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Abstract

This study analyses the responses of the different components of flora from a high-mountain area with a sub-desert climate
to changeable meteorological conditions that may affect their normal development. Local airborne pollen levels are used as
bio-indicators of the vegetation behavior. In order to determine the fluctuations in this status, a set of 6-year pollen data
obtained using aerobiological methods was used. The results show that the tree species (Cupressus sp.,Olea europaea; Quercus
sp. andPlatanus hyspanica) react differently to situations of water stress and changeable temperatures than herbaceous species
(Urticaceae, Chenopodiaceae, Poaceae species andArtemisia sp.). The flowering of tree species seems to be affected more by
conditions in the months prior to flowering, in particular for species flowering in winter-early spring. As important as the amount
of rainfall is the distribution of rainfall throughout the year, since this ensures permanent water availability. Herbaceous species
present the most immediate response to weather conditions and if rainfall occurs during their principal pollination period, this
period lasts longer. Sometimes, under favorable conditions, non-seasonal flowering may occur.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Anemophilous plants produce high amounts of
pollen due to the use of wind as vector of pollination
reduce the efficiency (Faegri and Van der Pijl, 1979).
However, the normal development of flowering in
plant species is influenced by the bio-climatic condi-
tions in which this flowering occur. If the conditions
are adverse, the plant species design phenological
and physiological strategies to survive under new and
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changing conditions (Montenegro, 1987; Rodá et al.,
1999), and pollen production may be significantly
reduced.

Among the most restrictive factors affecting normal
development, water stress caused by irregular rainfall
distribution has been cited (Hensen, 1999). Although
some species are able to adjust their vegetative and re-
productive cycles to availability of water (Raven et al.,
1992; Izco et al., 1997), most of them react negatively,
keeping the reproductive functions in the minimum
compatible with life.

Similarly, extreme temperatures are also cause of
responses deviated from the optimum on plant species.
Cold stress has been reported as a factor affecting
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microsporogenesis, and pollen production in conse-
quence, both in cultivated species (Satake and Hayase,
1974; Koike et al., 1997) and in those growing in
a natural environment (Neilson and Wullstein, 1980;
Cannel and Smith, 1984; Garcı́a-Mozo et al., 2001).

Another environmental adversity affecting normal
growing may be the high mountain location, since
differences in pollination with decreasing concentra-
tions have been observed at heights above 1000 m
(Frenguelli and Bricchi, 1998; Gehrig and Peeters,
2000).

A combination of the three factors before men-
tioned: waters-stress, extreme temperatures and high
mountain location may start a variety of responses in
the vegetation of an area in which these circumstances
converge. The airborne pollen records may be used as
indicators to know these responses, taking into con-
sideration that once the pollen grains are emitted from
the plants into the air, they are likewise subject to the
meteorological conditions of the surrounding atmo-
sphere.

Our study is focused on the analyses of the fluc-
tuations observed in airborne pollen records from a
high-mountainous sub-desert area located in the south-
east part of the Iberian Peninsula as a consequence of
the changeable, and on occasions restrictive, meteoro-
logical conditions.

2. Materials and methods

2.1. Area description

The study has been carried out in the locality of
Chirivel (37◦30′N, 2◦11′W) in the province of Almeria
in the southeast of the Iberian Peninsula. This locality,
which falls within the limits of the “Sierra de Maria”
Natural Park, at a height of 1141 m a.s.l., presents cli-
matic characteristics typical from a sub-desert region.
In terms of annual rainfall, the local climate is de-
fined as arid or semi-arid, according to the Index of
Martonne, Lang, Dantin & Revenga, with a ratio of
precipitation/temperature< 2 (P/T < 2) for more than
9 months each year (Allue Andrade, 1990). During
the 6 years of study (1995–2000), total rainfall never
exceeded 400 mm, and on some occasions this was as
low as 220 mm (1995). Torrential rains are common,
with more than 100 mm of rainfall being recorded in

less than 24 h. Most of the rain is lost in surface runoff,
forming water avalanches that normally run through
dry beds known as “ramblas”. Annual average temper-
ature oscillates in the range of 12.5–13.0◦C, coming
from strong oscillations between winter and summer
temperatures.

