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Abstract Daily variations in Cupressaceae pollen Although species of three genei@upressus, Thuja
counts were analysed, together with climatic variablesand Juniperu$ are relatively common in the province of
the southwest of Spain, in order to understand the bio€liérdoba, only those dfupressusare sufficiently com-
matic variables affecting Cupressaceae flowering inmeon to produce enough airborne pollen during air sam-
Mediterranean climate. The study was carried out usipiing. Juniperus species are found in the mountains,
the Spanish Aerobiology Network recommendations, usrth and south of the province, far from urban areas.
ing a Burkard Hirst-type spore trap. Regression analy3dsijaspecies are used throughout the city as hedges, but
were applied to the pollen counts of the winter monthstbeir pruning does not usually allow them to blossom in-
13 consecutive years. The regression analysis appliedotélower. The different species &fupressusre not na-
each year indicated that temperature is the most impire to southern Spain but are adaptable enough to grow
tant variable to include in the model. Temperature affeat-the area. During the past 40 years, trees of this genus
ed the pollen counts differently according to the yeatyave been planted profusely for reforesting the moun-
climatic trend. During the coldest years, pollen courmins around Cérdoba. This provides a good example of
depended on the minimum temperature, while in thew environmental change can produce an important ep-
warmest ones they were affected by higher temperatuidemiological effect, similar to what occurred in Bari, It-
However, during the driest years, pollen counts dependdyl (Caiaffa et al. 1993).

more on the humidity level, while in the wettest years Airborne pollen counts do not usually separate Cu-

they depended more on the hours of sunshine. pressaceae pollen from that of Taxaceae and Taxodiac-
eae, because of their similar morphology. However, spe-
Key words Cupressaceae airborne pollen - cies from Taxaceae and Taxodiaceae are not common in

Biometeorology - Allergenic pollen - Pollen forecast  urban areas.

Cupressaceae pollen plays an important role as an air-
borne allergen in the Mediterranean area, particularly in
Introduction Italy, France and Israel. Moreover, the diagnosis of aller-

gy to Cupressuss usually unequivocal in Mediterranean
The Cupressaceae family produces stenopalynous potlenntries since this genus has its pollination season in
grains, characterized as spheroidal, intectate and mortbp- winter, when no other plant is flowering (D’Amato
orate, with a distinct annulus. The pollen has remainadd Liccardi 1994). This type of pollen is most common-
largely unnoticed due to its small size and its tendencylyofound in the atmosphere of the city of Cérdoba, ac-
fracture. Its structure is uniform and consists of round ¢ounting for at least 30% of the total pollen count during
polygonal scabrate microverrucae or microgemmadhke winter season (Ruiz de Clavijo et al. 1988). However,
which may be covered with microechinae (Bortenschlia-was only in the 1990s that the Allergy Unit of the
ger 1990). Reina Sofia Hospital gave importance to Cupressaceae
pollen as an allergen. A positive skin test reaction was
observed in 35% of allergic patients (Guerra et al. 1996).
It is well known that the atmospheric pollen concen-
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allow pollen release only in dry weather, when cod& W). The climate of Cérdoba is typically Mediterranean with a
scales become separated (Gregory 1973). Once po‘"@ﬁk continental influence. The average annual precipitation is

: ; ; mm and the average yearly temperature is 18°C.
?f:gilpgish;griakl)?dig trgﬁ:;g?t’ other variables will Cont%PThe present study was undertaken using the Spanish Aerobiol-

) _ogy Network (REA) recommendations, using a Burkard Hirst-type
Because of the prevalence of this type of pollen in aifore trap. Daily pollen counts were obtained by means of four
region, the influence of the most important meteorologentinuous horizontal scans, at a magnification of 400x. Counts
cal variables on daily pollen counts was investigated vyﬁlre multiplied by a factor of 0.54 in order to give a daily mean

; . L I& ollen concentration per cubic metre of air.
order to achieve a better understanding of the bIOCIIm"’R":Pollen counts for the winter months (from 21 December to 21

conditions governing Cupressaceae flowering phenolagsirch) of 13 consecutive years (1982-1994) were collected. The
in a Mediterranean climate. main pollen season has been defined as the period of the year

. . - efsson 1981). Acknowledging that the frequency distribution ap-
tried to predl_ct only f[he most significant parts of the a oximates to a bell-shaped curve, this procedure eliminates the
nual pollen time series, such as the date of onset of [t tails of low values at the start and the end of the season which

pollen season or the dates of peak pollen counts. Lessnal not accord with local phenology and may introduce an error
tention has been paid to models giving forecasts for edte statistical analysis. In order to decrease the daily stochastic

