 10×11 units
of 2.25 km2 each, across urban
development sectors A–D,
which represent different stages
of the city expansion after 1880
(from older to newer). Abun-
dance scores within circles: 0
absent, I rare to present, II
occasional to frequent, III
common to abundant, IV very
common to dominant (see
Table 1)

Table 1 Semi-quantitative, modified, five-level scale (Wittig 1993;
0 = absence) for the description of Urticaceae representatives in
Thessaloniki, noting equivalence with Braun-Blanquet scores as used

by Oberdorfer (1954), and empirical qualitative descriptions of
occurrence and/or abundance as described by Charell (1891–1892)
alias Nadji (1892) and Zaganiaris (1939, 1940)

Scale scores (equivalence to qualitative
descriptions) (Braun-Blanquet scores)a

Criteria

Difficulty
in locating

Approximate
number of
individuals

Relative surface occupied by individuals Dominance

Ι (rare to present) (+.1, +. 2 or 1.1, 1.2) High A few A few, small, scattered spots or singly
growing individuals

No

ΙΙ (occasional to frequent) (1.3, 1.4, 2.1, 2.2,
2.3)

Medium Dozens up to a few
hundred

A few, rather large patches, several medium-
size patches or many small spots

Only in a few
areas

ΙΙΙ (common to abundant) (2.4, 3.1, 3.2, 3.3) Low Several hundred Several large patches In several areas

ΙV (very common to dominant) (3.4, 3.5, 4.3,
4.4, 4.5)

None Many hundreds up
to thousands

Extensive patches covering at least 30% of
the sampled area

Almost
everywhere

a For scoring system, see Braun-Blanquet (1983)
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Phenology of flowering

In 2005, we studied the flowering phenology of a north-
and a south-facing population of P. judaica. These
populations were chosen in the centre of the city, where
the species is most abundant; each occupied a narrow band
adjacent to a hedgerow. The two populations were
monitored throughout the year, every 2–3 weeks, and more
frequently, every 5 days, in spring and autumn. On each
sampling occasion and for each population, we observed 45
shoots randomly chosen across the study area; these
correspond to approximately 5% of the population size.
We estimated the percentage of open hermaphrodite flowers
carried by these shoots using a method equivalent to the
Braun-Blanquet (1983) method for estimating plant cover.
To cross-validate this method, in our first spring sampling,
we counted separately all hermaphrodite flowers that were
in bloom or not in ten shoots. The percentage of flowers in
bloom estimated by this fine, but time-consuming, method
was compared with that estimated by the rapid Braun-
Blanquet equivalent method; the estimated value deviated
from the measured value by less than 25%. We considered
this a fairly good match and, therefore, we made use of the
rapid method in all subsequent samplings.

Pollen production

We studied pollen production for the same two populations
for which we studied phenology of flowering. We estimated

pollen production at three stages: at full blossom, in both
spring and autumn, and in the beginning of flowering in
autumn. The floral unit that we used for the extraction of
pollen was the flower. For each sampling event, we randomly
collected 30 individual shoots from each population. Three
mature and indehiscent hermaphrodite flowers were sampled
from each shoot, thus making a total of 180 flowers for the
two populations at each sampling time.

One of the problems encountered in pollen counting
is the difficulty in bringing the pollen into uniform
suspension. This is because pollen grains tend to clump
due to the pollenkitt (or pollen coat) and pollen surface
charges (Shivanna and Rangaswamy 1992). Despite
reports that pollenkitt is absent from the pollen surface
of strictly or primarily anemophilous taxa, such as those of
Urticaceae, and specifically the anemophilous Parietaria
(Pacini and Hesse 2005), pollen clumps were present in P.
judaica samples.

To extract pollen grains, we put each flower sampled
into a 10% ΚΟΗ solution (300 μl) that we further boiled for
15 min to break up plant tissues and release pollen grains
(Faegri and Iversen 1989; Moore et al. 1991). To eliminate
pollen clumping and avoid miscalculations, we added a
bipolar solvent—glycerol 70%—to a final volume of
600 μl, and stained the pollen grains with saffranine.
Preliminary applications of hexane/cyclohexane, as sug-
gested by Shivanna and Rangaswamy (1992), of ethyl
alcohol (Guardia and Belmonte 2004) or other alcohols at
varying concentrations, all resulted in pollen clumping;

Table 2 Past and current state of Parietaria judaica populations in 16 repeatedly sampled sites of the metropolitan area of Thessaloniki. For
definition of scores, see Table 1. For location of sites, see Fig. 1. Rel. Specific sampling unit defined by Oberdorfer (1954)

Source of information for past distribution Surveyed site (as described by the authors) Location Score (modified Wittig scale)

Past Present

Charrel (1891–1892) Salonicae Cells E4-F4-F5 I III or IV

Nadji (1892) 1 heure de Salonique Sectors B-C-D I II or III

Zaganiaris (1940) Eptapyrgion Cell F3 I IV

Zaganiaris (1940) Thessaloniki Sectors B-C-D I II or III

Oberdorfer (1954, Rel. 118) Ag. Paylos Cell G4 I III

Oberdorfer (1954, Rel. 59) Acropoli Cell F3 III IV

Oberdorfer (1954, Rel. 59a) Evraika Cell F5 III IV

Oberdorfer (1954, Rel. 1a) Thessaloniki Sectors B-C-D III III

Oberdorfer (1954, Rel. 338) Acropoli Cell F3 I IV

Oberdorfer (1954, Rel. 344) Pantheon Cell F5 I III

Oberdorfer (1954, Rel. 461a) Evraika Cell F5 I III

Oberdorfer (1954, Rel. 125) Bogatsikou Cell F5 I III

Oberdorfer (1954, Rel. 385) Ag. Sofia Cell F5 I III

Oberdorfer (1954, Rel. 413) Lefkos Pyrgos Cell F5 I III

Oberdorfer (1954, Rel. 364) Kamara Cell F5 I III

Oberdorfer (1954, Rel. 295) Ag. Sofia Cell F5 I III
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concentrations of glycerol higher than 70% were no good
either as they resulted in pollen burst. Samples for
microscopic observations were taken while shaking the
pollen suspension vigorously with a Vortex mixer to avoid
the pollen sinking. We took three sub-samples per flower
(6 μl each) and placed them on microscope slides under
cover slips. All pollen grains were counted at ×100
magnification. To calculate pollen yield per flower, we
multiplied the average number of pollen grains in the three
sub-samples by the dilution factor (×100). To estimate
pollen yield per anther, we divided the pollen yield per
flower by four, which is the number of anthers carried by P.
judaica flowers.

