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A bstract A generalized pollen calender based on a fi ve-year (1991-1995) census was used to 
clarify seasonal changes in airborne pollen in Chiba, central Japan. The rnaxirnal values of tree 
pollen types in spring tend to occur earlier in Chiba than in northern Japan , while those of 
herbaceous pollen types occurred lat巴r in surnrner to auturnn. Variation in the rnagnitude of the 
annual catch showed biennial (2-year cycle) ftowering patterns in rnany tree pollen types. 
Although sirnilar patterns ar巴 reported frorn Europe (Betula, Alnus, Quercus and Fagus) and 
Japan (Carpinus) , a 15-year observation at Niigata (ca. 270 krn NNW of Chiba) does not show 
that 2-year pollen cycles are cornrnon arnong trees. The low catches of herbaceous pollen types 
in 1995 were attributed to “winter killing". 
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An巴mophily is the dominant means of polｭ
lination among angiosperms in some enviｭ
ronments (e.g. northern deciduous forests 
and savanna) as well as gymnosperms 
(Whitehead, 1969). Airborne pollen behavior 
is highly important for the r巴production of 
anemophilous species. The pollination ecoloｭ
gy of these species should be discussed on 
the basis of empirical airborne pollen data. 
However, little is known about long-term airｭ
borne poUen behavior in Japan (Fujisaki, 
1988; Igarashi, 1987) except for that of Crypｭ
tomeria japonica (e.g. Ogasawara et al., 1991; 
Saito, 1995), whose pollen is the most serious 
pollen allergen in Japan. Therefore , a pollen 
trap was set in Chiba, central Japan , to obtain 
information on airborne pollen behavior, and 
the results of observations conducted for five 
consecutive years , 1991-1995, are presented 
here. 
This paper focuses on the following fundaｭ

mental questions: (i) How does the airborne 
pollen change seasonally in quantity and asｭ
semblage? (ii) How does the year-to-year 
variation in the magnitude of pollen inciｭ
dence occur? 
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Study Area and Vegetational Background 

The site selected for this study is situated 
on a diluvial upland southeast of Chiba City 
center, central Japan (35035'50"N; 140008' 
25"E; 20 m aふ1.). The Ecology Park, an obｭ
servation field for the Natural History 
Museum and Institute, Chiba, and Aoba-no・
mori Park. which was under construction as 
an urban park when this study started, are 
located to the south of the site. Apartment 
houses lie to the west of the site, and developｭ
ment land for residential areas lies to the 
north and east. Mean, maximum and miniｭ
mum monthly temperatures during the 
study period (1991-1995) and in the previous 
year at the site are shown in Table 1. 
Since the National Institute of Animal Inｭ

dustry, along with pasture, was located at the 
study area until 1980, many kinds of introｭ
duced grass for pasture; e.g. LoliU1η multi
florum , Festuca rubra and Dacかlis glomerata, 
as well as exotic plants, grow in the area. In 
the Ecology Park there are 9 kinds of small 
forest stand; e.g. Castanopsis sieboldii forest, 
Quercus acuta forest, Pinus dens併óra forest, 
Caゆinus tschonoskii-Quercus serrata forest 
etc., which are planted as examples of forest 



Table 1. Mean, maximum and minimum monthly lemperatures observed at the study sile, 1990-1995. 

札<1ean Maximum Minimum 

Monlh 

1990 1991 1992 1993 1994 1995 A verage 1990 1991 1992 1993 1994 1995 Average 1990 1991 1992 1993 1994 1995 A verage 

ロコ
E、コ

Jan. 3.8 4.7 5.0 4.6 4.1 4.7 4.5 17.6 12.8 14.3 13.3 17.5 15.8 15.2 -4.3 • 5.8 -3.7 -2.8 -5.8 -5.4 -4.6 

Feb. 6.7 5.4 5.7 6.3 5.3 4.9 5.7 18.0 16.0 18.8 20.7 15.1 13.8 17.1 -3.3 -4.5 -4.1 -4.6 -3.7 -5.5 -4.3 

Mar. 9.4 8.5 8.5 7.3 6.8 7.8 8.1 19.8 20.7 21.0 18.9 17.4 20.3 19.7 -0.9 -2.6 -1.0 -2.6 -2.1 -0.9 -1.7 

Apr. 13.6 13.8 14.3 12.0 14.4 14.1 13.7 22.3 23.6 25.3 25.0 24.8 25.2 24.4 2.2 2.2 3.6 ー 0.4 3.6 ー 0.1 1.9 