; pling error, the 5-day moving average of each annual Cupres-
day of th_e_ main pollen season. Pollen forecast mod eae pollen profile was calculated before submitting the data to
can be divided into two groups: those centred on multhy statistical analysis.
ple regression analyses (Emberlin and Norris-Hill 1991a; Cupressaceae pollen seasonal data for 13 consecutive years are
Galan et al. 1995) and those centred on time series apigisented in Table 1. Due to technical problems related to the sam-
ysis (Moseholm et al 1987) Because the latter methﬁg motor, the pollen counts for the years 1982, 1985, 1988 and

: ¢ iable. th . I i 9 are incomplete. In order to understand the influence of mete-
Incorporates, as a variable, the previous polien countSgkfiggical variables on daily pollen counts, the maximum, average

to the date for which a forecast is needed, it generalhy minimum air temperatures, average relative humidity, total

gives more precise forecasts. However, the models hdai#y rainfall and hours of sunshine have been studied. Meteoro-

only been applied to herbaceous taxa, such as grass?@ﬁ' data was supplied by the Meteorological Station of
rao

: ba Airport (National Institute of Meteorology). Linear, poly-
ragweed, which show a clear and recurrent pollen pro gmial or multiple regression analyses have been applied to the

year after year (Comtois and Sherknies 1992), i.ed#ly meteorological and palynological data for each year to ob-
trend that is easy to extract directly from the cumulativan the best possible predictive equation.

pollen counts. This is not the case for most tree species

and certainly not for Cupressaceae. This family is the

first to flower, at the end of winter, at a time when varResults

able temperature trends make it unlikely that a particular

pattern will recur over the years. Our study was therefddaring the period studied, the main Cupressaceae pollen
built on the application of regression analysis. season was found between the months of January and
March (Table 1). The start of the season varied between
3 January and 26 January. The length of the pollen sea-
son varied between 39 and 71 days, and the highest con-
Cordoba is a semi-rural city of 300,000 inhabitants located in frgNtrations of pollen were recor(_jed between 11 February
southwestern part of the Iberian Peninsula, at an altitude of 128Rd 7 March. The maximum daily average was recorded

above sea level, in the Guadalquivir valley (37° BDand 4° in 1991 and accounted for 1002 grains per cubic metre of

Materials and methods

Table 1 Descriptive parameters of each Cupressaceae pollen season (198:-1994)

Years Total Start of End of Season Maximum daily Date maximum
annual season season length value of value recorded
pollen (days) pollen
(grains/n®) (grains/n3)

1982* 1460 26 Feb 22 Mar 25 174.72 7 Mar

1983 2428 25 Jan 4 Mar 39 752.22 22 Feb

1984 1621 14 Jan 17 Mar 64 341.67 2 Mar

1985* 895 27 Jan 16 Mar 49 100.28 23 Feb

1986 1269 19 Jan 20 Mar 61 333.26 28 Feb

1987 1833 3Jan 12 Mar 69 244.68 28 Feb

1988* 2462 18 Feb 13 Mar 25 606.02 19 Feb

1989* 464 8 Jan 4 Feb 28 96.14 23 Jan

1990 1979 15 Jan 15 Mar 60 252.78 3 Mar

1991 4035 13 Jan 11 Mar 58 1001.9 23 Feb

1992 4025 26 Jan 10 Mar 45 413.19 23 Feb

1993 4026 17 Jan 18 Mar 61 373.56 14 Feb

1994 1528 13 Jan 25 Mar 71 126.72 11 Feb

* Incomplete seascn
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Table 2 Average yearly cli-

matic conditions (1982-1994). Tare (°C) Tmax (°C) Tin (°C) TracTmin Rainfall I—(|)umm|d|ty
Mean values for average tem- C) (mm) (%)
perature T, maximum tem-
peratureT::)y), in minimum 1982 12.0 17.9 6.1 11.8 255 75
temperature ), rainfall and 1983 10.8 18.1 3.5 14.6 127 71
humidity for the three winter 1984 9.5 15.2 3.9 113 145 74
months of each year are shcwn 1985 10.7 16.5 5.0 115 222 73
1986 10.3 15.4 5.2 10.2 185 81
1987 11.3 17.1 55 11.6 231 78
1988 11.6 17.6 5.6 12.0 128 79
1989 11.9 18.3 5.3 13.0 119 74
1990 12.4 19.0 5.9 13.1 94 73
1991 10.4 15.7 5.0 10.7 511 80
1992 10.2 17.5 3.0 14.5 104 67
1993 10.8 18.4 3.3 14.1 9 65
1994 11.2 18.0 4.6 13.7 106 71