Flora in the surrounding area includes both natu-
ral plant species and introduced species, consisting
in both ornamentals and crops. Typical natural plant
species include the well-preserved pine forest on
the shady slopes and the holm-oak forest cleared
for cattle feeding. Shrubs and grasses are typical
of Mediterranean “maquis” (Blanco et al., 1997)
and of mountainous scrub vegetation. Species from
Chenopodiaceae, Lamiaceae, Leguminosae andCom-
positae (mainly Artemisia) predominate. It is also
worth mentioning the vegetation in the “ramblas”,
consisting mainly in nitrophylous species resistant to
extreme aridity and high salinity.Tamarix is the most
common species, sharing its habitat withChenopo-
diaceae, grasses,Cyperaceae andJuncaceae (Blanco
et al., 1997). Cupressus, Platanus and Populus are
the most frequent ornamental tree species, not only
in the village but also in the reforestation area, par-
ticularly since the completion of construction work
on the A-92 highway. The most important crop are is
given over to sweet almond trees (Prunus amygdalus
subsp.dulcis). Cereal crops alternate between rainfed
and irrigated, according to water availability.

2.2. Techniques

Air samples containing pollen were collected from
the atmosphere of Chirivel using a suction volumetric
Hirst-type sampler Burkard spore-trap (Burkard Man-
ufacturing Co., Hertfordshire, UK), placed at the Town
Hall at a height of 15 m a.g.l., as recommended in
aerobiological studies (Doḿınguez et al., 1992). This
device worked uninterruptedly from April 1995 to De-
cember 2000. Daily samples 00:00–23:59 h obtained
were analyzed using optical microscopy 40× magnifi-
cation and results showed the pollen spectrum and con-
centrations expressed in pollen grains/m3 of air/day.
The principal pollination period (PPP) from the main
contributive taxa was defined using the methodology
proposed by Nilsson and Person (1981), and was es-
tablished as the period of the year that accounts for
98% of the total annual count.
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2.3. Meteorological data

Meteorological data were supplied by the Territo-
rial Meteorological Centre of Western Andalusia, the
National Institute of Meteorology, from an automatic
station placed in the village. Data included daily aver-
age temperatures and daily total rainfall with an indi-
cation of rain or snow. Other phenomena such as frost
or wind gusts with speeds of over 50 km/h are also
indicated. Non-parametric statistical correlation anal-
yses (Spearman’s test) were carried out between the
meteorological parameters (daily rainfall and daily av-
erage temperatures) and pollen data (daily average of
pollen grains/m3 of air) belonging to the eight most
common pollen types, in order to determine the reac-
tions of each group under different conditions.

3. Results

Fig. 1shows the characterization of the pollen spec-
trum measured in the air above Chirivel during the
study period. The most representative pollen taxa in
the area, i.e. the ones with yearly concentrations above
5% over the total spectrum and present in air samples
during the 6-year study period, are represented graph-
ically. Other taxa were collected in smaller, but also
frequent, quantities and other taxa were only detected
under specific conditions. The number of pollen types
measured ranged from 24 in 1995 to 34 in the final
years of the study, due to a degree of recovery after
the severe drought suffered in the Iberian Peninsula
between 1992 and 1994. In all cases, there were more
pollen types from tree species than from herbaceous
species. Pollen concentration patterns are shown in
Fig. 2, with an upward trend from 1995 to 1999, in-
terrupted only in 2000.

