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Abstract: Celtis sinensigs an introduced plant species to the southeastern region of
Queensland that has had a destructive affect on indigenous plant communities and its
pollen has been identified as an allergen source. Pollen belongldgsioensisvas
sampled during a 5-year (June 1994-May 1999) atmospheric pollen-monitoring
programme in Brisbane, Australia, using a Burkard 7-day spore trap. The seasonal
incidence of airborn€. sinensigollen (GP) in Brisbane occurred over a brief period
each year during spring (August-September), while peak concentrations were restricted
to the beginning of September. IndividuadRCseasons were heterogeneous with daily
counts within the range 1-10 grains’ran no more than 60 sampling days; however,
smaller airborne concentrations offCwere recorded out of each season. Correlation
co-efficients were significant each year for temperature (p<0.05), but were less
consistent for precipitation (p>0.05) and relative humidity (p>0.05). A significant
relationship (#=0.81, p=0.036) was established between the tat8l €@unt and pre-
seasonal average maximum temperature; however, periods of precipitation (>2mm)
were demonstrated to significantly lower the daily concentrationssBf f(om the
atmosphere. Given the environmental and clinical significance s @nd its
prevalence in the atmosphere of Brisbane, a clinical population-based study is required
to further understand the pollen’s importance as a seasonal sensitizing source in this
region.
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INTRODUCTION physiological characteristics include tree or shrub habits;

simple, stipulate and alternating leaves, nitrogen fixation

Plants belonging to the Ulmaceae family have a globll root nodules and C3 physiology. Several genera are

distribution and are primarily localised to northerreconomically utilized as sources of timber, cultivated as

temperate regions. The family is composed of 18 genesanamentals or used for medicinal purposes. These

and approximately 150 species with fossil evidence datimmgonomic applications have seen the rapid spread of

back to the Upper Cretaceous period; however, only 3 nbrthern temperate species to foreign environments,
these genera are most common and compdbeus particularly in the case d@eltis spp., to Australia and the

Celtis and Planera The defining morphological and Southern Hemisphere.
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Table 1. Seasonal distribution ofeltis sinensispollen in Brisbane,
June-May, 1994-1999. The seasonal dates where the accumulated sum
since the beginning of the year reaches 5% and 95%, and the peak pollen
count (grains i) and date, seasonal duration and daily count categories
are shown in each case.

Parameter 1994-95 1995-96 1996-97 1997-98 1998-99

5% 3/9 19/8 28/8 25/8 22/8
Peak Day 5/9 3/9 4/9 1/9 4/9

; o Peak Count 9.02 2.92 3.68 3.12 16.87
LT 26/9 49 19/9 2009 11/9

Season Duration 23 17 23 27 21

- 4 Days count 11-100 0 0 0 0 1

Figure 1. Photomicrograph oEeltis sinensigpollen. Scale bar = 15 um. Days count 1-10 10 11 19 10 10

Celtis sinensigJapanese Hackberry) is a deciduous treEhe trapping site was located 7 km southeast of the
species, native to eastern Asia and occupies riparian arghtral business district [6] on a Queensland Department
disturbed habitats in concentrated pockets along the eabtPrimary Industries research farm. The climate of
coast of Australia. Originally introduced to theBrisbane is classified as subtropical with an average
southeastern region of Queensland in the 1890's fgearly mean temperature of 25.9°C and an average yearly
ornamental and timber plantation purpos€s,sinensis rainfall of 1,114.6 mm. The major vegetation formation of
has had a devastating affect on the indigenous flora ati trapping site is that of op&ucalyptuswvoodland with
fauna of this region [2]. Its ability to tolerate different soilan understorey of grass and herbaceous species, and
types, adapt to various climates, and displace native plavitere surrounding creeks and rivers are vegetated by
and animal species has led to the Queensland Governmpdrian communities [6]. Additionally, surrounding
categorisingC. sinensisas a Class 3 invasive declaredesidential and industrial areas have numerous
species. This species can not only be classified as onergfresentatives of the exotic taasinensis
the 10 most highly ranked invasive species in Aerobiological data was collected using a 7-day
Queensland, but it has also been acknowledged Bwrkard volumetric spore and pollen trap (Burkard
Wodehouse [19] as being a suspected causal mechanianufacturing Co. Ltd., Rickmansworth, Hertfordshire,
of seasonal allergic rhinitis and asthma. UK), which was elevated 2 m above ground level and