For the spring and autumn full blossom samplings, we
measured the length of 30 of the shoots sampled as well as
the corolla width of the flowers that we used for pollen
extraction. By multiplying pollen production per flower by
the average number of hermaphrodite flowers per shoot, we
could estimate pollen production per shoot. Pollen yield at
higher levels took into consideration the density of shoots
and individuals in the study area and the average number of
shoots per individual. For this reason, in both the spring
and autumn samplings, we also counted all P. judaica
shoots in the two populations studied and the approximate
number of shoots per rootstock; this was only a rough
estimate as individuals cannot be easily distinguished
simply on the basis of their aboveground parts.

Collection of airborne pollen

Airborne pollen of Urticaceae species in Thessaloniki was
collected by use of a 7-day recording Burkard volumetric
trap (Burkard, Rickmansworth, UK), located at about 30 m
above ground level. The trap is equipped with a vacuum
pump drawing 10 l min−1 air through a thin orifice. Pollen
and other particles are trapped on an adhesive-coated
(Burkard gelvatol) transparent plastic tape (Melinex),
supported on a clockwork-driven drum, which moves at a
speed of 2 mm h−1 and makes a complete revolution in a
week. The tape is then removed and cut into seven equal
sections, each representing a day of sampling. The tape
sections are stained with a solution of saffranine, gelatine,
glycerol and phenol, and are mounted on microscope slides.
Identification and counting of pollen grains were performed
under a light microscope (Krüss, Optronic) at a magnification
of ×400 (British Aerobiology Federation 1995). Under the
optical microscope, P. judaica pollen cannot be distinguished
from that of other Urticaceae species.

Heavy metal concentration and pollen viability

When P. judaica was in full blossom, we randomly
harvested the upper shoot parts (including leaves and

flowers) from populations in five sites differing in traffic
intensity; in three of these sites (Table 3), sampling was
performed in both spring and autumn, whereas in the other
two, only in spring. Parietaria pollen is partially hydrated;
as a result, it loses water and dies quickly if kept in a dry
environment (Franchi et al. 2007). For this reason, we
stored samples at 3–5°C; preliminary experiments showed a
decrease in viability upon storage at lower temperatures.

To estimate pollen viability, we performed the TTC test
(2,3,5-triphenyltetrazolium chloride) under high humidity
conditions (>95%; Shivanna and Rangaswamy 1992). With
a needle, we broke the anthers of flowers from different
shoots and transferred the pollen released onto microscope
slides under cover slips, after adding a few drops (3–4) of a
0.5% TTC in 10% sucrose solution, which prevents pollen
grains from bursting (Shivanna and Rangaswamy 1992).
The microscope slides were placed on wet cotton pieces,
wrapped with aluminum foil and kept in the dark for about
2 h. Pollen grains were counted under the microscope at
×100 magnification; those stained red were considered
viable.

We determined copper (Cu), zinc (Zn) and lead (Pb) in the
plant material collected from the five sites. To measure the
concentration of these heavy metals, the P. judaica upper
shoots sampled were furnace-dried at 80°C for 12 h and
ground to dust (Alaimo et al. 2005; Sawidis et al. 1995). For
the digestion of plant material, we put 1 g dry weight of the
ground tissues in an open quartz tube, to which we added
8 ml concentrated HNO3 (pro analysi, Merck, Darmstadt,
Germany). The mixture was left at room temperature
overnight, warmed at 50°C for 2 h and heated at 180°C for
4 h. The solution was filtered through Whatman 589/2 filters
and the filtrate was diluted to a volume of 25 ml with double
de-ionized water. There were three replicates for each
sampling site and sampling time. Copper, lead and zinc in
the final solution were determined in an atomic absorption
spectrometer (Perkin Elmer 2380, Boston, MA) coupled with
a HGA-400 graphite furnace controller, at 324.8 nm,
283.3 nm, and 213.8 nm, respectively.

Data analysis

Modeling flowering phenology

We fitted a logistic model to the flowering phenology data.
In this model, each flower is assumed to be open or not
according to a time-dependent probability (Pt) given by the
equation:

Pt ¼ 1

1þ e�bðt�t0Þ ð1Þ

This probability rises from zero to unity with the passage
of time, t. In this equation, t0 is the changeover time, when
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the probability of a flower having opened is 50%. The
constant β is a measure of how fast this changeover
happens and is related to the maximum slope m of pt, which
occurs at t0, as follows:

b ¼ 4m ð2Þ
The model can be used to describe the flowering process

and to test hypotheses. Specifically, we used it to test
whether there is a time difference in the flowering of the
two populations (north- and south-facing). For this, we
fitted Eq. 1 to the flowering phenology curves (Fig. 3) and
estimated the two parameters, β and t0, separately. We

estimated β for each of the four sets (two populations, two
flowering periods) by finding the maximum slope of the
flowering curve and using Eq. 2 above. As this rate of
change does not exhibit any compelling pattern, in
subsequent calculations we used the average value from
all four sets. For the flowering changeover time, t0, we
found the value that minimised the squared distance
between the model and the data. The null hypothesis is
that the flowering curves of the north- and the south-facing
populations are instances of the same distribution and that,
whatever differences are observed between them, they are
due to chance alone. For the null hypothesis, we used a

Location Sampling site Road traffic intensity

City centre 1. Venizelou Street (VS) Highest in the city

2. Aghia Sophia Square (AS) Medium

Commercial-industrial area 3. Monastiriou Street (MS) High

Away from the city centre 4. Zoo Area (ZA) Low

5. Suburban Area (SU) Low

Table 3 Sampling sites for the
estimation of heavy metal con-
centration and pollen viability.
Classification of sites after their
traffic load is based on Savvai-
dis and Lakakis (2002); for
location of sites, see Fig. 1

Fig. 3 Flowering phenology
patterns of two P. judaica
populations (north- and
south-facing) during the
flowering periods of spring (a)
and autumn (b). Filled circles
Data associated with south-
facing populations, triangles
north-facing populations, grey
lines corresponding fitted
logistic models. (c) Atmospheric
Urticaceae pollen concentration
(5-day moving average)
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logistic curve based on the average t0 for a given season
(spring or autumn). In order to test whether the two
populations differ significantly, we used as a test statistic
the maximum difference between the flowering curves of
the north- and south-facing populations over the 12 weeks
of the measurements. By using the model of flowering
behaviour for 45 shoots, under the null hypothesis,
Monte-Carlo replicates of the flowering curves for the
north- and south-facing populations can be generated. A
total of 10,000 pairs of replicate curves were generated
and the maximum difference was found in each case.
This gave us a distribution for the test statistic, D, under
the null hypothesis. The significance of the real difference
depends upon its rank in the distribution of the test
statistic (Manly 1997).