Table 3 Polynomial regression equations used to forecast the deable 4 Multiple regression equations used to forecast the daily pol-
ly pollen catch (5-day moving averagg,using the different mete- len catch (5-day moving averageysing the different meteorological
orological variablesx) of the hours of sunshine, humidity, maxivariables of the hours of sunshingHj, rainfall (R), humidity H),
mum temperaturelf, ), minimum temperatureT(,,) and average maximum temperaturer(,,,), minimum temperaturer(,,) and aver-

temperatureT,,o age temperaturél{,)

Years Variable X) R2 Year r2
1982 Sunshing=-861.8+332.% —42.8x2+1.85x3 73% 1982 y=91.094-4.6017,,,+8.795 SH 36%
1983  Tpiny=—4.18+0.6%+0.95x2 77% 1983  y=195.93-11.9,+36.86T,,,—31.67R 64%
1984 Tmin Y=392.4—552.&+265.4x2—36.14x3 87% 1984 y=82.049+3.401 ,,,—477 SH-1.07H 13%
1985 T Y=624.4—63.4+1.64x2 40% 1985  y=70.11-2.818,,~0.656R 23%
1986  TaxY=—9.08+2.28-0.52x2+0.03x3 44% 1986  y=-31.27+41.803,,18.39T,,,—18.69 MIN T 38%
1987 T, Y=—3.05+0.38X%+0.00753x2—0.00021x3  43% 1987  y=—46.12+3.72,,+2.09 SH 39%
1988  T,,Y=2.94-1.0%+0.46x2 85% 1988  y=-49.906+16.89,,+12.258 SH 24%
1989 Humidityy=-77.8+2.3%-0.018x2 61% 1989 y=125.95-3.6d ,,,,+2.086 SH-0.781 70%
1990 Humidityy=—23.79+0.75%—0.00577x2 67% 1990 y=92.036+3.676,,1.28H 23%
1991 T, Y=241.5-37.9+1.44x2 73% 1991  y=-165.109+22.128, +6156 SH 38%
1992 T, Y=—1.18+1.6%-0.06x2 15% 1992  y=126.31-5.8T,,,+9.53T,,,+7.97 SH 28%
1993  TpaY=—26.59+1.9K 9% 1993  y=-42.01+3.376,,,+3.83 SH 13%
1994 Humidityy=-39.279+0.86% 24% 1994 y=-40.351+0.674,,,+0.697H 11%

