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Abstract Previous study of Cupressaceae pollen in thQyoduction
Tulsa atmosphere during December and January suggest-
ed that the source of this pollen is theniperus ashei Many studies of the dispersal distance of anemophilous
(mountain cedar) populations that occur mainly in southellen have focused on the deposition of pollen within
ern Oklahoma and central Texas. The present investigdatively short distances (e.g. Raynor et al. 1970). How-
tion examined the evidence of long-distance transportevkr, there are numerous examples of pollen undoubtedly
pollen from these populations during the 1996/1997 seémveling long distances to arrive at a site (Ritchie and
son at three sites in Oklahoma using Burkard traps. Thiehti-Federovich 1963, 1967; Christie and Ritchie 1969;
of the pollen-monitoring stations were operated in coHjelmroos 1991; Cambon et al. 1992). Clearly, a certain
junction with Mesonet meteorological stations. It wasmall percentage of released pollen remains airborne for
found that the December and January Cupressaceae @@reater length of time and makes its way into a well-
len occurs outside of the local season at Tulsa. Poltaixed (or turbulent) layer of the atmosphere. Faegri et al.
concentrations are intermittent and correspond to daygX489) called this the “regional component”, while Gre-
peak concentrations at sites nearer the mountain cegtaty (1978) described it as the “escape fraction”.
populations. Peak concentrations are associated witlPreviously Levetin and Buck (1986) discussed the
winds coming from the south over the mountain cedar distribution of the five main species diniperusin
eas. Diurnal rhythms show night-time peaks with a del@klahoma relative to the incidence of airborne Cupres-
in timing at the northern-most site. These results are sdlceae pollen at Tulsa. They proposed that the local-pol-
consistent with the hypothesis that pollen is being tramsa season, during February and March, is dominated by
ported over long distances from the mountain cedar poghe widespread. virginianaplus other minor and orna-
lations to Tulsa, Oklahoma. These findings are importangntal species. However, Cupressaceae pollen concen-
as they represent one of the few incidences of long-digtions during December and January are attributed to
tance transport of pollen in significant concentrations fiee long-distance transport of pollen froth ashei
an area where the source vegetation is not present. Babuntain cedar) populations in southern Oklahoma and
len-monitoring sites located in conjunction with Mesoneentral Texas. Since the pollen of Cupressaceae genera
meteorological stations provide a unique opportunity &md species are morphologically indistinguishable from
further examine atmospheric conditions during long-disne another (Bortenschlager 1990), pollen seasons of the
tance transport events. This will aid future studies of tbpecies are defined by observation of pollinating times in
spatial modeling of long-distance dispersal of pollen. the respective populations. Levetin (1998) also showed
that, over the last 16 years, the instances of long-distance
Key words Long-distance transport - Cupressaceae - transport of Cupressaceae pollen into Tulsa are neither
Juniperus ashei Mountain cedar - Poll:n infrequent nor inconsequential. This indicates one of the
few incidences of recurrent long-distance transport
events in significant concentrations to an area where the
C.A. Rogers - E. Levetir{ () source vegetation is not present (Peeters and Zoller
Biological Science, University of Tulsa, 600 S. College Ave., 1988; Frei 1997). These events are significant since
Tulsa, OK-74104, USA mountain cedar is considered to be the most allergenic

Eris‘?:?t address: species of Cupressaceae in North America; it is the most
.A. Rogers : ; ; ;

Bidg 1, GF, Environmental Health, important allergen where it grows and is equivalent to

Harvard School of Public Health, 665 Huntington Ave., ragweed in allergenic importance (Levetin and Buck

Boston, MA-02115, US,* 1986).
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Since mountain cedar does not grow in the Tulsa vi- Three sites were chosen to study the transport of mountain ce-

Clnlty the potentlal for mountaln Cedar to be Cons|derga pOllen into Tulsa, Oklahoma. Tulsa, situated in the northeast
’ r of Oklahoma (Fig. 1), is located at the transition between

as a serious aIIergenl_c threat has been u_nder—recogn éﬁee and eastern deciduous forest zones. Tulsa is roughly
and hence allergy to it has been under-diagnosed. H9¥b km from the nearest mountain cedar population to the south
ever, numerous anecdotal reports of allergy problearsl 140 km from the Ozark population to the east. Repeated at-
arise every December and January in Tulsa. Some allf@ppts to locate a population close to Tulsa reported by Hall

