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Abstract The atmosphere of Mar del Plata city
(Argentina) was monitored using three different
pollen traps—Burkard, Rotorod, and Tauber—during
a flowering season (mid-winter to springtime) in
order to compare the diversity and amounts of pollen
grains collected in each trap. Sixty three percent of
taxa diversity was simultaneously recorded by all
three apparatuses. The five most abundant types of
pollen in the three traps were Platanus, Ulmus,
Quercus, Poaceae, and Fraxinus. The Tauber trap
contained the most pollen from taxa with the largest
grains, and exclusively trapped ten pollen types with
entomophilous characteristics. The amount of pollen
in each trap and local/extra-local plant abundance
were compared to elucidate the effect of the method
used on the pollen—vegetation relationship. The
correlation coefficients for total pollen were positive
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and significant between all pairs of traps. The
maximum peak was observed first in the Burkard
trap, in agreement with an increase in temperature,
but the general pattern in the three traps was similar,
with a maximum in early spring. Opposite deviations
from the mean value were observed for the Burkard
and Tauber data; these deviations were associated
negatively with wind speed and relative humidity,
respectively. This paper discusses whether in some
cases the pollen records could be used in an
equivalent manner, although with some limitations.
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1 Introduction

The concentration of pollen in the atmosphere is

subject to variation with time because of the repro-

ductive cycles of plants. Variation in pollen counts
also depend on:

1 the distribution of vegetation and pollen disper-
sion according to air flow, which cause
geographical variation of pollen abundance
(Latorre and Bianchi 1997; Latorre 1999c; Latorre
et al. 2001; Latorre and Caccavari 2006a); and

2 the sampling techniques used (Pedersen and
Moseholm 1993).
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Regarding the latter, different types of trap have
been used in the last 50 years to study the pollen
emitted to the atmosphere, but still no uniform
criterion has been agreed.

There are two basic types of pollen sampler:
1 gravimetric traps which mainly collect the grains
that fall by their own weight (Cundill 1998); and
2 volumetric traps that capture pollen grains and
other particles directly from the atmosphere
(Solomon and Mathews 1978).

The first type is used by phytogeographers and
paleoecologists as a means of understanding the
relationships between the actual pollen deposited and
the communities present, and as a guide to interpret-
ing fossil pollen assemblages. In this kind of trap,
pollen grains are deposited by means of a process
analogous to the incorporation of pollen into sedi-
ments. Thus these data can be used, in principle, as a
modern analogue for reconstruction of paleo-envi-
ronments (Hicks et al. 2001). The volumetric pollen
trap is commonly employed in allergenic research, in
order to warn sensitized patients when the allergens
are detected. It is also used to study the factors
affecting the reproductive rhythms of the flora and to
analyse dispersion according to the geographical
distribution of plants (Latorre 1999c; Levetin et al.
2000).

Many researchers believe that a volumetric instru-
ment (Burkard or Rotorod) is a good tool for
determining the composition of atmospheric pollen;
its results should be more representative of regional
vegetation (Gagnon and Comtois 1989). Also, traps
exploiting the sedimentation process of capture
(Tauber or Durham) would not be an adequate
instruments for indicating regional sources because
their results can over-represent local vegetation
(O’Rourke 1990; Pérez et al. 2007), although loca-
tion at ground level or use of one meter only could be
reasons for this local over-representation.

Meteorological conditions can have an important
effect on the differential capture of particles, depend-
ing on the type of trap used. The main factors are
wind speed (O’Rourke 1990) and precipitation (Hall
1992), although the magnitude of the effect can
depend on the size of the pollen grains. For example,
at low wind speeds, larger grains are more likely to
fall than smaller ones; for normal wind speeds,
however, the capture efficiency of particles between
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26 and 43 pm seems to be equal (Gregory 1973). On
the other hand, Bhat and Rajasab (1989) found that
volumetric and gravimetric traps are equally efficient
for determination of the qualitative and relative
contribution of the individual components of the
total aeroflora.

Because of the great variety of results available,
the purpose of this work was to elucidate how the
sampling method can affect the pollen results
obtained. The atmospheric conditions during capture
of the pollen grains have also been evaluated. This
work is focussed on a qualitative and quantitative
comparison of data collected with three types of
pollen trap, one gravimetric and the others volumet-
ric. The final objective was to assess relative
efficiency and representation of the nature of plant
sources.