May 18.0 17.7 16.4 17.4 18.2 18.1 17.6 28.6 26.8 27.7 29.1 27.4 26.5 27.7 8.9 4.2 6.8 5.4 7.5 9.9 7.1 

Jun. 22.3 22.4 19.3 20.7 21.2 19.7 20.9 34.5 34.4 27.2 30.1 30.6 28.2 30.8 15.1 11.6 12.7 12.3 14.0 12.7 13.1 

Jul. 24.625.624.321.727.025.5 24.8 35.4 36.3 35.0 32.3 36.3 35.4 35.1 16.519.4 17.0 13.921.019.4 17.9 

Aug. 27.324.526.024.227.828.3 26.4 35.534.4 33.2 33.4 38.2 36.5 35.2 19.817.017.917.920.521.9 19.2 

Sep. 23.7 23.2 22.0 21.8 23.7 22.5 22.8 34.3 32.9 35.9 30.5 32.8 34.3 33.5 14.6 16.9 8.6 12.0 17.5 12.6 13.7 

Oct. 18.017.016.116.119.018.1 17.4 21.1 27.925.625.028.127.5 25.9 11.2 8.3 6.5 5.010.2 7.7 8.2 

Nov. 13.7 11.5 12.5 12.6 11.6 10.8 12.1 24.8 21.8 23.1 24.0 24.1 22.2 23.3 1.5 0.2 2.3 0.5 0.1 -0.1 0.8 

Dec. 8.1 7.6 7.9 7.5 7.2 5.9 7.4 23.0 18.8 19.3 20.9 17.1 16.5 19.3 -2.5 -3.0 0.0 -3.6 -3.8 -3.3 -2.7 

Average 15.8 15.2 14.8 14.4 15.5 15.0 15.1 26.2 25.5 25.5 25.3 25.8 25.2 25.6 6.6 5.3 5.6 4.4 6.6 5.7 5.7 
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Five-year census of airborne poll巴n in Chiba 

types in the Boso (Chiba) area. However, 

most of trees in these stands are too young to 
produce a large amount of pollen. Small 
patches of secondary forest including Querｭ
cus acutissima, Q. serrata, Caゆinus tschonoｭ
skii and Celtis sinensis var. jaρonica are scatｭ
tered in and around the study area. Herbaｭ
ceous plant communities consisting of anｭ
nuals such as Ambrosia artemisiaejolia var 
elatior, Digitaria ciliαris， Setaria jaberi and 
Humulus japonicus were widely distributed 
just after the disturbance during the park 
construction and the land development for 
residential use. These communities were sucｭ
ceeded by communities consisting of perenｭ
nials a few years after the disturbance. At 
present, the Aoba-no・mori Park area is freｭ
quently mowed to maintain lawns, while the 
development land for residential use is domｭ
inated by taller grasses such as LoliU1η multi

florum and Festuca rubra. 

Method 

Pollen grains were collected at a height of 
1.5 m with a Durham trap; a standard trap 
that relies on gravity. The total period of 
collection was five years (from 4 January 
1991 to 4 January 1996). The glass slides 
which were smeared with white Vaseline as a 
trapping medium were changed at int巴rvals
of 1-5 days in spring and mostl y 1-7 days in 
other seasons; exceptional cases were a 13 
-day interval in 1991 , an 11-day interval in 
1992, a 10-day interval in 1991 , and 8-day 
intervals in 1993 and 1995. Coarse particles 
such as sand grains, small insects and plant 
fragments were removed with a needle under 
a stereo microscope, and then the samples 
were mounted in glycerine jelly. Conseｭ
quently , they were neither acetolyzed, nor 
stained. 
AII pollen and spore types within the 

whole area of the 1.8 X 1.8 cm2 cover glass 
were counted. Usage of へtype" and “ j" in 
presenting pollen data follows Birks and 
Birks (1980). Pollen catches for seasonal 
change were represented as grain number 
captured per 1 cm2 per day , the actual counts 
being divided by the area of the cover glass 
and the collecting period, and as the number 
per year for the annual count. Each date 
given represents the middle date of the col-
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lection interval when longer than two days. 