Table 1shows the characteristics of the 8 most sig-
nificant airborne pollen types above Chirivel in terms
of pollen quantity. Taking into account the chronolog-
ical appearance of the airborne pollen types,Cupres-
sus, Artemisia and Urticaceae were the pollen types
detected first during winter months.Cupressus can be
considered a pollen type with a regular behavior, since
there was a difference of only 20 days between the
year with longest and shortest PPP (excluding 1995).
Artemisia stands out for the occurrence of two flow-
ering periods during the year due to the successive

flowering of the respective species:A. campestris from
June to September andA. barrelieri andA. herba-alba
from the end of summer to mid February.Urticaceae
pollen was detected in the atmosphere during almost
the whole year since this family comprises several
species flowering in different seasons. From the paly-
nological standpoint, two groups were distinguished:
the Urtica dioica group, including triporate pollen
grain species; and theU. membranaceae group, which
includes polipantoporate pollen grain species. In the
area, 95% of pollen grains detected in the samples
corresponded to theU. dioica group (Sagredo, 1987).
Urtica species are ruderal weeds common in nitrified
locations, such as roadsides and cultivated areas.Pla-
tanus is the type with the highest pollen index (PI), that
is, the highest total annual counts, with respect to tree
species, whilePoaceae pollen is the most abundant
herbaceous type.Platanus also presented the shortest
Principal Pollination period PPP, which was as short as
28 days in 1998. In contrast,Chenopodiaceae pollen
can be found in the atmosphere for more than 7 months
a year, peaking in May, August or September.Poaceae
and Olea lead the group of typical spring flowering
species, which normally peak in May or during the
first fortnight of June.

Fig. 3 shows the meteorological conditions in the
different years considered in this study. Only the rain-
fall recorded in 1997 (400 mm) was close to the aver-
age rainfall index for the area according to a 25-year
set of data. The total annual rainfall indices in the
other years were considerably lower, particularly in
1995 and 1998 with 220 and 240.6 mm, respectively.
More important was the fairly irregular distribution
of rainfall over the years studied. In 1995 and 2000,
more than 50% of total rainfall was concentrated in
early autumn. Torrential rainfall (more than 100 mm)
was recorded in only 24 h. In the other years, rainfall
was distributed in winter, spring and autumn; 1996
and 1997 were the years with the largest number of
rainy months. However, average yearly temperatures
were frequently above 12.7◦C as the mean for the
area. 1998 was the coldest year, with an average yearly
temperature of 12.06◦C, whereas in 1999 the average
yearly average temperature was almost 1◦C above the
mean. Although average monthly temperatures did not
fall below 0◦C in any month, frosts were relatively
frequent in winter and early spring, with an average
25 days of frost per year.
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Fig. 1. Characterization of the airborne pollen spectrum of the atmosphere of Chirivel 1995–2000. Each column correspond to 10-day
average values. Less frequent taxa (1–5% over the total):Alnus, Apiaceae, Brassicaceae, Compositae, Cyperaceae,Fraxinus, Mercuarialis,
Morus, Myrtaceae,Rumex, Sambucus, Ulmus. Sporadic taxa (less than 1% over the total):Betula, Cannabis, Castanea, Casuarina, Corylus,
Ericaceae,Juglans, Ligustrum, Palmae, Rosaceae.
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Fig. 2. Total pollen index, total tree pollen and total herbs pollen in Chirivel during the period 1995–2000.

Statistical correlation analysis was carried out
between the meteorological parameters (total daily
amount of rainfall and daily average temperatures) and
the daily pollen concentrations in pollen grains/m3
of air of the most important types (Table 2), reveal-
ing a very significant relationship between temper-
atures and pollen concentrations, in particular with
Cupressus, Chenopodiaceae and Poaceae. Artemisia
was the pollen type least affected by the meteoro-
logical conditions and it did not show correlation
with temperature or rainfall. Correlation with rainfall
was mainly negative, due to the decrease in pollen
concentrations prompted by rainfall and also to its
irregular distribution in the area, typical of semi-arid
areas.

4. Discussion

The atmosphere above Chirivel includes almost 34
different pollen types representative of the surrounding
flora. Twenty of these can be considered as regulars,
while the rest are only found under specific conditions
such as sufficient rainfall, long-distance transport or
re-suspension by wind gusts. This variety of pollen
types is fairly similar to the spectrum recorded in the
city of Almeria (Sabariego et al., 1998, 1999), but is
much less varied than the 60 types identified in the

atmosphere of the region of Murcia (Munuera et al.,
2001), although the three areas are included in the
same bio-geographical province of Murcia-Almeria.
Differences may have been due to the high presence
of ornamentals in the city of Murcia and also to the
strong fluctuations in the rainfall regime between vil-
lages located on both sides of the Mountains and the
Föhn effect. Water stress is more severe in Chirivel
because of its sunny location.