The possibility of using recent pollen grain values
to provide a temporary scale for the recent past
(Hicks 1974) is a topic which is being thoroughly
investigated and developed by our research group.
Thus, because the Tauber trap is used to monitor
sedimentary deposition, we also tried to discover
whether the abundance of plants with larger grains or
the abundance of plants which are very near the trap
are similar to the abundances obtained with a
volumetric trap. The results could indicate whether
interpretation of paleo-environmental data could
underestimate the abundance of the taxa with small
pollen grains and/or overestimate local vegetation.
Finally, if the results from these two basic types of
trap were similar, we could conclude that both
records are comparable. In our work, information
from volumetric traps which have been operating
continuously for ten years in the Mar del Plata area
(38°03’ S 57°33’ W) (Bianchi 1994; Latorre 1999c;
Pérez 2000) could be used for general characterisa-
tion of the current pollen pattern which could then be
compared with sedimentary pollen data from the
Pampa grassland of Argentina (Majas et al. 1992;
Pérez et al. 1996; Prieto 1996).

2 Materials and methods

The pollen content of the atmosphere at Mar del
Plata (38°03' S; 57°33’ W), a city in the Buenos
Aires Province of Argentina, was analysed from
mid-winter to the end of springtime (25 July to 15
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November 1994). This period was chosen because the
pollen concentrations are highest and the diversity of
pollen types is greatest (Bianchi 1994). Three types
of pollen trap were placed on the roof of the
University building, at an approximate height of
20 m. The three traps were located 2 m apart to
reduce variation related to the proximity of the pollen
sources and so that their micro-environmental condi-
tions were the same (Hall 1992).

The Burkard is a volumetric trap which works by
suction (Hirst 1952), the Rotorod is a volumetric
impact trap (Ogden and Raynor 1967), and the
Tauber is a non-volumetric sedimentation trap
(Tauber 1965). Burkard samples were analysed every
2 h, those from the Rotorod on a daily basis, and the
Tauber trap was changed once a week. To make the
data from the three traps comparable, calculation of
pollen content was based on the longest period (i.e.
weekly). For the Burkard and Rotorod traps the
concentration is referred to a known volume of air,
and standard counting methods are used. For the
Burkard trap calculation is performed on the basis of
12 transversal transects at 200x magnification; for
the Rotorod calculation is based on two slender sticks
that operate for 1 min every 9 min throughout the
day, and analysis of the whole stick. The daily
Rotorod and Burkard values were added to yield the
final weekly data.

With the Tauber trap the number of grains
obtained depends on the area of sedimentation. A
foreign marker (Lycopodium) was added in order to
calculate the absolute value within a sample. The
counting technique applied was proposed by Bianchi
and D’ Antoni (1986). Briefly, to establish an accept-
able pollen sum, i.e. to obtain a result that accurately
represents the system analysed, “intervals of
recount” were established, using a quantity of
Lycopodium (e.g. 10 Lycopodium spores) as a unit
of measure. In each recount interval the number of
grains per taxon and the number of individual taxa
determined were counted. To ensure the recount gave
a valid result for the presence of significant taxa, a
curve of “minimum area” according to Muller-
Dambois and Ellenberg (1974), was drawn. The
graph shows the intervals of the recount on the x-axis
and the new taxa in each of the intervals on the
y-axis. This curve increases rapidly at the beginning
of the recount, and a “plateau” is reached when the
increase in the area swept is not accompanied by a

significant increase in the number of taxa. The size of
each recount unit is adjusted for each sample, because
the pollen content of the samples is very variable.
The final number of pollen grains counted per sample
was never lower than 200 pollen grains (Noetinger
et al. 1994).

We used percentage data to compare pollen traps.
The percentages enable general characterisation of
the pollen patterns because the relative values are
stable throughout the years (Latorre 1999c). Each
percentage value for one type of trap was calculated
independently but percentage values always refer to
the same specified time period (the week). The
beginning of the pollination period was set in the
week when at least 1% of the total pollen concen-
tration of the taxon was recorded.

The vegetation and the flowering data were
obtained by Latorre (1997, 1999b, c¢) and the methods
used are briefly described below.

The number of trees present in the streets, in the
private external gardens, and in the public parks, was
counted in an area of 2.25 km? with the pollen traps
as the geographical central point. This area includes
the local/extra-local vegetation (Prentice 1985) that is
the main source of the pollen collected (Halwagy
1988).