Pollen belonging tcCeltis spp. (Fig. 1) are typically operated almost continuously at the Rocklea site between
anemophilous, shed large quantities of pollen, and alene 1994—-May 1999. The trap was calibrated to sample
characterised by 3-10 pores with a thick undulatingir at 10 litres per minute, and the atmospheric particulate
granular sexine with sizes between 25-40 um [18inatter was deposited onto tapes coated with a thin film of
Airborne Ulmaceae pollen is prevalent in the atmospheEow Corning pressure-sensitive silicone adhesive (280A).
of Brisbane and other Southern Hemisphere cities [6, 1Phe 7-day tapes were prepared and counted by the
15]; however, its distribution and relationship withmethods previously described [6]. The pollen data
weather variables remains unclear. Given the ecologicabrresponded to the mean daily values expressed as the
environmental and clinical significance ©f sinensisthe number of pollen grains thof air. Meteorological data
aim of the study was to describe the quantitative ar(thaximum temperature, minimum temperature, average
temporal distribution of & seasons with statistical temperature, total rainfall and relative humidity)
reference to meteorological parameters based on 5 yearsasured at Brisbane airport, which is situated 10 km
(June 1994-May 1999) of environmental pollemortheast of the sampling site was obtained for the period,
monitoring. This is the first study to investigate thelune 1994-May 1999, from the Australian Bureau of
statistical associations between different aspect<.of Meteorology.
sinensis aerobiology and weather parameters in a Data corresponding to 5 years (June 1994—May 1999)
subtropical Southern Hemisphere environment, araf pollen monitoring and meteorological records were
follows Nitiu's [14] preliminary descriptive investigation documented graphically and evaluated statistically. Each
of Celtis spp. pollen in the atmosphere of La Platandividual CsP season, was calculated using the criteria
Argentina. developed by Nilsson and Persson [13]. Daily counts

were classified into 2 pollen count categories (1-10, 11-
MATERIALS AND METHODS 100 grains i), a standard which is used by the
Palynological Laboratory, Swedish Museum of Natural

Airborne GP was collected over a 5-year period (Junélistory, Stockholm. Associations between mean daily
1994-May 1999) in the subtropical city of BrisbaneCsP counts and meteorological values were calculated
(27°29'S 153°8’E), southeastern Queensland, Australiasing Spearman’s (non-parametric) correlation analysis



AirborneCeltis sinensipollen in Brisbane, Australia 299

80

~
o

E y = 65.063x - 1331.8
c 70— r?= = -
£ g 70~ r*=08145p=0036 A
=) B> g
= SE 1998-1999
e » 5 60— -
3 50+ @ 2
8 2g

o _ —
5 8% 19961997
S 40 g -
o @ -
o 27 40- 1994-1995 B
2 o
230 o) el
5 £ 30 -
@ 58 1995-1996
2 S°
8§ 201 Fg 20- 1997-1998 .7 -
2> RS
5 2
3 10 10— -
=
F ol 0

1994-95 1995-96 1996-97 1997-98 1998-99 20.6 20.8 21.0 21.2 21.4 216

Average maximum temperature (°C) from 1 June to the beginning
of the Celtis sinensis season

Figure 2. Total annual sum o€eltis sinensispollen (grains i) for  Figure 3. Intensity of theCeltis sinensisseason, established from the
June 1994-May 1999 in Brisbane, Australia. average pre-seasonal maximum temperature from 1 June against the
total seasonaCeltis sinensigollen counts.

for the entire study period and by season. Statistical lingaeriod (Tab. 1). Periods of precipitation throughout each
regressions relating meteorological parameters to variopsllen season were shown to considerably lower the daily
aspects ofC. sinensisaerobiology (start, length and atmospheric concentrations ofsfC (Fig. 5), whereas
intensity of the pollen seasons) were performed usinginimal quantities of daily pollen (0.06-0.1 grains®m
Stata [16]. were recorded during a number of out-of-season sampling
days (Fig. 4).
RESULTS The highest incidence of daily sB coincided with
average monthly maximum temperatures of 21-24°C,
In the atmosphere of BrisbanesfCwas restricted to minimum temperatures of 8-12°C, and the lowest yearly
spring (August-September) with total yearly countsainfall values ranging between 0.03-3 mm (Fig. 4). Non-
ranging between 22-66 grains®nn 1995-96 and 1998- parametric correlation analyses indicated weak significant
99, respectively (Tab. 1, Fig. 2). Homogeneous seasomagative associations (p<0.0001) between dailsP C
start and end dates characterized tHe §asons, varying counts and minimum temperature for each of the
between 15 (season start)}-23 days (season end). Psaipling years (Tab. 2). Associations with maximum and
pollen concentrations occurred between 1-5 Septemlmrerage temperature were less significant (p<0.05),
each year; however, the peak count of each seasmmpared to minimum temperature, particularly for the
fluctuated between 2-16 grains®nTab. 1). In addition, sampling year 1994-95. Other parameters studied,
the mean duration of thesE season was 22 days andncluding relative humidity and precipitation, were not
ranged between 17 days in 1995-96 to 27 days in 1997-88sociated with daily €2 counts; however, a significant
(Tab. 1). negative correlation was evident for precipitation in 1996-
Individual sampling years (June-May) plotted agains27 and for relative humidity in 1994-95.
maximum temperature, minimum temperature and The intensity of the & season plotted against the
rainfall, illustrated inter- and intra seasonal variations iaverage maximum temperature from 1 June to the
daily CsP counts (Fig. 4). Daily counts were within thebeginning of the pollen season (Fig. 3) demonstrated a
range 11-100 grains ron no more than 1 day (1998-99)statistically significant relationship *6¢0.81, p=0.036).
and 1-10 grains thon 60 days during the entire sampling.ower average pre-seasonal maximum temperatures

Table 2. Spearman’s correlation coefficienty petween meteorological parameters @etlis sinensigearly (n = 365) and total pollen counts (n = 1826).

