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Abstract

In Switzerland the concentration of allergenic pollen decreases with increasing elevation of the sampling site of the
Swiss pollen measuring network. The aim of this study was, to compare the pollen concentrations of five different
localities in the Swiss Alps and in the Jura mountains, to get an idea of the differences in the pollen abundance in
altitudes above 1000 m. The investigated localities are: La Chaux-de-Fonds (1040 m), Wiesen (1420 m), Davos
(1600 m), Samedan (1705 m) and Gitsch (2287 m). These pollen sums were compared to the Swiss plateau
(Basel 273 m). Basel, La Chaux-de-Fonds and Wiesen show clearly higher pollen values than Davos, Samedan and
Gutsch. Pollen concentrations@brylus Alnus glutinosatype andrFraxinusare reduced with increasing altitude

and are only a small problem for allergies above 1008etulapollen are also reduced in the higher localities, but

there still occur many days with high pollen concentrations. Esped@aflylapollen from medium range transport

can play an important role for allergies in higher localities. The total grass pollen sum does not decrease up to an
altitude of 1500 m. The grass pollen concentration depends more on factors like composition of the local grassland,
land use and wind situation.

Pollen concentrations at higher elevations is influenced by the local vegetation, a reduced pollen production,
land use, topography, exposition, wind velocity and wind direction. These factors modify the pollen concentration
considerably. Due to the complex topography of the Prealps and Alps, it is therefore not possible to propose a
general rule of pollen reduction with increasing altitude.

1. Introduction tion is not the only factor that influences the aerial
pollen content. The pollen production of the plants
In the Swiss Alps and in the Jura mountains many normally decrease with increasing altitude, because of
people live in villages or small towns in altitudes a shorter growing season and therefore worse grow-
above 1000 m. Many of these places are also importanting conditions (Markraf, 1980; Landolt, 1984; Moe,
for tourism. Several studies show, that those regions 1998). Additionally important are climate, relief, wind
have generally a lower aerial pollen concentration than exposition and meteorological conditions. In higher
the localities on the Swiss plateau with an altitude of localities pollen concentration is enhanced by medium
250-600 m (Markgraf, 1980; Leuschner and Boehm, range and long distance transport of pollen (Markgraf,
1989; Frei, 1997; Frei et al., 1997). In the Swiss Alps 1980; Jochimsen, 1986; Peeters and Zoller, 1988; Frei,
and Prealps many climate health resorts are situated,1997).
where pollinosis and asthma patients benefit from this ~ The aim of this study is to contrast the pollen
situation and get a reduction from their symptoms counts of five different localities in the Swiss Alps and
(Leuschner, 1994). With increasing altitude the local in the Jura mountains, to investigate the differences in
vegetation changes from a deciduous forest to a mixed the pollen distribution in altitudes above 1000 m (Fig-
forest and to a conifer forest. But the local vegeta- ure 1). These pollen sums were contrasted with pollen
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: —— The volume or mass flow of the Burkard pollen
i"1"—”:: - - trap is dependent on the air density, that is on pressure,
- Bl temperature and relative humidity of the atmosphere.
i r-é:,I ot When we measure in higher locations, this effect has
Sy ¢ R to be studied. At an altitude of about 2300 m at Gitsch
i oo, o 4 R o amean air pressure of 770 hPa and a mean temperature
j:';:“—'- . ! 1 :' of —0.5°C is measured. Compared to Basel (979 hPa,
F o i H 9.5°C) the differences are 209 hPa and® @) respect-
i . ively. Because of the reduced air density at Giitsch,
the sampling efficiency of the Burkard pollen trap is
) . ) ) . decreased by approximately 10%. This means that the
1 Bk cETam| ST pling pariod: 185 15407 . . . .
2  LoChowmede-Fords (1040 mi sempling paricd: 19531997 counting error (Comtois et al., 1999) is bigger than
3 W (141 m) AaTipling pansdt 1. 1063 the influence of altitude. Therefore the pollen concen-
S e | e trations of higher altitudes are not corrected in this
E (i [T m) Al g paned 1 1908 Study.

The limits for the number of days with high
pollen values were chosen as followin@orylus
Alnus Betula 70 pollen/nT3 day !, Fraxinus 100
values of the Swiss plateau (Basel 273 m). The res- pollen/nT3 day™!, Poaceae 50 pollen/ni day?,
ults can be used to advice pollinosis patients to escapeRumex25 pollen/ n3 day™*. They correspond with
from the pollen situation at their place of residence. the thresholds used in Switzerland for high concentra-

La Chaux-de-Fonds (1040 m), Wiesen (1420 m), tions which can cause hayfever symptoms.