The herbaceous plant species present were char-
acterised monthly and the state of flowering was
found to be seasonal. The first survey was in late
June, the second in mid-September, and the third in
November (Latorre 1999c). To compare flowering
with the presence of pollen, only data from the
second survey were used because this was the period
when the concentration of pollen in the air was
highest. Information about flowering species was
grouped in taxonomic categories of family, according
to pollen categories. The area covered by the
herbaceous survey surrounds the pollen sampling
point. The area comprised land adjacent to the pollen
samplers and was bordered by railway lines. The
study area was no further than 800 m from the pollen
sampling point because that is the distance proposed
by Moseholm et al. (1987) in which pollen from low-
altitude sources, for example grasses and herbs, are
mostly dispersed. Within this area six sub-areas with
a length of 100 m and a width of approximately 20 m
were selected. Sub-areas 1 and 2 were located to the
northeast of the pollen samplers, the third to the east,
the fourth to the south, and the fifth and sixth to the
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southwest. In each sub-area, plots of 1 m x 1 m
were set at random and from each individual plot the
relative abundance of flowering plants in relation to
the total plants was estimated. The following con-
version scale derived from that proposed by Braun
Blanquet (1972) was used:

1 1/5 x 100,
2 2/5 x 100,
3 3/5 x 100,
4 4/5 x 100, and
5 5/5 x 100.

The mean value derived from all the plots analysed
per area was the datum used for comparison with
pollen value.

Temperature, relative humidity and wind-speed
data were measured by means of a weather station
installed next to the traps; precipitation data were
provided by the Servicio Meteoroldgico Nacional.
Spearman rank correlations were used to compare the
effectiveness of capture by each pollen trap and to
identify the type of sampler that better reflects plant
abundance. In addition, the correlation between the
weekly percentage of total pollen (arboreal and non-
arboreal) and the meteorological variables was cal-
culated (Sokal and Rohlf 1979).

3 Results
3.1 Pollen pattern characteristics

Seventy-five types of pollen were identified; 47 were
found in all three traps (common taxa). More pollen
from 41% of these common taxa was found in the
Tauber trap; most of these pollen grains (73%) were
larger than 30 um, with those of greater size being
Araucaria and the Mimosoideae type. The highest
diversity (65 pollen types) was also recorded for the
Tauber trap; ten pollen types were only found in this
trap (exclusive taxa). Nevertheless, these exclusive
pollen types were present as very low proportions
(smaller than 0.2%), with the exception of Solana-
ceae (0.9%) (Table 1).

Seventy-six percent of the pollen types did not
reach 1% of total pollen throughout the analysed
period. Platanus, Ulmus, Quercus, Poaceae, and
Fraxinus were the most abundant taxa, and accounted
for 62%, 67%, and 56% of the total pollen in
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Table 1 Pollen types (taxa) with a contribution to the Mar del
Plata spectrum below 1% (period July—-November 1994)

TAXA Burkard Rotorod Tauber

Aesculus

Alnus

Alternanthera
Ambrosia/Xanthium

Apiaceae

X
X

Araucaria

Artemisia

X X X X X
X X X X X

Asteraceae Asteroideae
Asteraceae Cichioroideae

Brassicaceae X X

® X ® X X X X

Caprifoliaceae
Carya
Caryophyllaceae
Citrus

X

Corrigiola

X ® X X

Corylus
Cucurbitaceae
Dodonea
Echium
Ephedra
Euphorbiaceae

X X X X ®& X

X X X X

Gomphrea
Gynkgo
Indeterminate

Lamiaceae

X X X X & X X X X

Lauraceae

Ligustrum

X ® X X X X

Liquidambar
Liriodendron
Malvaceae
Mimosoideae
Monocotyledoneae
Myoporum
Myriophyllum
Nothofagus

Olea

Plantago

X X X X X X X

Primula
Prosopis
Proteaceae
Prunus

Ricinus

X X X X X ® X X X X X X X @ & X

X X X X X

Rosaceae
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Table 1 continued

TAXA Burkard Rotorod Tauber
Rumex X X X
Rutaceae X
Salix X X X
Saxifragaceae ®
Schinus X X X
Solanaceae ®
Fagus type ®

Tsuga type ®

Tilia ®
Triglochin X
Typha X
Verbenaceae X X
Viburnum X X
Viola ®

A cross indicates that the taxon is present; a encircled cross
indicates that it is exclusive

the Burkard, Rotorod, and Tauber traps, respectively
(Fig. 1).