The response to meteorological conditions was
different depending on the arboreal or herbaceous
character of the species. In general, the first 2 years
of the period studied—1995 and 1996—were marked
by a severe drought, which affected normal species
development. In 1997, vegetation started a general re-
covery favored by a rainfall index of 400 mm. There-
after, each species behaved differently depending
on the conditions prior to and during their respec-
tive flowering periods.Cupressus is one of the main
pollen types and can be detected in the atmosphere
in winter months. However, the presence of differ-
ent species with successive flowering may mean that
pollen grains of this type are detected in the atmo-
sphere for longer periods (Hidalgo et al., 1999). As
reported previously, temperature seems to be the pa-
rameter that has the greatest effect on the presence of
Cupressaceae pollen in the atmosphere.Galán et al.
(1998a)andGalán et al. (1998b)reported that on a set
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Table 1
Characteristics of the eight most important pollen types in the atmosphere of Chirivel during 1995–2000

Pollen type Year Pollen index PPP Range Peak Date of peak

Cupressus 1995a

1996 2426 7/1–28/4 112 184 25/4
1997 2148 1/1–5/5 125 215 1/2
1998 2634 15/1–30/4 105 175 18/3
1999 3365 18/1–21/5 123 489 16/3
2000 2548 20/1–8/5 108 276 20/2

Platanus 1995a

1996 12866 7/4–10/5 33 2729 15/4
1997 7537 11/3–9/4 29 823 27/3
1998 10526 10/3–25/4 46 1869 10/4
1999 11175 25/3–12/5 48 2338 11/4
2000 16463 3/3–22/5 80 2814 18/3

Quercus 1995b 802 22/4–28/6 67 71 25/4
1996 1935 29/3–11/7 104 174 28/5
1997 4009 12/3–9/7 89 495 17/3
1998 4028 17/4–28/6 72 421 30/4
1999 6140 19/3–1/7 104 451 23/4
2000 2401 23/3–24/7 123 375 28/3

Olea 1995 810 22/4–28/6 67 52 10/5
1996 2806 20/4–4/7 75 312 26/5
1997 6762 8/4–25/6 78 854 5/5
1998 7797 3/4–2/7 89 978 2/6
1999 13282 26/3–6/7 102 1937 16/5
2000 6072 11/4–25/7 105 1172 19/5

Poaceae 1995b 185 29/4–24/6 56 10 3/5
1996 1735 16/3–9/8 146 134 2/6
1997 1318 11/3–4/8 146 45 18/5
1998 3786 2/4–15/8 133 227 14/6
1999 5581 26/3–19/8 146 52 22/5
2000 2563 17/3–11/7 116 545 29/5

Urticaceae 1995b 171 26/4–31/7 96 5 10/6
1996 1035 11/2–7/8 177 46 24/3
1997 966 4/2–25/7 173 42 4/3
1998 1546 14/1–17/8 215 27 18/2
1999 1628 17/2–6/9 201 49 5/4
2000 1072 24/1–26/8 215 20 27/2

Artemisia 1995 199 17/8–17/12 112 17 12/12
1996 1714 4/8–31/12 149 172 26/10
1997 1556 1/1–10/2 41
1997 bis. 6/8–26/2 204 67 27/10
1998 1630 27/7–13/3 229 112 2/10
1999 1337 7/5–22/6 46
2000 1146 16/8–6/3 203 73 29/10
2000 bis. 14/8–31/12 139 88 29/8

Chenopodiaceae 1995 332 28/4–5/11 191 17 3/5
1996 916 8/4–24/10 199 22 22/5
1997 986 27/3–29/10 216 31 24/8
1998 1382 1/4–4/11 218 39 15/9
1999 1748 17/3–18/10 215 45 10/9
2000 1480 24/2–24/10 243 54 25/8

a Taxa affected by the starting date of sampling 22 April.
b Taxa partially affected by the starting date of sampling 22 April.
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Fig. 3. Monthly average temperature and monthly total precipitation in Chirivel during the period 1995–2000.