Davos (1600 m) and Samedan (1705 m) are villages or

small towns in a rural environment surrounded mainly ) )
by conifer forests. The most allergenic species in 3- Results and discussion
Switzerland,Betulaand Poaceae, are present at each

sampling site, except at Gltsch. Gitsch (2287 m) is In general, the six localities can be divided in two
situated above the actual timberline. The local veget- 9"0UPS. Basel (273 m), La Chaux-de-Fonds (1040 m)

ation consists of alpine meadows. Up to an altitude @"d Wiesen (1420 m) show clearly higher pollen val-
of 2000 m growAlnus viridis Larix andPinus mugo €S than Davos (1600 m), Samedan (1705 m) and
This wind exposed station shows the effect of medium GUtsch (2287 m). As expected, the pollen concentra-
range transport (Frei, 1997). The comparison of Davos ti0ns on the Swiss plateau are the highest, except for
(1600 m) and Wiesen (1420 m) is interesting, because the Roaceae pollen._ But th_ere are differences within
these two localities are only about 20 km apart from the different allergenic species (Figure 2).

each other in the valley of the Landwasser.

Figure 1. Location of the investigated pollen sampling sites.

Corylus, Alnus glutinosaype,Fraxinus

The pollen concentration @orylus Alnus glutinosa
type andFraxinus decrease with increasing altitude.

_ For allergies, they do not play a significant role above
The pollen were collected with Burkard seven-day 1000 m. OnlyFraxinuspollen occurs at an altitude of
recording volumetric spore traps. From Basel, Davos 100 m in quantities which can cause hayfever. These
and La Chaux-de-Fonds pollen counts from 1993— o ,its coincide with the distribution of these trees and

1997 are chosen for this study (carried out by the ¢hrubs in altitudeCoylusand Alnus incanagrow up
Swiss Meteorological Institute). These stations belong {4 41 altitude of 1700 m. but above 1000 m especially

to the Swiss pollen measuring network. Apart from Corylus becomes less abundant. The upper limit of

these, pollen counts in Samedan date from 1983— o insandAlnus glutinosds about 1200 m asl.
1988 (Peeters 1986 and Peeters unpubl. data), in

Gutsch from 1994-1995 (by the Swiss Meteorolo- getyla

gical Institute) and in Wiesen 1991-1993 (Leuschner

unpubl. data). The pollen traps in Samedan, Gutsch Betula pollen are important also in higher altitudes.
and Wiesen are no longer in function. In the Swiss Alps birch can grow up to an altitude of

2. Materials and methods
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Figure 2. Comparison of the pollen concentrations for localities in the Swiss Alps, Jura mountains and the Swiss plateau (Basel 273 m, La
Chaux-de-Fonds 1040 m, Wiesen 1420 m, Davos 1600 m, Samedan 1705 m, Gutsch 2387 m).

2000 m. So birch trees are present near each of thepollen values. Even Giltsch (2287 m) has higher birch
sampling localities with the exception of Gltsch. pollen concentrations than Davos although all pollen
With increasing altitude the pollen production of at Gutsch originate from medium range transport. The
trees decrease remarkably (Markgraf, 1980). Moe same pattern is visible in the annual pollen sum and in
(1998) showed this effect follnus incanain south the maximal values. This shows that not only altitude
Norway, where the main reasons for this are climate and local vegetation is responsible for the birch pollen
factors like local summer temperatures, frost injury distribution in Switzerland.
and length of the growing season. The reduction of To explain the difference in birch pollen concen-
the pollen production is also important for birch. As trations, the pollen counts of Wiesen and Davos are
expected the Swiss plateau has the highest birch pollencompared (Figure 3). In the measuring period from
concentrations. But even in Samedan (1705 m) there 1991 to 1993 each year shows a different pattern of
are 5 days with high pollen concentrations. In Wiesen birch pollen transport. In all three years it is clearly
(1420 m) there are 12 days with high concentrations, visible, that in Wiesen high birch pollen concentra-
while La Chaux-de-Fonds (1040 m) has only 8 and tions are registered during the main flowering season
in Davos (1600 m) there is no day at all with high of birch on the Swiss plateau. The peaks correspond
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Figure 3. Birch pollen seasons 1991-1993 in Wiesen (1420 m) and
Davos (1600 m).

centration in 1992 from May 1 to May 19 originate

also from medium range transport. During this period,
birches of an altitude of approximately 900-1200 m
were flowering. Davos has exceptional low birch pol-
len concentrations. Birch is sparsely distributed in the
forests of the nearer surroundings of Davos. Addition-
ally there exist some birch trees in the garden of the
hospital near the Burkard pollen trap. So the local
pollen production is low. It seems that Davos is also
very well protected by the mountains from the wind

circulation, so pollen from lower altitudes are hardly

brought to Davos.