The total relative values of each pollen type were
highly correlated between traps. The percentage
deviations from the general average obtained from
the mean value for the three traps and for the 47
common taxa were similar for the Burkard and
Rotorod but opposite to those for the Tauber
(Table 2). The largest differences between Tauber
pollen percentages and values obtained in the other
traps were for Ulmus and Platanus. The first pollen
type was most abundant in the Tauber trap; the
second was least abundant in the same trap (Fig. 2a).

Correlations between the abundance of arboreal
taxa in local/extra-local vegetation and in the three
traps were positive and significant; the highest
coefficient was that for the Rotorod trap, followed
in decreasing order by the Burkard and Tauber traps
(Table 3). Platanus, Ulmus, Quercus, and Celtis were
the taxa with the highest pollen percentages in the
three traps relative to the percentage of vegetation.
They were not within the 95% confidence interval for
estimating pollen abundance according to plant
abundance (Fig. 2a).

For herbaceous taxa, the correlations between the
abundance of flowering plants during the period of
sampling and the abundance of pollen were signifi-
cant for the Burkard and Rotorod traps only and non-
significant but positive for the Tauber (Table 3). The

highest percentage of pollen was from the Poaceae,
the smallest from the Apiaceae. Both types of pollen
were not within the 95% confidence interval with
regard to the value expected according to the
abundance of plants in the vegetation near the traps.
For Urticaceae in the Tauber trap there was an
important difference compared with the other traps
and with regard to the abundance of vegetation, with
percentages pollen that exceed the percentage of
flowering plants (Fig. 2b).

3.2 Total pollen pattern and its relationship with
meteorological variables

The same general patterns were observed for total
pollen variations in the three traps in the months
studied (Fig. 3a). The temperature throughout this
period increased gradually, in accordance with the
season (late winter and spring); the frequent precip-
itation totalled 297 mm during the period (Fig. 3b).
The relative humidity was, in general, high
(79.5 £ 5%) and the average wind speed was
9.33 £ 2 km/h but varied throughout the period
(Fig. 3c¢).

The maximum amount of pollen in the Burkard
trap coincided with the maximum floral phenophase
of the arboreal anemophilous community. Both
maxima were recorded in the third week of Septem-
ber when the temperature increased by more than 4°C
compared with the previous week, and with the wind
speed and, despite the high relative humidity, rainfall
of 42.5 mm. The largest numbers of pollen grains in
the Rotorod and Tauber traps were recorded one
week later, when the highest wind speed of the period
occurred.

During the first three weeks of October the pollen
content of the three traps decreased gradually. The
maximum number of arboreal anemophylous species
in flower was recorded during the first two weeks of
October and started to decrease in the third week. Also
in October an increasing number of arboreal entomo-
phylous species and more than 50% of the herbaceous
plants were in bloom. Considering the floral pheno-
logical development of the 25 most abundant arboreal
anemophylous species, regarded as a “community”
(Latorre 1997), the decline of the phenophase was
recorded during October whereas its maximum
coincided with the Burkard maximum pollen
counts (third week of September). Simultaneously, a
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progressive increase in temperature occurred. Dur-
ing the second week of October precipitation was the
most abundant for the period (133.10 mm). The
atmospheric pollen decrease of this period was not
only related to precipitation but also to the low wind
speed.

There was a positive correlation among the weekly
data for total pollen in the traps; this means that if an

increase in the Burkard weekly amount occurred, it
also occurred in the Rotorod and Tauber traps. The
weekly amount of pollen also correlated positively
with the weekly average temperature for all the traps,
so an increase in pollen count coincided with an
increase in temperature and a decrease in pollen
count was significantly related to a decrease in
temperature during the period, irrespective of the type

Fig. 1 Pollen composition lower than exclusives
in each trap 1% total 0,04% Burkard
8%
° Platanus
0,
taxa between 22%
5-1% total
30%
Ulmus
13%
Fraxinus Quercus
7% 12%
Poaceae
8%
lower than
1% total exclusives R
otorod
8% 0,04% Platanus
Acer BOOS: 23%
Betula
Celti
Cheﬁoim taxa between
Cyperaceae 5-1% total
Juglans <« 25%
Moraceae
Myrtaceae Quercus
Papilionoideae
Pinaceae 13%
Populus Poaceae
Urticaceae o
Fraxinus Ulmus
9% 13%
lower than exclusives
1% total 1% Tauber
9% A
%
% ......
-
iR
taxa between ‘
5-1% total Platanus
35% 13%
Poaceae
9%