of thirteen consecutive years, Cupressaceae daily data
were linked to minimum temperatures, being this pa-
rameter the first entering in the regression formulae.
In Chirivel, the relative occurrence of frosts during

the Cupressus flowering period prompt a decrease
in the average temperatures, resulting in conditions
more suitable for airborne pollen presence. This fact
would explain the strong negative correlation between
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Table 2
Spearman’s correlation between the daily concentrations of the eight most representative pollen taxa in the atmosphere of Chirivel and daily valuesof average temperature
and precipitation during the 6-year period of study

1995 1996 1997 1998 1999 2000

Temperature Precipitation Temperature Precipitation Temperature Precipitation Temperature Precipitation Temperature Precipitation Temperature Precipitation

Cupressus −0.421∗ −0.105 −0.441∗ −0.205 −0.645∗ 0.001 −0.336∗ 0.005 −0.389∗ 0.102 −0.520∗ −0.011
Platanus 0.014 −0.169 0.295∗∗ −0.130 −0.170 0.028 0.336 −0.073 0.295∗∗ −0.165 −0.124 −0.068
Quercus 0.196 −0.216 0.384∗ −0.172 0.179 −0.038 0.532∗∗ −0.126 0.622∗ −0.172 0.448∗ −0.077
Olea 0.068 −0.201 0.659∗ 0.038 0.185 0.065 0.648∗ −0.037 0.692∗ −0.284∗∗ 0.740∗ −0.048
Poaceae 0.000 −0.052 0.459∗ −0.150 0.454∗∗ −0.249 0.436∗ −0.273 0.647∗ −0.181 0.580∗∗ −0.142
Urticaceae −0.050 0.135 −0.019 −0.350∗∗ 0.158 −0.183 0.037 −0.241 0.347∗∗ −0.055 0.075 −0.142
Chenopodiaceae 0.501∗ −0.144 0.861∗ 0.021 0.806∗ −0.123 0.744∗ −0.124 0.832∗ −0.248 0.893∗ −0.124
Artemisia −0.097 0.179 −0.254 0.187 −0.112 −0.008 −0.135 −0.088 0.030 0.037 −0.275∗∗ 0.96

∗ Correlation is significant at the 0.01 level.
∗∗ Correlation is significant at the 0.05 level.
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temperatures andCupressus shown in Table 2. The
lower the temperature, the higher the pollen presence.

Platanus is a typical urban species forming shadow
lines along the main streets of the village. Plane trees
usually flower between mid-March and April and flow-
ering intensity is affected most by the conditions in
the months prior to flowering than by conditions dur-
ing flowering. The highest plane tree pollen levels
were recorded in the years with sufficient rainfall in
the winter-early spring months (November, Decem-
ber and January), together with moderate temperatures
that were rarely below 0◦C. In 1996 and 1999, these
requirements were fulfilled. In the first quarter of the
corresponding years, rainfall was not very abundant
but regularly distributed, thus ensuring permanent wa-
ter reserves. Moreover, the warm temperatures ensured
uninterrupted water absorption, a situation that fre-
quently occurs in high mountain areas when tempera-
tures drop below 0◦C (Izco et al., 1997), and, as in the
case of other species in Mediterranean climates, the
required number of hours of heat to break dormancy
(Galán et al., 2001; Frenguelli and Bricchi, 1998) was
accumulated earlier. This fact was confirmed by the
statistics, with significant and positive correlation with
temperatures andPlatanus pollen concentrations. The
high Platanus PI recorded in 2000 was prompted by
the long flowering period, which lasted 80 days and
was favored by the almost total absence of rainfall
during the pollen season.