Pollen and flower production

To detect possible differences in pollen production per
flower and also in flower and pollen production per shoot
(dependent variables), we performed analysis of covariance
(ANCOVA), with exposure and sampling time being the
categorical predictors, and flower size and shoot length
(respectively, for each analysis) being the covariates. All
analyses were further checked for covariance using the
Bonferroni test. We finally regressed linearly (general linear
models, simple regression) pollen production per flower
against corolla width. Raw data were used in all cases, after
estimating the residuals for both raw values and logarithms.

Pollen viability—heavy metal concentration

We checked for differences in pollen viability between sites
and samplings events with analysis of covariance
(ANCOVA); we further checked for covariance using the
Bonferroni test. Also, we examined the relationship
between pollen viability and heavy metal concentration
using general linear models and simple regression analysis.

Results

Distribution and abundance of Urticaceae in and around
Thessaloniki

As shown in Fig. 1, P. judaica occurs almost everywhere
(24/26 sampling sites) in the metropolitan area of Thessa-
loniki; it is by far the most frequent and abundant
Urticaceae species in the urban agglomeration (sectors A,
B, C), whereas in the suburban area (sector D), it is more
equally frequent and abundant with other species of the
family. In contrast, Urtica dioica was found in only six
sites, in the fringe area and in the suburban part (sector D),

and thus has the lowest representation. In the city centre
(sector A), P. judaica forms extensive patches with its
populations scoring IV. In sectors B and C, it is almost
twice as frequent as any of the other Urticaceae species. In
the suburban area (sector D), P. judaica appears almost as
often as U. pilulifera or U. urens (in six, seven and five
sites, respectively); the three species form scattered pop-
ulations of almost equivalent size.

The fine-scale mapping conducted exclusively for P.
judaica (Fig. 2) shows that this species is present in at least
47 grid cells (of 2.25 km2 each). We have estimated that 29
of these cells contain up to a few hundred individuals each
(score II). Another 15 cells contain up to several hundred
individuals each (score III), whereas the remaining 3 grid
cells (E5, F4, F5 in Fig. 2b) contain many hundreds up to
thousands of individuals (score IV). On the basis of our
calculations, we can roughly estimate a total of 13,500–
45,000 P. judaica individuals in the mapping area of
100 km2, which corresponds to a density of 135–450
individuals per km2. In the two populations in the centre of
the city that we studied in detail (north- and south-facing),
there were 170 and 130 shoots per m2, in spring and
autumn, respectively. As the estimated number of shoots
per individual rootstock was 10–20, these correspond
roughly to a range of 6–17 individuals per square metre.

Flowering phenology and pollen season

P. judaica was in bloom throughout almost the entire
year. Nevertheless, two main flowering periods could be
distinguished when flowering was more intense: in spring
(mid-April to June) and in autumn (end-September to
November). The flowering phenology patterns of the two
populations (north- and south-facing) during the two flower-
ing periods are shown in Fig. 3a,b; curves produced with the
data collected and the logistic models fitted to them are
given. The values of parameters t0 and β, being measures of
the flowering time and the time required for flowers to open,
respectively, for the observed data and the model, and the
test statistics and the associated P-values are given in Table 4.
We found the average value of the parameter β to be 0.333.
Given this value for β, values for t0 were found by
minimizing the least-square-difference between the model
Eq. 1 and the data. A pronounced difference between the two
populations can be seen in spring (Fig. 3a, Table 4). The
flowering time for the southern population arrived fully
12 days before that for the northern population; this
difference is highly significant (P<0.001; Table 4). For the
autumn season, the difference in flowering time was only
3 days, but it was the north-facing population that started to
flower first (P<0.05; Fig. 3b, Table 4).

In 2005, Urticaceae pollen was present in the air of
Thessaloniki from end-March to early-November (Fig. 3c).
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Nevertheless, the main pollen season had a much shorter
duration: from the beginning of April to the end of May,
peaking at the end of April. The spring pattern of
atmospheric pollen circulation of the family matches fairly
well the phenology pattern of P. judaica, the most abundant
Urticaceae species in Thessaloniki (Fig. 3a). However, in
autumn, the amount of Urticaceae pollen in the air is low
(Fig. 3c), despite the concurrent flowering and pollen
production of P. judaica (Fig. 3b).

Flower production

Covariance analysis showed that exposure, shoot length
and the interaction of exposure and sampling period, but
not the sampling period per se, had significant effects on
per shoot flower production (P<0.001). P. judaica shoots
were taller in spring (Fig. 4), but there was no difference

among populations in either of the flowering periods. The
southern population produced more flowers than the
northern population in both spring and autumn mid-
flowering seasons (Fig. 5).

Pollen production

Covariance analysis showed that exposure, flower size, and
the interaction of exposure and sampling period, but not the
sampling period per se, had significant effects on per flower
pollen production (P<0.001). The highest value recorded
was in the south-facing population in spring (Fig. 6). Pollen
production increased with flower size (Fig. 7); the latter
differed between seasons, being larger in spring (Fig. 8).

At the shoot level, pollen production of the south-facing
P. judaica population was considerably higher than that of
the north-facing population. Values for both populations

Table 4 Parameters for the observed flowering phenology data of two P. judaica populations, the logistic model fitted to these data, and the
associated statistics

Flowering season Population Parameters Maximum difference
(test statistic)

P

Observed data Null model

β (days-1) t0 (days) β (days-1) t0 (days)

Spring N-facing 0.47 18.00 0.33 12.05 0.76 <0.001

S-facing 0.25 6.10

Autumn N-facing 0.37 22.03 0.33 23.60 0.25 0.013

S-facing 0.32 25.17

Fig. 5 Average pollen production per flower (± standard error) for
two P. judaica populations (north- and south-facing) in three sampling
periods (mid-flowering season in spring and autumn, early flowering
season in autumn); means followed by the same letters are not
significantly different at P<0.05

Fig. 4 Average shoot length (± standard error) for two P. judaica
populations (north- and south-facing) in three sampling periods (mid-
flowering season in spring and autumn, early flowering season in
autumn); means followed by the same letters are not significantly
different at P<0.05
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were low in autumn—even lower than the spring value of
the north-facing population (Table 5). Similarly, pollen
production per surface unit (m2) was maximal in the south-
facing population in spring, and minimal in the north-facing
population in autumn (Table 5). On the basis of the pollen
yield per shoot, the number of shoots per individual, and
the number of individuals per unit surface, we can make a
rough estimate of total production in the whole study area.
To do so, we used the following equation: pollen
production per km2 = (average pollen production per shoot)
× (average number of shoots per km2). Given the results in
Table 5 and the number of shoots per m2 ranging from 130

to 170, we estimated that the total pollen production ranged
from 1.5×1013 to 4.0×1016 grains per km2.