Results 

1. Seasonal changes in maj or taxa 
A total of 59 pollen and spore types (37 tree 

pollen types, 19 non-tree pollen types, and 3 
fern spore types) were detected throughout 
the five-year census. A generalized pollen 
calender, or a s巴asonal incidence chart, of 
select巴d pollen and spore types for the study 
area was made from the census results (Fig_ 
1). The terms used to indicate the quantity of 
airborne pollen grains throughout this paper 
are; “common": pollen grains were present in 
more than two of the five years at the same 
dates,“abundant": more than 1 grain (!cm2j 

day) was present for more than two years, 
“ prominent": over 10 grains were present for 
more than two years. Seasons of the maxima 
in Fig. 1 represent the range between the 
earliest and the latest dates of the maximum 
r巴adings for each year. 
The following notes include major pollen 

and spore types illustrated in Fig. 1 in order 
of their peak appearance (see also Table 2). 
Alnus. Pollen season was from mid-

January to early June, but was intermittent 
after late April. Pollen grains were caught 
sporadically in small numbers from October 
to December in some years. Maximum readｭ
ings varied from early February to early 
April. It is most likely that the liberation of 
Alnus pollen, which occurred in early spring, 
was largely affected by the weather during 
the flowering season. Andersen (1974) has 
reported that the separation of the Alnus 
pollen was inhibited by night frosts which 
occurred just after Alnus flowering. Source: 
A. japonica. 

Cryptomeria. Season mid-January to late 
May, and minor season from late October to 
December; caught sporadically in other periｭ
ods. Prominent from late February to early 
April. Maximum reading from late February 
to late March_ The value of 406.3 grains 
recorded on 22 March 1995 was larger than 
the annual deposition of this pollen type in 
1994. Source: planted C. j，αρonica， because 
another possible source, Met，αsequoia glyptoｭ
stroboides, which is morphologically indis-

around the study area. 
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Fig.1. Generalized pol1en calender based on the five-year (1991-1995) census in Chiba, central 
Japan. The thin lines indicate the periods during which airborne pol1en catches were “common": 
pol1en grains were present in more than two of the five years on the same dates, the thick lines 
indicate an “abundant" pol1en catch: more than 1 grain (/cm2/day) was present in more than two 
years, and the double thick lines indicate “prominent" pollen catch: over 10 grains were present in 
more than two years. The lines between the solid triangles represent the range of the dates of the 
maximum reading among the five years. 

Cupressaceae-type. This pollen type inｭ

cludes pollen of Cupressaceae, Cephalotaxaｭ
ceae andjor Taxaceae. Season early March 

to early June; caught sporadically until late 
June. Prominent from late March to midｭ
April. Maximum reading from early to midｭ

April. Source: Chamaecyparis obtusa, C. pisι 
fera , Torreya nuc~ルra etc. 
Equisetum. Although quantitatively unimｭ

portant, this spore type was selected because 
the germination of the fertile stem of E. 

arvense is a symbol of spring for the Japaｭ
nese. Season April; catches in other seasons 
were sparse. Although maximum reading 
was recorded in early to mid-April, the peak 
was obscure. Source: E. arvense, a common 
fern weed. 
Carpinus tschonoskii. CarpinusjOstrya 

pollen grains with more than three pores 
were classified into this pollen type. Season 
late March to mid-May; caught sporadically 

until early July in some years. Abundant 
from early to mid-April. Fh,lctuation among 
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the dates of the maximum reading varied 

within only a week. Source: C. tschonoskii, 
common in the study area. 
Myrica. Season early to late April; rare in 

other seasons. Abundant in mid-April; Maxｭ
imum readings were recorded in this period. 

Source: planted M. 間bra.

CeltisjAphananthe. Season early April to 
late May; rare in other seasons. Abundant 
from mid-April to early May. Maximum 
reading around mid-April. About two weeks 

after the highest peak, a second lower peak 
occurred (Fig. 2). The first and second peaks 
probably arose from liberation of Celtis sinｭ
ensis var. japonica and Aρhananthe aspera 
pollen grains, respectively. 
ZelkovajUlmus. Season early April to late 

May; small amount of pollen frequently 
caught around late September. Maximum 
reading mid-to late April. Source: Zelkova 
se作uta in spring and Ulmus parvifolia in 

autumn. 
Carpinus j Ostηla. Season early April to 
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Fig_ 2. Seasonal changes in pollen catches 
of Celtis/Aphananthe, Pinus and Castaneaｭ
type in Chiba, 1991-1995. Horizontal lines 
abov巴 each graph indicate the lags between 
the first and second peaks 

early June, but not abundant; rare in other 
seasons. Maxim um readings were recorded 

mid-April to late May. Since ftowering 

season of Caゆinus japonica and C. lax併ora

planted in the Aoba-no-mori Park was early 

April, which was almost the same as that of 
C. tschonoskii, the source probably included 
distant C. cordata and C. japonicα， as well as 

the neighboring C. japonica and C. laxiflora. 
恥10st grains of this pollen type caught after 

21 April (55.4-90.9% of annual catch) would 

be long-transported pollen, because 91.0-
96.6% of the annual catch of C. tschonoskii 
was obtained up to 20 April. 