@ Springer

Quercus
9%

Fraxinus
5%



Aerobiologia

a o5 relative abundance of local-extralocal arboreal plants
o ® Burkard
%) ([ J O Rotorod
S 204
© X X Tauber
o
o
o~ 154
g
c 0 X O
© [ J
c 10 A
Q
©
< 5
I Q o X
X ¢
ot R o °8 O x & @ g BB R BB B RO BB
Q@ 9 8 9 @ E E § L QL T QO QOO X QO 5 0T N T O OB E Q QA AT
2 22=22:z3:5383883288:288¢588zs5:229282322223%¢
2 X = a 8 o;;',":o-c‘q',wooaoomaoEOoGO:ohhoE:&O’“
A 8 O o0 & a 3 8 3§ 5 O © © SE S 8 © gh—: > ®©@ O S ¢ S ©
£ ¢z £2 :2206 & g3 ~£% 2% °©g°ge 9 £
== FE = 3§ g3 £ 2
= s -
w
b 10 — ® Burkard T80
O Rotorod
%]
8 + X Tauber 60 =
relative abundance of local herbaceous flowering plants <
[}
c
2 6 )
= =
o 4 —
o 4+
R4 3
20 5
T (]
2+ X S
X (@]
o °
0 R R 8 | | B B Lo
Q (0] (0] Q Q Q Q Q Q Q (0] Q Q
3] [ 1] 3] 3] 3] 3] 3] 3] 3] 1] [ o]
Q [0 (] Q Q (0] Q Q Q [0 Q Q Q
Q o o o = o o Q Q o 5] c o
g ¢ ¢ & 5 ¢ & & § g £ § &
g = S o s g 3 @ £ S z 2 £
3 e < = & > § 5 7 -
g 2 @ @ s 8
c
(6] (6]

Fig. 2 Individual percentage values for each trap: (a, arboreal pollen types; b, non-arboreal pollen types) and percentage values for

the abundance of plants in the surrounding vegetation

Table 2 Rank correlation coefficients between pairs of traps

Taxa Standard deviation
Burkard-Rotorod 0.90%** 0.16
Rotorod-Tauber 0.85%*:* —0.76%**
Tauber—Burkard 0.86%** —0.62%**

Data correlated were percentage values of total pollen from
each trap, for total pollen of common taxa (n = 47), and
standard deviation from the mean value obtained from the
average value for the three traps

et < 0,001

of trap. The percentage deviations from the average
pollen values indicate particular variations in each
trap that could be linked to atmospheric variables that
affect capture differently, depending on the method

used. There was a negative correlation between
differences between the Burkard and Tauber data; if
in one week the Burkard trap recorded more pollen
than the mean, the Tauber recorded less pollen than
the mean; this negative correlation was significant.

Table 3 Rank correlation coefficient between individual pol-
len percentages from each trap and plant source percentages
(34 genera or families of trees and 13 families of herbaceous
plants)

Arboreal vegetation Herbaceous vegetation

Burkard 0.454 % 0.637*
Rotorod 0.52%** 0.575*
Tauber 0.401* 0.454 ns

**¥p < 0.001; **p < 0.01; *p < 0.05; ns: not significant
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Deviations for the Burkard trap correlated negatively
with wind speed and positively with relative humid-
ity; in contrast, those for the Tauber trap were
negatively correlated with the relative humidity
(Table 4).

3.3 Taxa with more than 5% of the total pollen

The Platanus pollination pattern (Fig. 4a) had a
unique peak in all three traps; in the Burkard,
however, the maximum was reached one week before
that in the others. Maximum pollen values in the
Rotorod and Tauber traps and maximum floral
phenophases of Platanus trees in the surrounding
vegetation were observed simultaneously (between
16 September and 1st October). The start of the
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pollination period was detected simultaneously in the
three traps and coincided with the start of flowering
period (14 September).

Fraxinus pollen (Fig. 4b) was collected through-
out the period studied; one, two or three peaks of high
values were observed depending on the pollen trap.
Although in the urban vegetation there are three
species that bloom successively: F. excelsior,
F. americana, and F. excelsior var. aurea, the
greatest percentage of this pollen type in the three
traps was in agreement with the flowering period of
F. americana (early September—mid of October). The
flowering of F. excelsior began before the atmo-
spheric monitoring started.