Quercus pollen responded differently to meteo-
rological conditions. Oak trees are well-adapted to
Mediterranean climates, forming typical forests. Bark
thickening and coriaceous recovering on their leaves
fostered growth even in areas with an indexP/T <

2 during several months a year (Rivas Mart́ınez,
1987). Five Quercus species grow in the area:Q. ilex
subsp.ilex, Q. ilex subsp.ballota, Q. coccifera, Q.
suber andQ, faginea. Their flowering periods overlap
and last from mid March to early June. As in the case
of other species such as birch and olive tree,Quercus
pollen production presents a biennial cyclic pattern
(Emberlin et al., 1990; Garcı́a-Mozo et al., 1999).
The behavior ofQuercus pollen over the 6-year set of
data was rather irregular. Again, the rainfall regime
influenced the pollen season characteristics. Once the
drought ceased,Quercus pollen started to recover and
a similar PI was recorded in 1997, 1998 and 2000;
the peak concentrations were reached earlier or later

according to the rainfall regime. Year 1999 must be
treated differently, since this was the year in which
the maximumQuercus PI was recorded. Total annual
rainfall was only 240.6 mm. However, distribution
through the year was rather regular. Non-persistent
rainfall fostered water filtration through the soil, re-
covery of aquifers and higher availability of water for
plant species. Temperature has been also mentioned
as an important parameter influencingQuercus pol-
lination. Garćıa-Mozo et al. (2002)established the
base temperature from whichQuercus species start
to accumulate heat. This accumulation threshold is
related to the mean air temperature of the correspond-
ing sites. For areas such as Chirivel, with an annual
mean air temperature of 12◦C, the base temperature
has been established at 4–5◦C, and this can be trans-
lated as an average of 400◦C accumulated as from
1 January. Warm temperatures during the winter of
1999, prompted by the position of a high-pressure
area in the south of the Iberia Peninsula, meant that
this threshold was reached earlier, at the beginning of
April, coinciding with a period of scarce rainfall.

A similar situation was observed in the case of
Olea, the maximum pollen levels for which were also
recorded in 1999. In this case, the source of emis-
sion was detected 20 km west of the sampling point in
“Vega” (irrigated plain) of Velez Rubio. In addition to
temperature and rainfall, wind also played an impor-
tant role and was involved in the transport of pollen
grains from its source of origin to other areas in its
trajectory.

Herbaceous species, which included a large number
of species with different requirements and reactions
to meteorological conditions, behaved differently to
arboreals. In terms of those with anemophilous polli-
nation, three main categories can be established: cos-
mopolitan species with long flowering periods (i.e.
Poaceae, Urticaceae species); species belonging to
cosmopolitan families, but adapted to arid conditions
(i.e. Artemisia, Chenopodiaceae andAmaranthaceae
species) and sporadic species appearing under specific
conditions (i.e.Cannabis).

The first group of plants includes the main cos-
mopolitan species in the Iberian Peninsula, but also
some species endemic to the south-eastern area:
Festuca pseudeskia, F. capillifolia, Elymus pungens,
Aegilotricum × triticoides and Eragrostis papposa
(Sagredo, 1987). Grass pollen was detected in the
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atmosphere throughout the year, peaking by May or
June. Flowering was more intense if rainfall occurred
in the 4-week period prior to flowering. This occurred
in 1996, 1998 and 1999, when maximum concen-
trations were recorded. Temperatures also played an
important role. In 1999, the average temperature in
May was 18.64◦C, almost 4◦C higher than in the
same month in 1996; and 6◦C higher than in May
1998. This fact is confirmed by statistics, with a
high positive significant correlation betweenPoaceae
pollen and temperatures. Rainfall in June prolonged
flowering and as a result grass counts in 1999 were
three times higher than those of the rest of the set.

Urticaceae is another cosmopolitan family. The PPP
of Urticaceae may last from February to June, longer
than described for other areas in Andalusia (Galán
et al., 2000; González Minero et al., 1997; Trigo et al.,
1996). Although no correlation was detected with tem-
perature and rainfall, maximum nettle pollen concen-
trations were recorded in years with a certain amount
of rainfall prior to and during flowering (1998 and
1999). In 1997, a peak of 106 grains/m3 was recorded
in July, just after a period of two rainy weeks, with a
total rainfall of 15 mm. Their presence was also con-
ditioned by crop tillage after harvesting.

