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Review of the Pollen Front of Cryptomeria japonica
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The present study analyzes the correlation between the average date of the begin-
ning of Japanese cedar (Cryptomeria japonica) pollen-scattering, the mean daily
maximum temperature and the latitude on the basis of data obtained for the past
9 years at 17 observational sites distributed from low latitudes (Kyushu) to high
latitudes (Tohoku).

The results showed that the integrated mean daily maximum temperature in
January had a close negative correlation with the time interval between the first
day of the year and the beginning of pollen scattering, and that the relation be-
tween the number of days until the beginning of pollen scattering and the inte-
grated daily maximum temperature for this period was not specific to a particular
site, but a general feature. In addition, the integrated daily maximum temperature
in January could be estimated from the latitude of the site. This suggests that the
day of the beginning of pollen-scattering can be predicted from the latitude even for
areas where no accurate meteorological data are available. Through this analysis,

the average Japanese cedar pollen fronts over Japan were obtained.

Key words : Japanese cedar (Cryptomeria japonica), Maximum temperature,
Latitude, Pollen front.

Introduction

The sharp annual fluctuations in airborne Japanese cedar (Cryptomeria japonica) and Japanese cy-
press (Chamaecyparis obtusa) pollen counts over the past ten years have resulted in an increased num-
ber of patients who suffer from pollinosis or aggravation of its symptoms in early spring.

In order to prevent and treat this disease, it is very important to carry out a nationwide survey each
year to clarify when Japanese cedar pollen begins to be scattered (Japanese cedar pollen front). In this
regard, we have surveyed how the Japanese cedar pollen front travels over Japan every year since
1986‘"" in cooperation with many individual researchers and research institutes dealing with airborne
pollen. Our preliminary report‘*’ covered only 6 years of data (1986-1991). In this study we attempted to
draw up a map of the average Japanese cedar pollen front, from which the beginning of pollen disper-

sal could be predicted. However, our preliminary report lacked sufficient data for both the weather and
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the pollen front to predict the accurate average pollen front or when pollen-scattering begins.

Our annual surveys until 1994 "’ revealed a certain relationship between meteorological factors and
the beginning of dispersal of Japanese cedar pollen, allowing us to draw the average pollen front
travelling over Japan. This also enabled us to predict when Japanese cedar pollen begins to scatter at

any particular spot where few or no observational data are available.

Materials and Methods

The number of observation sites used to establish the [irst day of pollen-scattering increased year by
year from 28 in 1986 to 46 in 19877, 48 in 19887, 61 in 1989"*’, 70 in 1990°"", 80 in 1991 ‘%, 102 in 1992'"’, 104
in 1993 and 110 in 1994, eventually covering almost the whole of Japan. The study included 17 sites
located at the same place as a meteorological observatory and for which there are 9 years of continuous
data, apart from 2 sites for which there are only 6 years data (Fig. 1).

Japanese cedar pollen was sampled generally by the gravitational method using Durham’s
sampler”’, and in some facilities by the 1S-rotary sampler™ as well. The white petrolatum-applied
slide was renewed every day, stained with Carverla solution and stored in gentian violet-glycerin
jelly™ as occasion demanded. The day of the beginning of pollen-scattering was defined as the first day
the pollen count became 1 or more per em’ of slide. (In many facilities, the number of pollen grains was
determined in an area of 3.24cf on slides, and the results are expressed as number of grains per of.)
Pollen counts during the week following this day were also analyzed for more accurate determination
of the beginning of pollen-scattering. Weather data (daily maximum temperature,”C ) were obtained

(AMeDAS data) from the 17 meteorological observatories (Fig.1).

Results and Discussion

The northward transfer of the pollen front of Japanese cedar varies markedly according to locality
and year. For example, Fig. | in the journal (p.30) shows changes in the Japanese cedar pollen front
in 1986, and Fig. 2 of the same volume (p.31) shows the sampling sites in that year'*’. The pollen front
reached the southern part of the Kanto district, the Pacific seaboard of Shikoku and Kyushu by mid-
IFebruary, and came north to the line linking the southern part of Tohoku and Hokuriku districts one
month later i.e. by mid-March. On the other hand, Fig. 1 of the journal (p.62) shows the major
Japanese cedar pollen [ront in 1993, and Fig. 2 of the same volume (p.64) shows the more than one hun-

(10)

dred sampling sites in that year™, permitting a more precise pollen front to be drawn. The pollen front
reached Shikoku, the whole of Kyushu, and Kanto and Tokai districts in early February, and came
north to the southern part of Tohoku as early as late February.

Differences in the velocity of northward travel of the pollen front seems to be caused mainly by differ-
ences 1n air temperature in winter. For instance, in 1993 there was a warm winter —which was rec-
ord-breaking —and the first storm in spring was considerably earlier than usual. Thus the flowering
was accelerated everywhere, with pollen-scattering occurring earlier than in an average year.