Celtis pollen reached 5% of total counts in the
Burkard trap only; in the Tauber it was 4% and in the
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Table 4 Rank correlation coefficients of weekly total pollen
percentages and their standard deviations from the mean:
between traps and with the meteorological variables

Total pollen Standard

deviation
Burkard Rotorod 0.68** —0.36
Rotorod Tauber 0.68%* —0.44
Tauber  Burkard 0.90%**  —0.53*
Burkard Temperature 0.66%* 0.07
Wind velocity 0.15 —0.52*
Relative 0.17 0.63*
humidity
Precipitation 0.19 0.03
Rotorod Temperature 0.51(*%) 0.04
Wind velocity 0.42 0.33
Relative —0.18 —0.04
humidity
Precipitation 0.44 0.13
Tauber  Temperature 0.62* —0.37
Wind velocity 0.37 0.14
Relative 0.06 —0.54*
humidity
Precipitation 0.41 —0.26

#Ekp < 0.001; **p < 0.01; *p < 0.05; (*) p = 0.05

Rotorod only 2%. There are two species that bloom
successively; one (C. australis) is present in the local
urban vegetation and the other (C. fala) is part of the
natural vegetation forming small forests outside the
city. The start of Celtis pollination period in the three
traps (Fig. 4c) and the start of the C. australis
flowering period were recorded simultaneously (14
September). The contribution of C. australis pollen to
the Burkard trap was relatively low with a maximum
of 6% of total Celtis pollen. In contrast, the C.
australis pollen peaks in the Rotorod and Tauber
were higher—27% and 19% of Celtis pollen, respec-
tively. Seventy three percent of Celtis pollen caught
by the Burkard trap could be attributed to C. tala; in
the Rotorod and Tauber traps this contribution was
lower (26% and 39%, respectively). The C. tala
flowering period extended beyond the period studied.

Two Quercus species are present in the surround-
ing vegetation; their flowering periods are different.
The Q. robur pollination period (Fig. 4d) started
a week earlier in the Burkard trap and coincided with
the beginning of its flowering period (14 September).
Nevertheless, maximum and end of the pollination

period were simultaneously observed in all three
traps; these events also coincided with Q. robur
maximum floral phenophase (28 September and 21
October, respectively). In contrast, the Q. ilex flow-
ering period started at the beginning of November
with the maximum phase on 14 November; the floral
phenophase ended in December. Only the Burkard
and Tauber traps recorded a high proportion of pollen
grains from these species (Fig. 4d).

The beginning of the Ulmus pollination period
(Fig. 4e) was detected earlier in the Burkard and
Tauber traps, in the same week as the U. pumila
average flowering phenophase started (24 July). Two
species are mainly represented in urban vegetation:
U. pumila and U. procera. Maximum pollen counts
were recorded at the same time in the three traps, but
one week after the maximum flowering phase of both
species had occurred. Relative amount of pollen
during the week of maximum flowering was higher in
the Burkard and Tauber traps.

Poaceae pollen (Fig. 4f) arises from different
species in the vegetation; the amount of this type of
pollen becomes important in October. Poaceae pollen
dominates the atmospheric spectrum between
November and December (Latorre 1999c), thus the
period analyzed in this work did not include the
whole pollination period.

Urticaceae pollen (Fig. 4g) reached 5% of total
pollen only in the Tauber trap; in this trap the pollen
pattern had a single peak of high values in the second
fortnight of September (70% of total Urticaceae
pollen). In the Rotorod trap 50% of Urticaceae pollen
was recorded in the first fortnight of October. In
contrast, weekly differences between Urticaceae
pollen levels for the Burkard trap were smaller than
for the other traps.

4 Discussion

The same great atmospheric pollen diversity observed
previously in Mar del Plata, especially in springtime
from Burkard records (Latorre 1999a; Latorre and
Bianchi 1997), is reflected in the results from the
three types of sampler studied here. Nevertheless,
only five pollen types (Platanus, Ulmus, Quercus,
Poaceae, and Fraxinus) account for more than half
of the total pollen, in agreement with previous
results for the same place (Latorre 1993; Latorre
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Fig. 4 Pollen curves from
taxa with a contribution
>5% of the total pollen in
each pollen trap. The X-axis
shows the weeks and the
Y-axis the pollen
percentages ) ) L