air. The end of the season was found between 4 Matemperature, followed by humidity. Only once (in 1982),
and 25 March. was the length of sunshine predominant. Since the poly-
Table 2 represents the average climatic conditions fammial order changes yearly, it was not considered prac-
the three winter months of each year. Data from this tezal to use these equations for real-time forecasting.
ble suggest that some winters were clearly colder with Bimerefore, analyses were repeated for each year using
average minimum temperature below 4°C (1983, 19&#ly multiple linear regressions (Table 4).
1992 and 1993). The warmest winters were 1982 andBecause variations in pollen counts for the consecu-
1990. The winters experiencing the highest degreetiok years 1983 and 1984; 1985, 1986 and 1987; 1989
precipitation (total rainfall over 119 mm) were 1982nd 1990; and 1991, 1992 and 1993 are best explained
1985, 1989 and 1991 while the driest winters (total raibpy respectively, minimum temperature (1983 and 1984),
fall below 100 mm) were 1990 and 1993. During the laraximum temperature (1985, 1986 and 1987; and then
ter year, only 9 mm of rain was recorded. 1991, 1992 and 1993), and humidity (1989 and 1990)
Figure 1 represents daily pollen counts, temperatfi@ble 3), we can combine these yearly equations into
and rainfall for each year. Their analysis reveals that, efiuations for multiple years as follows:
ter an initial priming of decreasing temperature, and j )
the absence of subsequent rainy days, pollen countsi%gfoagéj 3%8;14+ 1.98¢2: 12 = 39%
crease together with an increase in temperature. We Yan I re= 0
therefore observe a pollen curve characterized by onel 885, 1986 and 1987:
several peaks. y=-98.3+23.08-1.532; r2=15%
o e ot o e o ana 1000;
counts were obtained with polynomial regression. THe ~ : 060906, 1= 3%
explained percentage variation in pollen count rang&#8l91, 1992 and 1993:
from 9% to 87% (Table 3). The most important factor ys= 194.95 — 44.72+ 3.66¢2 — 0.083; r2 = 8%
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Fig. 1 Daily Cupressaceae pollen variation (5-day moving averagepe pollen variation are temperature and the hours of
O o o Aot o Soe o sl vary phine. while refative humidiy has the highest nega
because of variations in the starting date of the ch))IIen seasonry X effect. Under the. influence O.f thes‘? variables the
scales of male cones in some conifers will open or close
(Gregory 1973). Higher temperatures provoke air con-
These regressions consistently explain less of thertion and as the air becomes turbulent pollen is dis-
variation in daily pollen counts than those establishpdrsed (Norris-Hill and Emberlin 1991).
for individual years. As Table 3 suggests, there is alwaysThe usual effect of rainfall is to wash out particles in
a change in the regression coefficients for consecutihe atmosphere, at least when heavy showers occur.
years. Even when the regression equations used ltlght rainfall, for its part, can bring clouds of particles
same regression variables, we often see a change infriira the highest layer of the atmosphere to the ground.
direction of their effect on a yearly basis (for exampl&his is due to the coalescent effect of water drops on pol-
the coefficient applied to the same variable can be nelga grains, which then act as condensation nuclei. More-
tive for one year and positive for the subsequent yeaer, light rainfall, together with a turbulent situation,
Only relative humidity seems to be associated with mormay provoke a re-suspension of the particles that have
constant regression coefficients. Therefore, the meanpeeviously been deposited on the ground or on any obsta-
gression coefficients are not really meaningful when age (Emberlin and Norris-Hill 1991b). Finally, the har-
plied to the “joint consecutive years” data set. Indeadpmegate characteristic of the Cupressaceae pollen
the Spearman’s correlation coefficienp) (found be- grains permits them to inflate when humidity is high,
tween the mean Pearson’s coefficient for consecutived they fall down as they become heavier.
years and the one found for the cumulative data set isThe daily pattern of Cupressaceae pollen counts was
0.80 @ 0.06). quite different every year (Fig. 1). This is because we
have a different meteorological situation each year. Some
winters are colder and drier, while others are warmer or
Discussion present significantly higher levels of precipitation (Table
2). In climatically different years, it is to be expected that
Our results agree with the findings of previous papetBe important meteorological variables will differ, and
The main variables with a positive effect on Cupressdhis is reflected in our predictive formulas. Similar con-
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Fig. 1

clusions were reached by Emberlin and Norris-Hibgical variable that will produce the most reliable pollen
(1991a) in London for Urticaceae pollen. forecast.

The regression results show that temperature is thdf multiple regression analysis is used for all the years
most important parameter to be included in any modtlken together, temperature and the hours of sunshine ex-
However, in the driest years (e.g. 1989 and 1990), poll@ain most of the variation in the daily Cupressaceae pol-
counts are linked more to the humidity level, while ilen counts, and are therefore the most efficient coeffi-
years with heavy rainfall (e.g. 1982, 1987 and 199ZLjents to use in unknown situations (i.e. when meteoro-
pollen counts are linked more to the hours of sunshinelolgical characteristics of the whole winter are unknown).
was also shown that different threshold temperatures witbwever, these variables only explain, on average, 8% of
affect pollen counts in different years. In the coldeste total variation in Cupressaceae day-to-day pollen con-
years (e.g. 1983, 1992 and 1993), pollen counts couldceatrations. The average predictive formula is as follows:
linked to minimum temperatures, while in other years_
pollen counts were governed by maximum temperaturé/s._ —23.11 + 5.557 ¢+ 2.38(SH)

From 1991, a 3-year drought made it difficult to find/hereT,, = average temperature and SH = hours of sun-
a dominant meteorological variable that significantly aghine
fected the Cupressaceae daily pollen curve. It can beNe have only presented here only results related to
seen that in years with minimum temperatures below 48€tistical analyses. With more field data, particularly
(1992 and 1993) more airborne pollen was registergldenological data, it should be possible to produce bio-
than in 1994, when minimum temperatures were highleigical models, i.e. models that could reproduce the
For this reason, temperature, and sometimes relative Whole pollination cycle of Cupressaceae.
midity and the hours of sunshine, directly influence Cu-
pressaceae daily pollen variation, but their relative em:AQ:tknowledgements The Spanish authors are grateful to the DGI-
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