Pollen viability and heavy metal concentration in plant
tissues

Viability of P. judaica pollen differed significantly among
sampling sites (Fig. 9), taking maximum values where
traffic intensity, and hence road pollution, was high; it did
not differ between seasons at the same site.

There were significant differences of zinc, copper, and lead
concentrations in plant tissues among populations. In general,
metal concentrations were high in plants collected from sites
with high traffic intensity (Fig. 10), with maximum values
found in plants from the Monastiriou site in spring. Pollen
viability and metal concentration were positively correlated;
this holds true for copper (R2=0.81, P<0.01) and for lead
(R2=0.55, P<0.05), but not for zinc.

Discussion

Expansive ability of P. judaica

The first information on the presence of P. judaica in
Thessaloniki was given by Charell (1891–1892) alias Nadji
(1892) at the turn of the nineteenth century. He reported this
species (as P. judaica L. var. brevipetiolata Boiss.) as being
present both in the urban area of his time and in the
suburbs. Τhis author provides specific information on the
commonness, abundance, frequency or rarity for 170 plant

Fig. 8 Average flower size (± standard error) for two P. judaica
populations (north- and south-facing) in the mid-flowering seasons of
spring and autumn; means followed by the same letters are not
significantly different at P<0.05

Fig. 7 Results of linear regression analysis between the number of
pollen grains per flower and flower size. The equation of the
regression and P and R2 values are given

Fig. 6 Average number of pollen grains per flower (± standard error)
for two P. judaica populations (north- and south-facing) in three
sampling periods (mid-flowering season in spring and autumn, early
flowering season in autumn); means followed by the same letters are
not significantly different at P<0.05

44 Int J Biometeorol (2011) 55:35–50



taxa corresponding to 47.5% of his floristic records;
nevertheless P. judaica is reported as merely “present” or
“occasional” (never as “dominant”, “common” or “frequent”).
Such descriptions correspond to scores I and occasionally II
according to the five-point scoring system (see Tables 1, 2) for
the sites where he sampled the species. Later, Halácsy (1906)
and Turrill (1918, 1920) provided no further information on
P. judaica, as they were interested primarily in adding new
floristic records for the area (Turrill 1920). Before the start of
the Second World War, Zaganiaris (1940) reported P. judaica
as merely “present” in the urban and suburban area of
Thessaloniki and did not include it in his extensive survey of
weeds in the same area (Zaganiaris 1939), in which there
was an indication of local abundance or rarity for almost
every species assigned as a weed. Comparison of the areas
sampled by the above researchers, and also by Oberdorfer
(1954) and Krigas (2004), showed that the abundance of P.
judaica has increased noticeably in 15 of the 16 commonly
sampled areas; in most cases, the current scores after Wittig’s
modified scale are at least two orders of magnitude higher
than the corresponding scores in the past (Fig. 2, Table 2).

As past and present data for P. judaica abundance were
of different types, to compare them we had to find a
common system. For this reason, we transformed the past
data by making use of the approach of Wittig et al. (1993).
In situations where the resolution required is very fine, such
an instrument may be of limited use. However, in a
situation such as ours, where we are looking for broad
shifts, this is an invaluable instrument providing a crucial
quantitative perspective.

Based on the above, we argue for the existence of a
noticeable expansion of P. judaica in the study area: from
relatively few score-I and occasional score-II populations in
the 1880s (Charrel 1891–1892; Nadji 1892), to many score-
I and occasional score-III populations, in the first half of the
twentieth century (Oberdofer 1954; Zaganiaris 1939, 1940),
to nowadays numerous and extensive score-II, -III and -IV
populations. The expansive ability of the ruderal P. judaica
seems to coincide with the expansion of the urban fabric of
Thessaloniki during the decades following the Second
World War (Fig. 2). Only then did P. judaica start to
establish large populations in the city centre, thus becoming

Table 5 Range of pollen production values (minima andmaxima) for a north- and a south-facing population of P. judaica in spring and autumn at the level
of flower, shoot, and area; average values are also given for number of pollen grains per shoot (± standard error) and number of shoots per square metre

Parameter Statistic Spring Autumn

South North South North

No. pollen grains per flower Min 1850 2125 493 450

Max 0.31×106 0.17×106 0.23×106 0.16×106

No. flowers per shoot Min 44 28 12 13

Max 193 106 78 71

No. pollen grains per shoot Min 8.1×104 6.0×104 5.9×104 5.9×104

Max 60.5×106 17.9×106 17.9×106 11.4×106

Average 12.0×106±1.2×106 4.1×106±0.6×106 2.7×106±0.3×106 1.8×106±0.2×106

No. pollen grains per m2 Min 0.44 × 109 0.61 × 109 0.72 × 109 0.24 × 109

Max 5.4×109 2.3×109 1.13×109 0.87×109

Fig. 9 Average proportion of viable pollen (± standard error) from P.
judaica plants collected from stations in and around the city of
Thessaloniki that differ in traffic intensity; means followed by the
same letters are not significantly different at P<0.05. See Table 3 and

Fig. 1 for information on sampling sites and their locations,
respectively; -a and -s in the sampling-site codes indicate autumn
and spring sampling, respectively
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an expansive man-accompanying native plant (for this
terminology, see Krigas and Dardiotis 2008; Pyšek 1995;
Pyšek et al. 2004) in the metropolitan area of the city.

According to Bass and Bass (1990), the rate of spread of
P. judaica is dependent on its dispersal ability and on the
availability of suitable disturbed sites. In impervious
surfaces (common in urbanised areas), the discarded seeds
may well be washed along cracks and walls and are easily
dispersed both by wind and by human activities (Bass and
Bass 1990; Davis 1951). High seed germination over a
wide range of temperatures, and rapid establishment after
clearance of vegetation and ground disturbance seem to
favour the expansive ability of P. judaica (Bass and Bass
1990). Mechanical weeding is often not effective and
resistance to herbicides results in regeneration and dominance
of P. judaica (Protopapadakis 1985). Urbanisation and
the consequent disturbance due to extensive man-made
construction works may well trigger an increased frequency
and abundance of this typical ruderal species resulting in
range expansion (Sukopp 2002).