; ; ; : ; 52) have failed. Due to increased development over the years,
gists in the area skin test with mountain cedar extral%% thought that the population no longer exists (Levetin and Buck

and find positive reactivities in some patients (Levetiidge). The prevailing winds at Tulsa are southerlies; therefore, the
and Buck 1986). The prevalence of mountain cedar allesuthern populations are more likely to be the source of the long-
gy in the Tulsa area and the coincidence of symptomigiance-transported pollen. Two other sites south of Tulsa were

with long-distance transport events will be the subject $silected to monitor the influx of Cupressaceae pollen into Tulsa.
future studies The Lane and Burneyville sites are situated in the post oak-

) o . blackjack oak Quercus stellata/Q. marilandi¢abotanical zone.
The present study examines the incidence of airbom Burneyville site lies between the mountain cedar population

Cupressaceae pollen at three sites in Oklahoma dutimthe north, in the Arbuckle mountains, and the larger population

the 1996/1997 season to pr0V|de more concrete eV|dee$§ e S(_)uth in the Edwards Plateau. Lane “_es tO_the northeast of

of the long-distance transport of mountain cedar pollgfneyVille, and east of the Arbuckle population (Fig. 1).

Two of the sites are located in conjunction with Mesonet

meteorological stations — a network of 114 automatedilen sampling

monitoring stations located throughout Oklahoma which )
borne pollen was sampled with Burkard pollen and spore traps

COIIe.Ct and ar_Chlve data every 15 min. This aSSOC'at@éated 1.5 m above ground in association with Mesonet meteoro-
provides a unique opportunity to examine the atmosph@fjcal stations at Lane and Burneyville, Oklahoma. In addition, a
ic conditions present during long-distance transpdrilsa, Oklahoma trap was located 12 m above ground in an urban
events. setting. Burkard samples were prepared in the standard way and
mounted in glycerin jelly with basic fuchsin. Microscopic counts
of pollen along a single longitudinal traverse were made at 400x
magnification and the counts were converted to concentration as
number of pollen grainsfrof air. On days when pollen concentra-
tions were considerable, slides were also counted using 12 2-hrly
transverse traverses.

Materials and methods
Site description

Figure 1 illustrates the distribution df asheiaccording to Adams

(1977).J. asheihas a restricted range, occurring primarily oMeteorological data

limestone outcrops in Mexico, Texas, Oklahoma, Arkansas and

southern Missouri. The largest population occurs in central TeMsteorological data from the Oklahoma Mesonet sites at Lane,
on the Edwards Plateau. Burneyville and Hectorville were used for these analyses. The Me-
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Fig. 2 Out-of-season Cupres- 1000
saceae pollen concentrations

during December 1996 and Tulsa
January 1997 & Tulsa,b

Lane, anct Burneyville, illus-
trating four to five long-dis-
tance transport events. Note the
change in magnitude on the
scale at Burneyville
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Fig. 3 aConcentrations of Cu- 80

pressaceae pollen at 2-h inter- "
vals on the pollen-sampling day 0\
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sonet collects and archives data every 15 min on a suite of metoeither Lane or Tulsa. There were four to five major ep-
gl)i'r?g'gg'hgggaf(“cit:@in'g o(;r’?heer é(r’urcnos”:tsl?noigd d:;)thdeaiﬁlo'r'ﬁ&'escﬁ@bdes of Cupressaceae pollen recorded during the De-
logical datasets were constructed to match start and end timeg%gber and January 1996/1997 Season. . .
pollen “sampling days” (mid-day to mid-day). Data values were P€ak days at Burneyville were reflected in consider-
averaged over the corresponding time of exposure in pollen @le concentrations at Lane and Tulsa, with the exception
verses (daily or two hourly) with the exception of precipitatioyf December 14. On December 14, concentrations >2000
which is reported cumulatively over the period. grains/n¥ were recorded at Burneyville, but no significant
levels were detected at Lane or Tulsa (Fig. 2a—c). Exami-
Results nation at 2-h intervals of the December 14 sampling day

at Tulsa shows that pollen concentrations were increasing
Although Cupressaceae pollen was present in the Tsween 1200 and 1400 hours. A rapid drop in concentra-

atmosphere from September through to March, the m#don occurred soon after and no pollen was recorded
local pollen season, represented by continuous recordimgughout the rest of the sampling day (Fig. 3a). Wind
of pollen, occurs during February and March. In Tulsdirection during the same period shows that winds were
local season peak concentrationslovirginianapollen coming from the south until about 1800 hours when a
reached >2000 grainsfrwhereas the similar time periodrapid shift brought winds from the north (Fig. 3b).