Quercus. This pollen type includ巴s pollen 
from Quercus subgenus Quercus. Season midｭ
April to mid-June. Abundant from mid-April 
to mid-May. Maximum reading mid-to late 

April. Source: deciduous oaks; chiefty Q. ser-
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rata and Q.αcutissima. 
Platαnus. To my knowledge , Chiba was the 

first place in J apan w here this pollen type 

was detected (Yonebayashi , 1994). Season 

mid-April to early May; catches in other seaｭ

sons were rare. Abundant from mid-to late 

April. Maximum readings appeared in this 

period, except in 1993, when the pollen catch 
was low. Source: a few planted P. Xacerifolia 
trees at ca. 30 m NE of the sampling site 

Pinus. Season mid-April to late July; 

caught sporadically in other seasons. Abunｭ

dant from late April to early June. Maximum 

readings recorded in this period. There were 

two major peaks; the first in late April to 

early May and the second two to five weeks 

later (Fig. 2). P. thunbergii and P. densiflora 

probably contributed to the first and second 

peaks, respectively. 
Ginkgo. Season mid-April to mid-May; rare 

in other seasons. Abundant in late April. 

Date of maximum readings in this period 

varied within only three days among the five 

years. Source: planted G. biloba. 
Cyclobαlanoρsis. This pollen type included 

of pollen from Quercus subgenus Cyclobalｭ
anopsis. Season mid-April to mid-June; 

caught sporadically until mid-July in some 

years. Abundant from late April to mid-May. 

Maximum reading eariy to mid-May. Source: 

evergreen oaks; chiefty Quercus myrsinαe

foliα， Q. acuta and Q. glauca. 
Leguminosae. Although entomophilous 

pollen is rarely caught in a significant 

amount, this pollen type was well recorded. 
Season early to late May. Abundant in midｭ

May. Maximum reading early to mid-May. 

Source: small Robinia pseudoacacia stand ca. 
40 m south of the sampling site. 

Rumex. Season late April to late July , but 
not abundant. Maximum reading from midｭ

May to early June. Source: R. conglomeratus, 

R. obtusifolius and R. acetosella etc. 
Cαstanea-type. This pollen type includes 

pollen of Castanea, Castanopsis andjor Lithoｭ
caゆus. Season late April to mid-July; 

abundant from early May to mid-June. Polｭ
len count had two major peaks; the highest 

occurred mid-to late May , and then about 

three weeks later, in early June, the second 
peak appeared (Fig. 2). The first and second 

peaks originated from pollen grains of Cas-



Table 2. Synopsis of observations during the five-year (1991-1995) census o[ airborne pollen in Chiba, central Japan. 

Annual calch (grains/cm'/year) Percenlage (%) Date of maximum reading 
Taxa 

1991 1992 1993 1994 1995 Averagc 1991 1992 1993 1994 1995 Average 1991 1993 1994 1995 A veragc 1992 
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COMPOSITAE 

Artem悶!a

GRAMINEAE 

Typha/Sparganium 

Trees lotal 2.m 23.1V 22.IV 22.m 4.IV 

26.VIII 30.V 21.1X 28.V 8-VII 

11.IV 6・11. 16.IV 14.1V 2.IV 4-IV 

2.m 23.1V 22・ lV 22.m 4-1V 

3036.73 1509.26 3928.70 1679.01 9496.29 3930.00 62.32 45.71 72.36 46.22 87.53 69.97 15.1V 

1710.49 1684.56 1367.60 1839.20 1238.28 1568.03 35.10 51.04 25.20 50.64 11.41 27.92 23. V 

957 11.11 12.96 9.88 13.27 1 1.3唱 0.20 0.34 0.24 0.27 0.12 0.20 12.1V 

4756.79 3204.94 5309.26 3528.09 10747.84 5509.38 97.62 97.08 97.80 97.13 99.07 98.09 15・lV

Non-trees to1al 

FS tolal 

Sub total 

Unknown Pollen 13.m 22.IV 26・lV 12・V 19-IV 

2.m 23.IV 22.1V 22.m 4-IV 

1 16.05 96.30119.14104.32 100.62107.29 2.38 2.92 2.20 2.87 0.93 1.91 17.1V 

4872.84 3301.23 5428.70 3632.41 10848.77 5616.79 100.00 100.00 100.00 100.00 100.00 100.00 15・1VTolal 