Flowering phenology and pollen season

P. judaica was in flower almost throughout the entire year,
with production of flowers being intense in spring and
autumn. Like other anemophilous taxa, P. judaica releases
its pollen when conditions are warm and dry to aid long-
distance dispersal and transport of its pollen (Franchi et al.
2007). Extended duration of flowering may reflect a lack of
seasonal differences in resource availability, as is the case
for most understorey species in the tropics (Rathcke and
Lacey 1985), but it may equally reflect unpredictable or
sparse resources. In the urban habitat of P. judaica,
resources are not plentiful. It seems that this ruderal species
has become an urban dweller by developing strategies
enabling it to take advantage of the conditions prevailing in
this anthropogenic habitat.

The south-facing population started to flower about 12 days
earlier than the north-facing population in spring, but 3 days
later in autumn. This suggests that spring phenological events
are muchmore sensitive to differing environmental conditions
associated with exposure than are events in autumn.

The abiotic factors that differentiate the sites where the two
populations grow are the daily duration of sunlight and, hence,
the thermal and soil moisture properties of the environment;
southern populations are characterised by longer duration of
sunlight, and warmer and drier conditions. Such factors,
primarily air temperature, are often related to flowering
(Rathcke and Lacey 1985). Working with Graminae species,
Zanotti and Puppi (2000) found differences in the onset of
pollen emission between populations of southern and
northern exposures at the same altitude almost equal in
magnitude to the one we found for P. judaica in spring (13
and 12 days, respectively). Also, as early as 1966, Jackson
reported flowering dates of nine species in a large gorge in
Indiana (US) to be delayed by 6 days on the north-facing
slope with respect to the opposing south-facing slope. Not
only phenological shifts but also changes in the size of
flower production are observed: more flowers are produced
on plants or branches exposed in more sunlit areas
(Cunningham 1997; Niesenbaum 1993), as south-facing
slopes are.

Reports from the analysis of European phenological
data, carried out in an attempt to track global climate
change impacts, show that shifts in spring, linked to an
increase in temperature, are most commonly reported, and
that changes are more profound in those events that occur
earlier in the year; in contrast, phenological changes are less
pronounced during autumn (Menzel et al. 2001, 2006;
Sparks and Menzel 2002). The smaller differences in the
responses of the two P. judaica populations in autumn are
in agreement with this lack of clear yearly differences in
autumn phenological events. The earlier start of flowering
of the north-facing P. judaica population in autumn could

Fig. 10 Average Cu, Zn and Pb
concentrations (± standard error)
in P. judaica upper shoots col-
lected from sites inside and
outside the city of Thessaloniki
that differ in traffic intensity.
Means followed by the same
letters are not significantly
different at P<0.05; regular font
Zn values, bold Pb values, italic
Cu values. See Table 3 and
Fig. 1 for information on sam-
pling sites and their locations,
respectively; -a and -s in the
sampling-site codes indicate
autumn and spring sampling,
respectively
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be explained in terms of the thermal conditions during the
preceding months. We can argue that, for autumn flower-
ing species in the Mediterranean environment, heat-sum
thresholds for flowering are meaningless, because of the
hot, dry summer that precedes flowering. Hence, autumn
rainfalls are more important in initiating growth and
subsequent flowering than is temperature.

To explain the mismatch between the pattern of
atmospheric circulation of Urticaceae pollen and the pattern
of P. judaica flowering, particularly during autumn, and
given the magnitude of P. judaica pollen produced then,
further research is required; the priority research issues
stemming from this study are the relative contribution of the
other three Urticaceae species present in the area of
Thessaloniki to locally produced pollen, as well as the patterns
of atmospheric circulation of the pollen of these species.

Flower and pollen production

Pollen production in spring was higher at all levels that we
estimated , i.e. per flower, per shoot and per surface unit, with
values being two-fold, three-fold or even higher than the
corresponding ones in autumn. Differences between the two
populations were rather negligible in autumn but remarkable
in spring, with the south-facing population producing more
pollen. Pollen production above the level of the floral unit may
reflect differing allocation patterns in vegetative and repro-
ductive structures. In spring, P. judaica plants were twice the
size of those in autumn, bearing bigger and more plentiful
flowers; among the two populations, differences were found
only in the amount of flowers produced, which was higher in
the south-facing population. Shoot length had a significant
effect on P. judaica flower production, but there was a far
greater production than the increase in plant size could
suggest; this indicates higher biomass allocation to repro-
ductive tissues in the south-facing population.

Flower production is often correlated with plant size, with
bigger plants bearing more flowers (Dubash 1991;
Cunningham 1997; Blionis and Vokou 2002). At a lower
level, pollen production is correlated with flower size, with
larger flowers producing more pollen; this is reported for
various species like Raphanus sativus (Brassicaceae; Stanton
and Preston 1988), Bromus (Poaceae; McKone 1989),
Triticum (Poaceae; Beri and Anand 1971), Polemonium
viscosum (Polemoniaceae; Galen and Stanton 1989). For P.
judaica, we found a positive linear relationship between
flower diameter and pollen production. Also, despite the lack
of differences in flower size between the two populations,
the south-facing population produced more pollen per flower
than the north-facing population in spring, indicating a direct
higher investment in male function.

South-facing populations are associated with longer
exposure to sunlight and with warmer and drier conditions.

Studying the effect of light per se on pollen production in
Campanula americana revealed that plants grown under
high light produced more pollen grains than those grown
under low light (Etterson and Galloway 2002). Pollen of P.
judaica is partially hydrated; one of the features of this type
of pollen is that it loses water and dies quickly, especially if
kept in dry environments (Franchi et al. 2007). Given this
fact, the probability of pollen remaining viable is higher for
north-facing populations. Therefore, the higher pollen
production in south-facing populations can be considered
as an adaptive mechanism to preserve species reproductive
success under stressful, hot and dry conditions.

It seems that there is a large plasticity in the amount of
pollen that P. judaica flowers produce; the number of
pollen grains included in each flower ranged from as low as
450 to as high as 310,000. This shows that pollen
production per anther is not under strict genetic control,
which agrees with results reported for other species (Prieto
Baena et al. 2003). Despite this, average pollen production
estimated on a per flower basis (∼160,000 to ∼310,000)
for the populations we studied in Greece matches
corresponding production (∼140,000 to ∼350,000) in
Spain, according to the measurements of Guardia and
Belmonte (2004), which were calculated on a per anther
basis (35,744 to 86,333 grains).