a Platanus

Bl Burkard
------ Rotorod

— — — ‘Tauber

b Fraxinus

C Celtis

d Quercus

€ Ulmus

f Poaceae

9 urticaceae

1-Aug 4
2-Aug 1
3-Aug A

and Pérez 1997). Sixty three percent of pollen types
were observed simultaneously in the three traps and
for half of these the values were greater in the Tauber
trap. The exclusive pollen types came mainly from
zoophilous plants and the larges number of these was
collected by the Tauber trap, but in relatively small
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proportions. The greater size and the thicker walls of
entomophilous grains (Faegri and van der Pijl 1979),
which facilitate sedimentation by gravity, could be
part of the reason for this important presence in the
Tauber trap. The relatively large amount of Urtica-
ceae found in the Tauber trap seems to be an
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exception. Although it would be expected that
differences between traps are primarily because of
differences in the capturing method, they may, in
part, be because of the size of the surface area of
deposition/impact, and not the counting procedure;
this last possibility should be taken into consider-
ation. It is not plausible to achieve equality in the
three counting methods; equivalence between them,
only, is expected. Because the Tauber trap records a
great diversity of pollen, in addition to economic
issues and ease of installation, it could be suitable for
bio-geographic studies in which results could be well
correlated with the composition of the vegetation in
the study area, especially in relation to the arboreal
taxa, although it should not be forgotten that Tauber
is also suitable for study of herbaceous vegetation.
Smaller proportions of exclusive (or entomophilous)
types were recorded by the Burkard trap. An anal-
ogous example appears in Belmonte et al. (2000),
where a Burkard trap is compared with a Cour trap. A
greater proportion of small grains was found in the
Burkard, and a minor proportion of grains of greater
size.

The Burkard and Rotorod traps are more similar to
each other than they are to the Tauber trap in relation
to the total individual values, although no significant
difference was observed between each pair of traps.
According to Gagnon and Comtois (1992) and
Solomon et al. (1980), the Burkard and Rotorod
traps are also the most similar samplers, and both are
different from the trap that collects by sedimentation
(in those instances a Durham trap, 1946). Here the
differences from the gravimetric trap are mainly
because of its greater relative collection of Ulmus
pollen and its minor uptake of Platanus type. Again,
the relative size of the grains may be important
(Ulmus: 28 pm and Platanus: 17 pm).

The association between the Tauber trap and the
abundance of flowering herbaceous plants was not
significant, but was positive. In general, the greater
discrepancies between non-arboreal pollen and herba-
ceous vegetation for the three traps clearly correspond
to completely entomophilous taxa (e.g. Apiaceae,
Boraginaceae), and this is different from the relation-
ship of other taxa with species with different types of
pollination (e.g. Asteraceae, Monocotyledoneae), or
from the completely anemophilous taxa (e.g. Poaceae).
Even though abundance of the local and extra-local
arboreal vegetation was represented by the three traps,

the best relationships were observed for the Rotorod
and then for the Burkard. The abundance of Platanus,
Ulmus, Quercus, and Celtis vegetation was overesti-
mated not only by the Burkard (Latorre 1999b) but also
by the Rotorod and Tauber traps. This is mainly
because of anemophily, high pollen productivity, and
the proximity of the sources (Latorre et al. 2001).

The total pollen pattern is almost similar for the
three traps, with maxima in the spring. Nevertheless,
in the Burkard trap maximum pollen was recorded
one week previously, in agreement with an important
increase in temperature.

Values of weekly total pollen were better related
for the Burkard and Tauber samplers; they also had a
significant and positive association with temperature.
Gagnon and Comtois (1992) observed that these two
traps were most similar in comparison with the
Rotorod. The concentration increase with increasing
temperature could be related to the floral opening
rhythm of the emitting plants. Nevertheless, the
deviations from the general average for the Burkard
and Tauber traps were in opposite directions. Because
the samplers were in the same place, the only external
factors that could account for the relatively different
results were atmosphere conditions in relation to the
type of pollen captured (O’Rourke 1989). For the
Burkard trap the greater deviations occurred at lower
wind speed. When high temperature causes anthesis,
high speed wind releases the pollen grains from the
exposed anthers to the atmosphere. The grains are
continuously collected by this sampler and the
particles are captured in the direction in which
the wind blows. Variations of pollen concentration
in the Burkard trap seem to be independent of relative
humidity and precipitation, at least if these are not
extremely high. One explanation could be that the
other pollen traps (specially the Tauber) are more
sensitive to relative humidity. In relation to this,
greater deviations are observed for the Tauber when
the relative humidity is lower. A high relative
humidity is associated, in general, with greater
precipitation (so pollen is washed from the atmo-
sphere; Hall 1992), or with low wind speeds. These
weather conditions are favourable for deposition by
gravity. Also the effect could be related to hydration
of the pollen grains; the sedimentation speed could
vary substantially with greater volume. According
to Gagnon and Comtois (1992), these meteorolo-
gical variables (wind speed and precipitation) better
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explain the variations between volumetric and gravi-
metric traps. On the other hand, the results from the
Rotorod are most constant throughout time and do not
seem to be as affected by the meteorological condi-
tions as the others, at least by the variables
considered.