at Lane and Burneyville received much greater concen-Closer examination of wind direction during all sam-
trations, >7000 and >4000 graing/respectively. Pollen pling days shows that pollen concentrations increase
concentrations also reached considerable levels outsiden the wind blows from the south (Fig. 4a—c). This is
of the local season, mainly in December and Januatgo evident at the 2-h scale when periods of unstable
(Fig. 2a—c). Pollen concentrations were much higherveind direction or wind from directions other than south
the Burneyville site, nearer thle asheipopulation, than are associated with very little pollen detection (Fig. 5a,




Fig. 4 Plots of pollen concen-
tration versus wind direction
ata Tulsa and Hectorville,

b Lane, and: Burneyville. Pol-
len is only present in the Tulsa
atmosphere when winds are
coming from southerly directio s

Average Daily Concentration (polien grains/m3)

1000

800

600

400

200

e mx s s ms e oy |

69

Tulsa/Hectorville

0 90 180 270 360
a Wind Direction (degrees)
600
‘g B Lane
> |
£ [ -
=)
c
Q0
T& 400 ™
=t
il
g
€
Q
o
-
o
O 200
> u
a
(0] . u
(o)
© |
g Ea
< [ { ] |
0
0 20 180 270 360
b Wind Direction (degrees)
5000
@
% u Burneyville
® L
S 4000 -
C
<
©
e
= 3000 -
8
©
= n
2 2000 - [
[
6]
>
= = =
N |
o 1000
g [
g n
Y ol emwmomm " Uil S o Sad

Cc

180 270 360
Wind Direction (degrees)

b). On December 31, the pollen concentration droppgallen concentrations increased in the late afternoon to
rapidly, in association with a rapid change in wind d& peak about midnight and then decreased again through
the early morning to a minimum at 8.00 a.m. (Fig. 6a).
The diurnal rhythm of pollen occurrence is elucidatet Tulsa, pollen concentrations did not increase until
by combining the two hourly counts on 14 days of sithe late evening, and reached a peak at about 2.00 a.m.
nificant levels of Cupressaceae pollen. At Burneyvillend then decreased throughout the rest of the morning

rection.
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Fig. 5 aConcentrations of Cu- 2000
pressaceae pollen at Tulsa from
December 30 1996 to January 2
1997.b Wind direction at Hect-
orville during the same period.
Detection of pollen at Tulsa is
associated with stable southerly
winds
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(Fig. 6b). Thus, there appears to be a lag in the ddéy. Pollen of local origin is normally received continou-
peak pollen concentrations arriving at Tulsa. sly within a reasonably well-defined pollen season.
Therefore, distant sources of the Cupressaceae pollen are
again indicated.
Discussion Peaks in pollen concentration at Tulsa correspond to
days of peak pollen concentrations nearer the mountain
Several factors examined here indicate that the detectedar populations at Burneyville and Lane, although re-
of pollen at Tulsa during December and January is duateced in magnitude. The only exception was December
long-distance transport events from mountain cedar pdg-when very little pollen was recorded at Tulsa. During
ulations. Firstly, Cupressaceae pollen in the Tulsa atntisis sampling day, the winds switched direction away
sphere during December and January occurs considierm the source of mountain cedar to come from norther-
ably outside of the local-pollen season. Eastern red celgatirections. Since the Burneyville site also has a source
(J. virginiang, the most common taxon of the Cupre®f mountain cedar to the north, pollen concentrations re-
saceae in the area, does not pollinate until February andded at Burneyville on this day may also represent pol-
March, and there are no known local populations l&h orginating from the small source area to the north of
mountain cedar within 140 km of Tulsa. This suggedtss site.
that the Cupressaceae pollen detected at Tulsa in Decentzupressaceae pollen concentrations at Tulsa and
ber and January does not come from local sources. Burneyville are highest during the evening and night.
In addition, recordings of pollen in December anthe diurnal periodicity of Cupressaceae pollen at Toron-
January of 1996/1997 are intermittent, with four to fiv® indicates a daytime peak (C.A. Rogers, unpublished
major episodes often separated by several days of no pgala); however, this does not include mountain cedar. Al-