Pollen viability and heavy metal concentration in plant
tissues

Results on P. judaica pollen viability showed that it reached
maximum values in plants collected from sites with high
traffic intensity, and that it was positively correlated with
copper and lead concentrations in the plant tissues. This
indicates a stimulating rather than an inhibitory effect of
heavy metal pollution on P. judaica pollen, similar to that
found for the species by Iannotti et al. (2000). The positive
effect of copper on pollen viability could be interpreted in
terms of several findings. For instance, it was reported that
copper is extremely important for the development of
normal pollen (Graham 1975), that wheat pollen is non-
viable under copper-deficiency conditions (Graham 1986),
and that temporary copper deficiencies significantly reduce
wheat pollen viability (Graham 1975). Also, Read et al.
(1993) found that Cu-(II) salts play an important role in
pollen-tube development in a Nicotiana species, and Cox
(1988) reported a synergistic effect of pH and Cu on pollen
function of Populus tremuloides; the latter author reported
that lead significantly inhibits both pollen germination and
tube growth of Pinus species, whereas zinc has little or no
effect.

Large concentrations of heavy metals affect cell wall
elasticity, leading to enormous tube elongation and ulti-
mately to bursting of the tubes (Sawidis and Reiss 1995;
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Sawidis 1997). At low concentrations, copper and zinc
cause a distinct increase in tube length, whereas lead
reduces growth rate (Sawidis 1997). Nevertheless, zinc
uptake at low concentrations is negligible in pollen grains
(ranging from 69 to 82 ppm; Sawidis 1997); this finding is
in agreement with reports suggesting that heavy metals like
lead and zinc, which have a very low mobility, accumulate
mainly in roots and the lower aboveground parts of plants
(Ernst and Bast-Cramer 1980), and that, even when present
at high concentrations in plant tissues, they are not expected
to make their way into the upper plant parts like flowers
and pollen. Nevertheless, given our findings and those of
previous works, this is obviously not always the case. Also,
it was reported that, in highly polluted areas of Greece like
Ptolemaida, respiratory allergies are more frequent and severe
compared to less polluted areas like Thessaloniki (Gioulekas
et al. 2004b). The Ptolemaida-Kozani-Amyntaion basin in
Greece has four lignite power stations discharging around
69,500 tons year−1 fly ash into the atmosphere (Tsikritzis et
al. 2002); fines are imposed on them by the European Union
for repeatedly exceeding health-mandated particle levels.
The higher frequency and severity of respiratory allergies
in Ptolemaida was not due to a higher sensitization to
airborne pollen, except in one case: this was Parietaria
pollen, which was associated with a higher number of
allergic reactions in this polluted environment (Gioulekas
et al. 2004b).

Conclusions

P. judaica is an urban weed that responds to the warm and
dry conditions associated with south-facing locations by
flowering earlier, more abundantly and for a longer time. It
also responds to heavy metal pollution with higher pollen
viability; the latter feature suggests that heavy metal
pollution enhances the species’ reproductive ability by
preserving more viable pollen. Drastic changes in P.
judaica responses under differing environmental conditions
are indicative of its high phenotypic plasticity, which is a
feature considered to promote success of expansive and
invasive species (Rejmánek 1996). The nature of these
changes also suggests that P. judaica is well adapted to the
conditions of warm and polluted urban environments. A
climatic change, such as that forecast for the Mediterranean
(Cheddadi et al. 2001), causing an increase in air
temperature and unsteady rainfalls, could provoke earlier,
longer and more pronounced flowering of P. judaica like
that we recorded in the south-facing population in spring.
With the number of flowers open at any one time becoming
higher, the species’ expansive ability could increase
(Reichard 1996). With the expansive ability not hindered
by urban pollution, particularly from heavy metals, the

species could spread easily to new environments. The
consequence of all of this would then be higher atmospheric
concentrations of P. judaica pollen and, hence, an increase in
the severity of Parietaria pollinosis, until some environmen-
tal factor becomes limiting to P. judaica growth. Urticaceae
pollen has already been shown to have increased consider-
ably over the period 1987–2005 in Thessaloniki, in parallel
with an increase in temperature over the same period.
(Damialis et al. 2007). Such changes are expected to occur
also in other cities of the Mediterranean, and in other regions
that face similar types of climate change and where the
species can expand or invade.

Acknowledgement This work was supported by the Operational
Programme for Education and Initial Vocational Training (Pythagoras II).

References

Airy Shaw HK, Willis JC (1973) A dictionary of the flowering plants
and ferns, 8th edn. Cambridge University Press, Cambridge

Aksoy A, Hale WHG, Dixon JM (1999) Capsella bursa-pastoris (L.)
Medic. as a biomonitor of heavy metals. Sci Total Environ
226:177–186

Alaimo GM, Vizzi D, Melati RM (2005) Histochemical properties and
trace element concentrations in Parietaria L. from urban sites
(Palermo, Italy). Aerobiologia 21:21–31

Bass DA, Bass DJ (1990) Parietaria judaica L. A cause of allergic
disease in Sydney. A study of habit and spread of the weed. Rev
Palaeobot Palyno 64:97–101

Beri SM, Anand SC (1971) Factors affecting pollen shedding capacity
in wheat. Euphytica 20:327–332

Blionis GJ, Vokou D (2002) Structural and functional divergence of
Campanula spatulata subspecies on Mt Olympos. Plant Syst
Evol 232:89–105

Braun-Blanquet J (1983) Plant sociology: the study of plant
communities (translated, revised and edited by Fuller and
Conard). Koeltz, Koenigstein

British Aerobiology Federation (1995) Airborne pollens and spores. A
guide to trapping and counting. National Pollen and Hayfever
Bureau, Rotherham

Charell L (1891–1892) Enumeratio plantarum annis 1888, 1889, 1890
& 1891 in Macedonia australi collectarum. Österr Bot Z 42:380–
382

Cheddadi R, Guiot J, Jolly D (2001) The Mediterranean vegetation:
what if the atmospheric CO2 increased? Landsc Ecol 16:667–675

Comtois P, Schemenauer RS (1991) Tree pollen viability in areas
subject to high pollutant deposition. Aerobiologia 7:144–151

Cosmes Martín PM, Moreno Ancillo A, Domínguez Noche C,
Gutiérrez Vivas A, Belmonte Soler J, Roure Nolla JM (2005)
Sensitization to Castanea sativa pollen and pollinosis in
northern Extremadura (Spain). Allergol Immunopathol 33:
145–150

Cox RM (1988) The sensitivity of pollen from various coniferous and
broad-leaved trees to combinations of acidity and trace metals.
New Phytol 109:193–201

Cunningham SA (1997) The effect of light environment, leaf area, and
stored carbohydrates on inflorescence production by a rain forest
understorey palm. Oecologia 111:36–44