The pollen types present every week of the
period in all three traps are from taxa represented
in the vegetation by species which have different
blooming requirements, for example Poaceae, As-
teraceae, Myrtaceae, Fraxinus, and Pinaceae. This
is consistent with the multispecific origin of each
taxon (Trigo et al. 1996)—Poaceae: Bromus uniol-
oides, Hordeum sp., Lolium multiflorum, Briza
subaristata, Stipa pappossa, Poa spp.; Asteraceae:
Aster squamatus, Bidens laevis, Calendula arvensis,
Conyza serrana, Crisanthemus sp, Galinsoga par-
viflora, Matricaria chamomilla, Picris echioides,
Senecio mikanioides, Senecio pinnatus, Sonchus
asper; Myrtaceae: Callistemon lanceolatus; Euca-
lyptus camaldulensis, E. cinerea, E. globulus, E.
siredoxylon, E. tereticornis, Luma apiculata; Frax-
inus: Fraxinus americana, F. excelsior, F. excelsior
var. aurea, F. ornus; Pinaceae: Abies sp., Cedrus
atlantica, C. deodara, Picea glauca, Pinus spp.,
Pseudotsuga mentziessi (Latorre 1999c). On the
other hand, only for a small number of pollen
types was the maximum concentration recorded by
the three traps in the same week; this is another
significant difference between the traps. Neverthe-
less, particularly for Fraxinus, a large number of
pollen peaks was recorded, irrespective of the trap
used, because of the high intraspecific variability
and the high variation within each tree in respect
of the flowering phases (Latorre and Bianchi
1998).

The Burkard was the most efficient sampler,
detecting the low individual concentrations of taxa
(i.e. before the increase to the maximum) that
indicate the beginning of the initial floral phenopha-
ses of the plants (Q. robur, Platanus, Ulmus and
Q. ilex; the last two with Tauber data also). The
Burkard also recorded pollen of regional origin
(Platanus in part and Celtis tala) and local pollen
(Q. ilex and C. australis) earlier that the other traps
(Latorre and Bianchi 1997; Latorre et al. 2001). The
greater sensitivity of the Burkard record makes it
more suitable for studies in which it is important to
detect low concentrations, for example, in allergy
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studies and medicine and when the objective is to
observe the dynamics of flowering.

Outside cities, and with the intention of studying
the composition of the natural vegetation, pollen
monitoring with volumetric samplers could be diffi-
cult to perform, because these apparatuses require
particular installation and maintenance guidelines,
and secure conditions to avoid vandalism. In natural
places the Tauber trap could fit this purpose better
(Latorre and Caccavari 2006b). This is also true
because the Tauber trap seems to record the highest
pollen diversity (especially because it records ento-
mophilous  types) and because quantitative
differences are not so important.

5 Conclusions

— Platanus, Ulmus, Quercus, Fraxinus and Poaceae
totalled more than 50% of pollen collected in the
three traps. These arboreal genera correspond to
the most abundant trees planted in the city and the
grasses are the most abundant anemophilous
herbaceous plants present in the terrain and parks.

— Tauber registered high diversity and a high
proportion of entomophilous pollen types. Thus,
the Tauber is an important tool for biogeographic
characterization of a region, also taking into
account the low cost and easy installation.

— The Burkard trap record the anthesis progress of
different taxa more accurately, especially for the
anemophilous types. High pollen concentrations
were related to the increase in temperature. The
Burkard trap also enabled more sensitive detec-
tion of pollen present at low concentrations, a
fundamental aspect of allergy medicine.

— The Burkard and Rotorod traps resulted in similar
representation of pollen abundance with regard to
individual plant abundance.

— The Burkard and Tauber traps gave similar results
for weekly total pollen levels, although deviations
were in opposite directions, probably because of
different effects of wind speed and relative
humidity.

— Results from the Burkard, Rotorod, and Tauber
traps all reflected a similar qualitative and relative
pollen spectrum but each has particular utility in
different research areas. Although it would be
very interesting to compare absolute data in some
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way, results from the Burkard and Rotorod traps
are for a known volume of air within which the
particles are contained whereas those for the
Tauber are for an area of deposition, so this kind
of comparison is not possible.
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