Samedan shows a similar pattern as Wiesen. Also
in Samedan most of th8etula pollen come from
medium range transport. Local pollen occurs only
about every three year in important concentrations.

Despite a mostly low pollen production of the local
birches, pollen from medium range transport can cause
allergies at higher elevations. The difference of the
birch pollen counts from year to year and the vary-
ing importance of transported pollen makes it very
difficult to forecast the birch pollen concentrations at
theses localities.

The advantage of higher altitudes is, that the pollen
season starts later and that the local pollen production
is mostly low. This is especially the case for Davos,
Samedan and Gutsch. Thanks to the special geograph-
ical situation, Davos has no day with higdetula
pollen concentration.

Alnus viridis

Alnus viridis is a shrub which flowers in June and
which grows from 1000 to 2300 m in the Alps and
Prealps. Therefore pollen concentrations increase with
increasing altitude of the sampling site. Basel and La
Chaux-de-Fonds show only Alnus viridis pollen from
medium range transport. Wiesen has on the average
1.7, Davos 2.2, Samedan 4.8 and Giitsch 9.5 days

well with those from the eastern Swiss plateau. Wiesen with high pollen concentrations. The same pattern is

is well protected from the general wind circulation,
but especially on sunny days a mountain valley wind

visible in the annual pollen sum where Gitsch shows
the maximum with 3122 pollen per year. The pollen

system is well developed (Nater et al., 1998). It brings trap at Glitsch is situated about 1 km away and 300 m

pollen from lower altitudes to Wiesen. 1991 and 1993
most of the birch pollen in Wiesen originate from this
transported pollen. Only in 1991 birch pollen from
local origin are registered (period May 21-June 10).
The local birches normally start flowering towards
the end of May. In 1992 and 1993 the local birches
produced only very few pollen. The high pollen con-

above of some individual speciesAlnus viridis but

on the opposite slope of the valley exists an extensive
Alnus viridis belt which is most likely the source of
these pollen. So in the Swiss Alps and Prealps people
with alder pollen allergies must be aware of high
alder pollen values in June which can cause hayfever
symptoms.
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Table 1. Mean starting date and mean maximum value of grass : ; :
pollen at different elevation in Switzerland (Basel 273 m, La grass pollen sum is much lower than in Wiesen but

Chaux-de-Fonds 1040 m, Wiesen 1420 m, Davos 1600 m, gdreaterthanin Davos.
Samedan 1705 m, Gutsch 2387 m)

: Herbaceous plantfRumex
Mean starting date  Mean date of

of high grass the maximum of Pollen of herbaceous plants play a role for allergies

pollen values grass pollen only in localities below 1500 m. As an example of the
Basel May 9 June 4 herbaceous planfRumexis chosen for a comparison
La Chaux-de-Fonds ~ May 24 June 16 between these stations. Only Basel, La Chaux-de-
Wiesen May 29 June 28 Fonds and Wiesen show days each year with high
Davos June 5 June 21 pollen concentrations. In Samedan and at Giitsch high
Samedan June 3 July 16 pollen concentrations occur periodically. During this
Gtsch June 15 June 24 survey, Davos never had any day with hifumex

pollen values. The reason for this differences may also
be the different agricultural use of the meadows and
pastures, the occurrence of differcRtimexspecies