In general the integrated temperature is considered to be closely related to the flowering and growth
of plants. For analysis of this type, various parameters such as the integrated days with a temperature
of 0°C or 5C, integrated daily mean temperature and integrated daily maximum temperature are used.
Although there is controversy as to the starting point of integration, we set it at 1 January, and exam-
ined the relationship between the number of days from 1 January to the day when pollen-scattering

began (Y) and three [actors, the daily maximum temperature integrated up to the day of beginning of
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Fig.1. Location of 17 observational sites for airborne pollen during 1986-1994.
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Fig.2. Variation in the integrated daily maximum temperature up to the day
of the beginning of pollen-scattering at 17 sites.

pollen-scattering (TX1), integrated daily maximum temperature in January (TX2) and latitude of ob-
servational site (LAT).

Figure 2 shows the variation in the integrated daily maximum temperature (TX1) up to the day when
pollen-scattering began at these 17 sites. Latitudes were plotted on the X-axis in ascending order to the
right. Although the variation in integrated maximum temperature was generally large, it was particu-
larly conspicuous at low latitudes. The correlation coefficient was calculated for TX1 and TXZ2 at each
site. The correlation coefficient for TX2 was 0.5-0.9, demonstrating that the relationship between the in-
tegrated maximum temperature and the time interval until the beginning of pollen-scattering is not
characteristic of the site, but a general feature. However, with TX1, a lower correlation coefficient was
obtained for a number ol observational sites. This may represent the influence of cold weather directly
preceding the flowering.

The relationship between the beginning of pollen-scattering and the mean value for each factor calcu-
lated for the 17 sites was also determined. The correlation coefficient for TX1 and the time interval until
the beginning of pollen-scattering (Y) was —0.76, and the primary regression equation was:

Y=-0.18 X TX1 + 113.87 ---------- (1).
As shown in Fig.3, there is a large deviation from the regression line at some observational sites. These
are basins or mountainous areas where the air temperature is high during daytime, but very cold in the
mornings and evenings. The low value for the correlation coefficient can probably be attributed to the
influence of the geographic features of these sites.

The correlation between Y and TX2 was closer than that between Y and TX1, showing a correlation
coefficient of —0.96, and the primary regression equation was:

Y=-—0.141 X TX2 + 81.92 --—----——- (2).
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Fig.3. Correlation between the integrated daily maximum temperature from
1 Jan. to the day of the beginning of pollen-scattering and number of days
from 1 Jan. to the day of the beginning of pollen-scattering.

Figure 4 shows that there is almost no deviation from the regression line. However, it is not understood
why the latter equation (2) shows a better correlation than the former (1). Kawashima et al."” demon-
strated that a multiple regression equation for altitude and mean January temperature shows the most
likely day for Japanese cedar to flower. Although there are no firm grounds for our setting the period
for integration of the temperature, this may cause no problem in predicting the day of flowering.

As shown in Fig. 2, the higher the latitude, the lower the integrated temperatures tended to be.
Therefore, the relationship between the latitude (LAT) of a site and Y, TX1 or TX2 was examined.
Figure 5 shows the correlation between the latitude and TX1: the correlation coefficient was —0.71, and
the primary regression equation obtained as follows:

Y=-18.3 X LAT + 1117.4 ---enennv (3).
There was however, a deviation from the regression line at two sites at low latitudes and one site at a
high latitude. Figure 6 shows the correlation between the latitude and TX2, with a correlation coeffi-
cient of —0.91, and the primary regression equation was:

Y=-37.42 X LAT + 1599.24 ---------- (4).
It can be seen that the relation between the latitude and TX1 or TX2 is similar to that between Y and
these factors. It is apparent that the integrated daily maximum temperature in January practically de-
pends on the latitude of the site, and the possibility that latitude can be used as an alternative factor for
sites where no accurate meteorological data are available is suggested.

The actual correlation between the latitude and Y is shown in Fig. 7. Although there was a rather

wide variation at about 35° north latitude, the correlation coefficient was 0.94, and the primary
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Fig.6. Correlation between the integrated daily maximum January tempera-
ture and the latitude of each observational site.
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Fig.8. Average Japanese cedar pollen front, drawing mainly from the corre-
lation between latitude and integrated maximum dJanuary temperature at

each observational site. The front is drawn up in every 10-day period.

regression equation was:

Y =5.69 X LAT — 158.66 ---------- (5).
Although the correlation was weaker than with the direct use of TXZ2, it suffices for predicting the
average date of the beginning of scattering.

From the above primary regression equations (1) to (5), we obtained the multiple regression equation
for the latitude (LAT) and the integrated maximum temperature in January (TX2) to diminish errors
in prediction. The multiple regression equation was:

Y=-0.091 X TX2 + 2.3 X LAT — 13.55 --cceneeu- (6).
The multiple correlation coefficient was 0.97. Thus, using the multiple regression equation, (6), a map
of the location of the average Japanese cedar pollen front (Fig. 8) was prepared.

Our present study was originally aimed al predicting the time Japanese cedar pollen begins to scatter
and did not cover the issue of flowering of Japanese cedar male blossoms. It is possible that other fac-
tors are involved in the flowering.

Although there are some remaining prohlems in the setting of the period for integration, the close
correlation with each factor in question seems to justify its practical use from the viewpoint of method-
ology. Our method allows the prediction of the time Japanese cedar pollen begins to scatter, even in
sites where no or insufficient observational data on pollen-scatlering are available. Further investiga-

tions are planned.
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