71

Fig. 6 Two hourly Cupressac- 2000
eae pollen concentrations on 14

days in December and January

averaged to show the diurnal
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though we have no diurnal signature from mountain agd and last several days, whereas other studies usually
dar, trees in general show diurnal rhythms which peadcord single events, which last only 4-5 days. In addi-
during the daylight hours (e.g. Kapyla 1984). A shift ition, the pollen of]. asheiis highly allergenic, perhaps
the timing of the daily peak is consistent with other reue to very quick elution rates of proteins from the
ports of pollen received from more distant sources (Nagrains (Pettyjohn and Levetin 1997). The amounts of
ris-Hill and Emberlin 1991). In addition, there is a lag ipollen that arrive with each long-distance transport event
the peak diurnal concentration arriving at Tulsa from thate large in comparison to most other evidence of long-
arriving at Burneyville. This suggests that the pollen maystance transport (e.g. Ritchie and Lichti-Federovich
be moving in a cloud that is sensed as a peak at differE®63, 1967; Peeters and Zoller 1988; Cambon et al.
times along the trajectory of its dispersal. 1992; c.f. Hjelmroos 1991). The atmospheric levels
Days of peak Cupressaceae pollen concentrations eceeched are clearly high for allergenic tree-pollen con-
respond to southerly winds passing over the mountaentrations (i.e. >90 grainsfmBurge 1992) and could
cedar sources. At Tulsa, peak pollen levels are recorgedentially pose a serious threat to sensitized individuals
only on days when the winds come from the soutlithe allergenicity of the grains persists. Skin test reac-
There are days of southerly winds when no pollen is tedty and reports of symptoms in Tulsa during the moun-
corded at Tulsa, but these are likely to be days of léain cedar season suggest that at least some of the aller-
pollen concentration or poor dispersion from the sourgenicity remains intact even after long-distance trans-
No pollen is recorded at Tulsa when winds originap®rt. Thorough investigation of the medical significance
from any other direction. of mountain cedar pollen that has been transported over
These occurrences of long-distance transport lofg distances will be the focus of future studies.
mountain cedar pollen are significant for many reasons.The long-distance transport of mountain cedar from
The events documented here occur over a 2-month psodthern Oklahoma and Texas into Tulsa is an ideal
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system for examining further the mechanisms of longaferences
distance transport of pollen. Mountain cedar is a highly

prolific pollen producer, where significant amounts Qfdams RP (1977) Chemosystematics — analyses of populational
pollen are transported and long distance events are venryifferentiation and variability of ancestral and recent popula-

clear. Althoug morphologically indistinguishable from tieor?sscmgggirpgf(tllsgggl)ﬂiﬁsgl;c'\t/lsoo?ggﬁﬁf% %ﬁlh%‘h?g??n he Cu
other members of Cupressaceae, mountain cedar poﬁ% ressacene. Grana 29-199-137

occurs with unique timing, which reduces confusion @grge HA (1992) Monitoring for airborne allergens. Ann Allergy
to whether its source is local or distant. It is also impor- 69:9-21

tant that the source of transported pollen occurs inCambon G, Ritchie JC, Guinet P (1992) Pollen marqueur de trans-
known and restricted range so that the source is well debort a longue distance dans I'atmosphére du sud de I'Ontario
fined. Tulsa, well removed from the source of the vegefas, o aoa). can J Bot 7012284 --2293 i ic traiectori
Ined. fulsa, . . ! 9€thristie AD, Ritchie JC (1969) On the use of isentropic trajectories
tion, is in line with the prevailing winds and therefore in the study of pollen transports. Naturalist Can 96:531— 549
regularly receives only long-distance transported pollétaegri K, Kaland PM, Krzywinski K (1989) Textbook of pollen
This means that long-distance transport events in esse’ﬂcéna'ys's- Wiley, Toronto, pp 1-328

‘e el T (1997) Pollen distribution at high elevation in Switzerland:
are repeated and can be analyzed statistically. Evidence for medium range transport. Grana 36:34-38

_Future studies of the long-distance transport of moutregory PH (1978) Distribution of airborne pollen and spores and
tain cedar will examine the quantitative reduction in con- their long-distance transport. Pure Appl Geophys 116:309-315

centration with distance. This and other spatial modeliHg!l MT (1952) Variation and hybridization iduniperus.Ann

; ; MO Bot Gard 39:1-64
work requires knowledge of the concentration at th felmroos M (1991) Evidence of long-distance transpoetila

source. We have planned to move the Lane trap down tOygjien. Grana 30:215-228

central Texas at the edge of the mountain cedar popwapyla M (1984) Diurnal variation of tree pollen in the air of Fin-

tion to obtain a better indication of the source concentra-land. Grana 23:167-176 _ )

tions Levetin E (1998) A long-term study of winter and early spring tree
' pollen in the Tulsa, Oklahoma atmosphere. Aerobiologia 14:

. . . 21-28
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