and different pollen production of these species.
Poaceae

The Swiss plateau (Basel), La Chaux-de-Fonds and4. Conclusion
Wiesen show increased Poaceae pollen sums. There
is no decrease in the total grass pollen sum up to an At high elevation tree pollen values are distinctly
elevation of 1500 m. To the contrary, the total grass lower than on the low elevation of the Swiss plat-
pollen sum and the annual maximum value are the eau, so people with allergy to tree pollen benefit from
highest in Wiesen (1420 m). The only difference is, this reduction. AlthouglBetulapollen is not as much
that in Wiesen the grass pollen season starts aboutreduced as pollen @&orylus Alnus glutinosatype and
three weeks later than on the Swiss plateau (Table 1). Fraxinus the concentrations are decreased at higher
Davos, Samedan and Gutsch have rather low grass pol-altitudes. Additionally, the pollen season starts later at
len values. Davos shows the lowest grass pollen sums.high elevation. From phenological studies it is known
At Gltsch the comparable early date of the maximum that in Switzerland the delay is about 4—7 days/100 m
grass pollen value shows that the main amount of grassin spring (Defila, 1991). So many patients use this
pollen comes from lower altitudes. advantage to escape from the current pollen situation
The sum of grass pollen depends mainly on the on the Swiss plateau. The example of Wiesen shows
local and regional vegetation, the composition of the that — depending on the local and regional vegetation
species in the grassland, which change with increasingand even more on the local wind situation — pollen
altitude and the agricultural use. In the surroundings from medium range transport can occur in such num-
of La Chaux-de-Fonds meadows and pastures domin-bers that allergies are possible. Several papers describe
ate, so the grass pollen sum is greater than in Basel.that pollen from medium or long distance transport
Wiesen is a small village where most of the grassland are still allergenic and can produce allergic symp-
is used as hay meadows. In Davos over 80% of the toms (Wallin et al., 1991; Hjelmroos, 1992). In a
alpine grassland is used as pasture for cattle (Glnter,study at the polar timberline in Lapland, Hicks (1993)
1986). The hay meadows in the valley bottom occupy showed that the more open the local vegetation is, the
only a relatively small area (Landolt et al., 1986). Itis greater the proportion of pollen which comes from
possible that land use is responsible for the difference outside. In the mountain8lnus viridis could be a
in grass pollen concentrations between Wiesen and problem for people with allergies to Betulaceae. Its
Davos. The local wind circulation and the relief are pollenincreases with increasing altitude and can cause
additional factors influencing the grass pollen concen- allergies in June.
trations. This seems to be the case in Samedan where Poaceae pollen show a different behavior. In this
the valley is very large and open to winds, so pollen study there is no reduction of grass pollen up to an
can be transported better. In Samedan the grass polleraltitude of 1500‘m. Above 1500 m the grass pollen
concentration is high during 27 days, but the yearly sum and the maximal daily counts decrease clearly.
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But there are still days with high grass pollen con- Giinter Th.: 1986, Nutzungsgeschichte. In: O. Wildi and K. Ewald

centrations depending on the local circumstances of a  (eds), Der Naturraum und dessen Nutzung im alpinen Touris-

Iocality m_usgeblet von Davos, Ergebnisse des MAB-PrOJektes Davos,
' . . . Eidg. Anstalt fur d. forstl. VersuchswesBericht289, 215-238.

Apart from the local vegetation, factors like alti-  picks s.: 1993, The use of recent pollen rain records in invest-

tude, topography, wind situation and mesoscale pollen igating natural and anthropogenic changes in the polar tree
transport are Very Important and modlfy the po”en limit in Northern Fennoscandia. In: B. Frenzel (ed:ﬁSCII-

. - . lations of the Alpine and Polar Tree Limits in the Holocene,
concentration. It is not possible to make a proposal Palaoklimaforschung Bang, 5-18.

for a general rule of a pollen reduction with increasing Hjelmroos M.: 1992, Long-distance transport Bétula pollen
altitude in the Alps. grains and allergic symptomaerobiologia8, 231-236.
It is necessary to determine the pollen content of Jochimsen M.: 1986, Zum Problem des Pollenflugs in den Hochal-

the ai d th I b tf pen.Diss. Bot 90, 1-249.
earan € polien season by measurement ior eaChLandoIt E.: 1984, Unsere Alpenflora, Verlag Scheizer Alpen-Club:

locality itself. If these are known, the Alps and Prealps  ziirich.
can be very suitable for allergic people so they can Landolt E., Zumbuhl G. and Krisi B.: 1986, Vegetation und land-

nd the time with hiah llen ncentrations on wirtschaftliche Nutzungsmdéglichkeiten. In: O. Wildi and K.
spe d the time wit ghest polien concentrations o Ewald (eds), Der Naturraum und dessen Nutzung im alpinen

the Swiss plateau n hlgher locations. Tourismusgebiet von Davos, Ergebnisse des MAB-Projektes
Davos, Eidg. Anstalt fur d. forstl. Versuchswes&ericht 289,
139-174.

Leuschner R.M.: 1994, Vergleich der Luftpollen an drei Messstel-
len: Davos-Wolfgang, Wiesen GR und Bag&lergologie17/11,
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