D’ Amato G, Ruffilli A, Sacerdoti G, Bonini S (1992) Parietaria
pollinosis: a review. Allergy 47:443–449

48 Int J Biometeorol (2011) 55:35–50



Damialis A, Halley JM, Gioulekas D, Vokou D (2007) Long-term
trends in atmospheric pollen levels in the city of Thessaloniki,
Greece. Atmos Environ 41:7011–7021

Davis PH (1951) Cliff vegetation in the eastern Mediterranean. J Ecol
39:63–93

de Vries APH (1971) Flowering biology of wheat, particularly in view
of hybrid seed production—a review. Euphytica 20:152–170

Dietmar B (1998) Parietaria judaica L.: Zur Morphologie, Ökologie
und Soziologie einer verkannten nitrophilen Saumpflanze. Tuexenia
18:357–376

Dubash RM (1991) Plant size effects on female and male function in
hermaphroditic Sabatia angularis (Gentianaceae). Ecology
72:1004–1012

ErnstWHO, Bast-CramerWB (1980) The effect of lead contamination of
soils and air on its accumulation in pollen. Plant Soil 57:491–496

Etterson JR, Galloway LF (2002) The influence of light on paternal plants
in Campanula americana (Campanulaceae): pollen characteristics
and offspring traits. Am J Bot 89:1899–1906

Faegri K, Iversen J (1989) Textbook of pollen analysis, 4th edn.
Wiley, Chichester

Fatoki OS (2003) Lead, cadmium and zinc accumulation on soil and
vegetation along some selected major roads of Eastern Cape. Int J
Environ St 60:199–204

Franchi GG, Nepi M, Matthews LM, Pacini E (2007) Anther opening,
pollen biology and stigma receptivity in the long blooming
species, Parietaria judaica L. (Urticaceae). Flora 202:118–127

Gadermaier G, Dedic A, Obermeyer G, Frank S, Himly M, Ferreira F
(2004) Biology of weed pollen allergens. Curr Allergy Asthma
Rep 4:391–400

Galen C, Stanton ML (1989) Bumble bee pollination and floral
morphology: factors influencing pollen dispersal in the alpine sky
pilot, Polemonium viscosum (Polemoniaceae). Am J Bot 76:419–
426

Geller-Bernstein C, Lahoz C, Cárdaba B, Hassoun G, Iancovici-Kidon
M, Kenett R, Waisel Y (2002) Is it ‘bad hygiene’ to inhale pollen
in early life? Allergy 57:37–40

Gioulekas D, Papakosta D, Damialis A, Spieksma FThM, Giouleka P,
Patakas D (2004a) Allergenic pollen records (15 years) and
sensitization in patients with respiratory allergy in Thessaloniki,
Greece. Allergy 59:174–184

Gioulekas D, Papakosta D, Sichletidis L, Tsiotsios I, Manika A, Porpodis
K, Damialis A, Ganavias L (2004b) Comparison of allergic
sensitization between patients of two Greek cities with different
pollution levels. Abstract Book of the 23rd Congress of the
European Academy of Allergy and Clinical Immunology, p 171

Gottardini E, Cristofolini F, Paoletti E, Lazzeri P, Pepponi G (2004)
Pollen viability for air pollution bio-monitoring. J Atmos Chem
49:149–159

Graham RD (1975) Male sterility in wheat plants deficient in copper.
Nature 254:514–515

Graham RD (1986) Induction of male sterility in wheat using organic
ligands with high specificity for binding copper. Euphytica
35:621–629

Guardia R, Belmonte J (2004) Phenology and pollen production of
Parietaria judaica L. in Catalonia (NE Spain). Grana 43:57–64

Halácsy E (1906) Aufzählung der von Herrn Prof. Dr. L. Adamovic
im Jahre 1905 auf der Balkanhalbinsel gesammelten Pflanzen.
Österr Bot Z 56:205–212, 277–283

Harrison RM, Williams LR (1982) Airborne Cd, Pb and Zn at rural and
urban sites in North-West England. Atmos Environ 16:2669–2681

Iannotti O,Mincigrucci G, Bricchi E, Frenguelli G (2000) Pollen viability
as a bio-indicator of air quality. Aerobiologia 16:361–365

Jackson MT (1966) Effects of microclimate on spring flowering
phenology. Ecology 47:407–415

Koti S, Reddy KR, Reddy VR, Kakani VG, Zhao D (2005) Interactive
effects of carbon dioxide, temperature, and ultraviolet-B radiation

on soybean (Glycine max L.) flower and pollen morphology,
pollen production, germination, and tube lengths. J Exp Bot
56:725–736

Krigas N (2004) Flora and human activities in the area of
Thessaloniki: biological approach and historical considerations.
PhD dissertation, Aristotle University of Thessaloniki

Krigas N, Dardiotis G (2008) Plants and human activities: termino-
logical chaos, current approaches and suggested terms in the
Greek language. Bot Chron 19:325–366

Krigas N, Kokkini S (2004) A survey of the alien vascular flora of the
urban and suburban area of Thessaloniki (N Greece). Willdenowia
34:77–98

Krigas N, Kokkini S (2005) The indigenous vascular flora of the
urban and suburban area of Thessaloniki (N Greece). Bot Chron
18:29–85

Loureiro G, Rabaca MA, Blanco B, Andrade S, Chieira C, Pereira C
(2005) Aeroallergens’ sensitization in an allergic paediatric
population of Cova da Beira, Portugal. Allergol Immunopathol
33:192–198

Manly B (1997) Randomization. Bootstrap and Monte Carlo methods
in biology. Chapman & Hall, London

McKone JM (1989) Intraspecific variation in pollen yield in
bromegrass (Poaceae: Bromus). Am J Bot 76:231–237

Menzel A, Estrella N, Fabian P (2001) Spatial and temporal variability
of the phenological seasons in Germany from 1951 to 1996.
Global Change Biol 7:657–666

Menzel A, Sparks TH, Estrella N et al (2006) European phenological
response to climate change matches the warming pattern. Global
Change Biol 12:1969–1976

Mondal AK, Mandal S (1998) Pollen production in some terrestrial
angiosperms. Curr Sci 74:906–910

Moore PD, Webb JA, Collinson ME (1991) Pollen analysis, 2nd edn.
Blackwell, Oxford

Nadji A (1892) Empire Ottoman Géographie Botanique: Faits
nouveaux relatifs à la province de Salonique. Imp. Muratori,
Salonique

Niesenbaum RA (1993) Light or pollen. Seasonal limitations on
female reproductive success in the understorey shrub Lindera
benzoin. J Ecol 8:315–323