Pollen fromChenopodiaceae–Amaranthaceae spe-
cies form a stenopalynous group due to the mor-
phological similarities of their pollen grains. Both,
the pollen records and the PPP were rather homoge-
neous through the 6 years of study.Chenopodiaceae–
Amaranthaceae species are highly adapted to arid
conditions and only show stress during prolonged pe-
riods of drought. In contrast, high temperatures seem
to favor flowering, since the maximum levels were
recorded in the years in which there were no sharp
drops in temperature between the end of summer and
the beginning of autumn (i.e. 3–4◦C in 1997–1999).

Artemisia can be considered the most characteris-
tic local herbaceous species (Cariñanos et al., 2000;
Munuera, 1999). Of the 20 species of mugwort grow-
ing in the Iberian Peninsula (Tullin et al., 1976;
Garćıa Rollan, 1996), seven only grow in the province
of Almeria, where the climate is dry and the land
contains limestone, salt and gypsum. As in the case
of Chenopodiaceae–Amaranthaceae pollen, mugwort
pollen is collected from air samples during a long but
discontinuous period throughout the year. Given its
herbaceous nature and the location of the trap 15 m

a.g.l., the pollen levels were not as high as could be
expected but were indicative of their status. The maxi-
mum levels of mugwort pollen were collected in rainy
periods. In autumn 1996, a peak of 172 pollen grains
was recorded in the interval between two rainy periods
in October and November. In 1999, additional flow-
ering took place in May–June just after an infrequent
rainy autumn and winter. Torrential rainfall does not
favor this or other species, due to the damage caused
to the land surface. These rains occurred in Septem-
ber 1995 and October 2000, when more than 100 mm
of rainfall were recorded in only 24 h. After this, the
pollen counts failed to recover its normal values.

Cannabis is a sporadic taxa, appearing in years
with a prevalence of south-eastern direction winds of
north-African origin, although there are also some lo-
cal growths. Other interesting types includeApiaceae,
Fagaceae and Lamiaceae, entomophilous species
well-adapted to arid environment, whose presence
was only noticeable after episodes of wind gusts,
relatively frequent in the areas, but with a high re-
currence in 2000. Rather than effect flowering, winds
at speeds of more than 60 km/h favored re-floating
of pollen grains deposited on the ground and
leaves.

The above findings show how airborne pollen con-
centrations may be used as indicators of vegetation
response to changeable meteorological conditions in
a particular area where water stress, rigorous temper-
atures and high mountain character affect the normal
development of the flora. In general, the flowering of
tree species is more affected by the conditions in the
months prior to flowering. Thus, very low minimum
temperatures may affect both the water availability and
the accumulation of the required number of hours of
heat to break dormancy. The distribution of rainfall
throughout the year is also important, since a regular
rainfall regime ensures a recovery of aquifers and per-
manent water availability. Herbaceous species present
the most immediate response to weather conditions.
A more intense flowering has been observed in herba-
ceous species if rainfall occurred in the 2–4-week pe-
riod prior to flowering. In case of rainfall during their
principal pollination period, then this was prolonged.
However, torrential rainfall is not favorable for any
species to flower due to the damage caused to the
land surface. Lastly, high temperatures seem to favor
flowering of species adapted to arid conditions, that
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show on the contrary stress during prolonged periods
of droughts.
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F., Garćıa, J., 2001. Gúıa de las plantas de polen alergógeno
en la Región de Murcia y España, Murcia.

Neilson, R.P., Wullstein, L.H., 1980. Catking freezing and acorn
production in gambel oak in Utah. Am. J. Bot. 67, 426–428.

Raven, P.H., Evert, R.F., Eichhorn, S.E., 1992. Biology of Plants.
Worth Publishers, Inc., New York.

Rivas Mart́ınez, S., 1987. Memoria del mapa de vegetación en
España. ICONA, Madrid.

Rodá, F., Retama, J., Gracia, C.A., Bellot, J., 1999. Ecology of
Mediterranean Evergreen Oak Forest. Springer-Verlag, Berlin.

Sabariego, S., D́ıaz de la Guardia, C., Mota, F.J., 1998. Aero-
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