Celtis sinensiseason Spearman'’s correlation coefficienys (
Trmax Trin Precipitation Tave Rhum, Rhumn,

1994-95 0.0366 -0.2269** -0.0428 -0.1419* -0.1746* -0.1701*
1995-96 -0.1169* -0.1949* -0.0837 -0.1697* 0.0919 -0.0033
199697 -0.1703* -0.3332* -0.1106*

1997-98 -0.1169* -0.2881** -0.0886

1998-99 -0.2778* -0.2517* -0.0090

199499 -0.1304** -0.2616** -0.0660*

significantrs values * p<0.05 **p<0.0001
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Figure 4. Yearly distribution of =) Celtis sinensigollen (grains ri) in the atmosphere of Brisbane, Australia, during 5 individual sampling years
(June-May) plotted with daily (- - -) maximum and (———~— ) minimum temperature (°C) and (—) total daily precipitation (mm).
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10 a (1997-98) coincided with lower seasonaPCounts (<25
8 grains nt), whereas higher 2 seasonal totals (1998-99)

i coincided with higher average pre-seasonal maximum
temperatures (>21.3°C). Trends with pre-seasonal
minimum temperature and rainfall (data not shown) were
not statistically significant (p>0.05). In addition,
relationships between seasonal starting dates and seasonal
o ; PN duration with maximum temperature, minimum
39 5/9-Peak 26/9 temperature and rainfall parameters, were investigated

and found to not be statistically significant (p>0.05).
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4 , e DISCUSSION

Airborne GP is one of the 10 most prevalent pollen
sources in the atmosphere of Brisbane, with maximum
emissions restricted to the months August and September
[6]. Since the original Brisbane pollen calendar study
conducted by Moss in 1962-63 [12], the atmospheric
i composition, frequency and timing of peak emissions of
1978 3/0.Peak  4/9 airborne C. sinensis pollen has remained uniform.

Previous studies from southern temperate regions of

Australia have shown that pollen belonging to other
5 % ornamental Ulmaceae species, includisigius minor U.
glabra andU. parvifolia, are more common and represent
a significant contribution to the pollen calendars of
Sydney [1] and Melbourne [15]. In other Southern
Hemisphere locations, including South Africa and
Argentina, airborne pollen of indigeno@eltis species
comprise the highest arboreal pollen frequencies and are
comparably longer in seasonal duration than those of
o wepem 19/;’ Brisbane [3, 14]. The annual abundance and duration of

each season established in these studies varies from the

reported Brishane values due to variations in local

4 — 6 weather parameters, as well as in taxa represented in the
region.

Daily CsP counts were demonstrated in the correlation
analysis to be associated with meteorological parameters,
in particular temperature during each sampling year.
Similar descriptive associations have been shown between
Celtis pollen and temperature in La Plata, Argentina [14]
and Modena, Italy [17]. Daily variations i@eltis pollen
counts, however can be additionally attributed to the
genera’s multi-vector pollen dispersal strategy, as
described by De Arrunda [4], who demonstrated that
20 50 Celtis iguanaeapollen was not only disseminated by

: anemophilous vectors but that this species was also
dispersed by the honeybégis mellifera Furthermore,
the total amount of §P produced each season was shown
for the first time to be statistically related to pre-seasonal
maximum temperature. In Brisbane, temperature directly
influenced the atmosphericsE concentrations, which
supports the findings from intra-diurnal studies that
0 maximum temperature combined with optimum solar

radiation was a prerequisite for anther ripening and
anthesis [14].
Figure 5. Distribution of daily (—)Celtis sinensigollen (grains ) Meanwhile, preC|p|ta_t|o_n and relat.lve humldlty. were
and (-——) precipitation (mm) during each pollen season for 5 individusiNOWN Not to be statistically associated with different
sampling years: a, 1994. b, 1995. ¢, 1996. d, 1997. e, 1998. aspects of 6P aerobiology. These parameters were
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suggested by Nitiu [14] to influence the start dates finensis are well documented. Previous studies have

Celtis pollen seasons by stimulating pollen productioshown that Ulmaceae pollen types are important

and anthesis. However, in Brisbane, precipitation waeeroallergen sources in the Northern Hemisphere;

only established to significantly reduce and wash polldmowever, further clinical population-based studies are

from the atmosphere to levels lower than on the previousquired in Brisbane to understand the role &P @s a

day, which has been demonstrated previously for seasonal source of allergen, and whether it exacerbates
number of other pollen types [7, 11]. Other meteorologicakasonal rhinitis and asthma.

conditions, including wind speed and wind direction, have

also been identified as important seasonal disperg&tknowledgements
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