Oberdorfer E (1954) Über Unkrautgesellschaften der Balkanhalbinsel.
Vegetatio 4:379–411

Pacini E, Hesse M (2005) Pollenkitt—its composition, forms and
functions. Flora 200:399–415

Prieto-Baena JC, Hidalgo PJ, Domínguez E, Galán C (2003) Pollen
production in the Poaceae family. Grana 42:153–160

Protopapadakis E (1985) Changement de la flore adventice des
vergers d’agrumes en Crète sous la pression du désherbage
chimique. Agronomie 5:833–840

Pyšek P (1995) On the terminology used in plant invasion studies. In:
Pyšek P, Prach K, Rejmánek M, Wade M (eds) Plant invasions:
general aspects and special problems. SPB, Amsterdam, pp 71–
81

Pyšek P, Richardson DM, Rejmànek M, Webster GL, Williamson M,
Kirschner J (2004) Alien plants in checklists and floras: towards
better communication between taxonomists and ecologists.
Taxon 53:131–143

Rathcke B, Lacey PE (1985) Phenological patterns of terrestrial
plants. Annu Rev Ecol Syst 16:179–214

Read SM, Clarke AE, Bacic A (1993) Stimulation of growth of
cultured Nicotiana tabacum W. 38 pollen tubes by poly
(ethyleneglycol) and Cu-(II) salts. Protoplasma 177:1–14

Reichard SH (1996) What traits distinguish invasive plants from non-
invasive plants? California Exotic Pest Plant Council, Symposium
Proceedings

Rejmánek M (1996) A theory of seed plant invasiveness: the first
sketch. Biol Conserv 78:171–181

Int J Biometeorol (2011) 55:35–50 49



Rogers CA, Wayne P, Macklin E, Muilenberg ML, Wagner CW,
Epstein PR, Bazzaz FA (2006) Interaction of the onset of
spring and elevated atmospheric CO2 on ragweed (Ambrosia
artemisiifolia L.) pollen production. Environ Health Perspect
114:865–869

Sanka M, Strnad M, Vondra J, Paterson E (1995) Sources of soil and
plant contamination in an urban environment and possible
assessment methods. Int J Environ Anal Chem 59:327–343

Savvaidis P, Lakakis K (2002) Mapping of traffic conditions at
downtown Thessaloniki with the help of GPS technology.
Abstract Book of the International Symposium on Space
Information—technology, acquisition, processing and effective
application, Sofia, Bulgaria

Sawidis T (1997) Accumulation and effects of heavy metals in Lilium
pollen. Acta Hortic 437:153–158

Sawidis T, Reiss HD (1995) Effects of heavy metals on pollen tube
growth and ultrastructure. Protoplasma 185:113–122

Sawidis T, Marnasidis A, Zachariadis G, Stratis J (1995) A study of
air pollution with heavy metals in Thessaloniki City (Greece)
using trees as biological indicators. Arch Environ Contam
Toxicol 28:118–124

Shivanna KR, Rangaswamy NS (1992) Pollen biology. A laboratory
manual. Springer, Berlin

Sparks TH, Menzel A (2002) Observed changes in seasons: an
overview. Int J Climatol 22:1715–1725

Stanley RG, Linskens HF (1974) Pollen, biology, biochemistry,
management. Springer, Berlin

Stanton ML, Preston RE (1988) Ecological consequences and
phenotypic correlates of petal size variation in wild radish,
Raphanus sativus (Brassicaceae). Am J Bot 75:528–539

Subba Reddi C, Reddi NS (1986) Pollen production in some
anemophilous angiosperms. Grana 25:55–61

Sukopp H (2002) On the early history of urban ecology in Europe.
Preslia (Praha) 74:373–393

Sukopp H, Kunick W, Schneider C (1980) Biotopkartierung im
besiedelten Bereich von Berlin (West). Garten Landschaft 7:565–
569

Tomasevic M, Rajsic S, Doirdevic D, Tasic M, Krstic J, Novakovic V
(2004) Heavy metals accumulation in tree leaves from urban
areas. Environ Chem Lett 2:151–154

Tsikirtzis LI, Ganatsios SS, Duliu OG, Kavouridis CV, Sawidis TD
(2002) Trace elements distribution in soil in areas of lignite
power plants of Western Macedonia. J Trace Microprobe Tech
20:269–282

Turrill WB (1918) Contributions to the flora of Macedonia I. Bull
Misc Inform Kew 1918:249–341

Turrill WB (1920) Contributions to the flora of Macedonia III. Bull
Misc Inform Kew 1920:177–196

Wittig R, Sukopp H, Klausnitzer B (1993) Die ökologische Gliederung
der Stadt. In: Sukopp H, Wittig R (eds) Stadtökologie. Fisher,
Stuttgart, pp 217–318

Wolters JHB, Martens MJM (1987) Effects of air pollutants on pollen.
Bot Rev 53:372–414

Woodell S (1979) The flora of walls and pavings. In: Laurie IC (ed)
Nature in cities. Wiley, Chichester, pp 135–157

Zaganiaris D (1939) The weeds of the Thessaloniki Prefecture—
phytosociological and systematic study (in Greek). M Triantafyllou,
Thessaloniki

Zaganiaris D (1940) Herbarium Macedonicum: Tertium & Quartum
Mille. Epistemonike Epetireda Fisikes Mathematekes Scholes
Panepistemiou Thessalonikes 6:38–139

Zanotti AL, Puppi G (2000) Phenological surveys of allergenic
species in the neighbourhood of Bologna (Italy). Aerobiologia
16:199–206

Zhang XY, Friedl MA, Schaaf CB, Strahler AH (2004) Climate
controls on vegetation phenological patterns in northern mid- and
high latitudes inferred from MODIS data. Global Change Biol
10:1133–1145

50 Int J Biometeorol (2011) 55:35–50


	Parietaria...
	Abstract
	Introduction
	Materials and methods
	Site and species description
	Distribution and abundance of Urticaceae in and around Thessaloniki
	Phenology of flowering
	Pollen production
	Collection of airborne pollen
	Heavy metal concentration and pollen viability
	Data analysis
	Modeling flowering phenology
	Pollen and flower production
	Pollen viability—heavy metal concentration


	Results
	Distribution and abundance of Urticaceae in and around Thessaloniki
	Flowering phenology and pollen season
	Flower production
	Pollen production
	Pollen viability and heavy metal concentration in plant tissues

	Discussion
	Expansive ability of P. judaica
	Flowering phenology and pollen season
	Flower and pollen production
	Pollen viability and heavy metal concentration in plant tissues

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