Five-year census of airborne pollen in Chiba 

tanoρsis sieboldii and Castanea crenat，α， reｭ

spectively_ Low pollen counts after the 

second peaks suggested that Lithocarpus 

edulis, whose flowering time is later than 

that of C_ crenαta， was not well repr巴sented in 

the pollen catch_ 

Gramineae. Season early April to late Noｭ

vember; caught sporadically in other seasons 

in some years_ Abundant from early May to 

mid-July and from mid-September to early 

October. Prominent from late May to early 

June; maximum readings were also recorded 

in this period_ Source: chiefly pasture grasses 

in spring such as Lolium multiflorum, Festuca 

rubra, Dacかlis glomerata; after summer, Misｭ
canthus sinensis, Digitαria ciliaris, Setaria 

faberi etc_ 

Podocaゆus_ Season late May to early July , 

but not abundant_ Catches in other seasons 

were sparse_ Maximum reading from early to 

mid-June_ Source: planted P_ macrophyllus 

Mallotus_ Season mid-June to late July , but 

not abundant. Catches in other seasons were 

rare. Maximum reading from mid-June to 

early July_ Source: 品1. japonicus_ 

Compositae_ This pollen type, other than 

Artemisia, was caught intermittently after 

June, from late July to late December conｭ
tinuously; catches in other seasons were spoｭ

radic_ Abundant from August to November; 

prominent from late August to early Septemｭ

ber. Maximum readings were recorded beｭ

tween lat巴 August and early September. Beｭ

cause most of this pollen type were grains 

with short spines, the source seemed to be 

Ambrosia artemisiaefolia var. elatior. Obserｭ

vation of flowering time of this species supｭ

ports this postulate_ Probably pollen grains 

from common entomophilous w田ds， e_g_ Solｭ

idago altissima, Conyza SU1ηαtrensis， Erigeron 

canadensis, were less significant. 
Artemisiα_ Season late August to late Noｭ

vember; caught sporadically in other seasons 

in some years_ Abundant from midｭ

September to early October; prominent in 

late September. Maximum reading from 

mid-to late September. Source: A_ princeρs， a 

common weed. 

Humulus_ Season late August to mid-

November; catches in other seasons were 

rare_ Abundant from mid-September to midｭ

October. Maximum reading from late Sep-

- 87 

tember to early October. Source: H japonｭ
zcus_ 

Chenopodiaceae/ Amaranthaceae_ Season 

late August to mid-October; in some years, 

caught sporadically during a few weeks 

before and after this period, as well as in 

April , May and Dec巴mber. Maximum readｭ

ing from late September to early October. 

Source: Chenopodium album, Ambrina ambroｭ

sioides, Amaranthus pαtulus etc_ 

2. Variation in the magnitude of the 

annual catch 

The annual catches during the five years 

are summarized in Figs. 3, 4 and Table 2_ The 

greatest total catch was 10848_8 in 1995, and 

the smallest 3301.2 in 1992_ The coefficient 

of variation (CV) for the total catches among 

the years was 0_54_ The values were 0_83 for 

total tree pollen; 0_16 for total non-tree pollen 

and 0_15 for total fern spores. Therefore the 

annual catch was most variable for total tree 

pollen_ Among the tree pollen, highly variaｭ

ble pollen catches (CV > 1.0) were recorded 

for Cryptomeriα， Cupr巴ssaceae-type， Car，ρznus 

tschonoskii, Zelたova/Ulmus, Mallotus, and 

Sambucus. while the variation was smallest 

for Gramineae (0_08). 

Although atmospheric temperatures in a 

year or the previous year do not seem to 

control simply the annual pollen catch , alterｭ

nations of high and low pollen catches were 

found for Cryptomeria, Cupressaceae-type, 

Sαlix， Caゆinus tschonoskii, Carpinus/Ostrya, 

Celtis/ Aphananthe and Zel)己ova/Ulmus_

These pollen types were prolific in 1991 , 

1993 and 1995, whereas 1992 and 1994 were 

l巴an years_ Although the annual pollen catch 

of many non-tree pollen types fell in 1995, 

the catch tended to grow in magnitude for 

Gramineae, Artemisia and Typha/Spargaｭ

nium until 1994. 

Discussion 

The magnitude of the catch for tree pollen 

in this study would have been underｭ

represented (Yonebayashi, 1994). Low posiｭ

tion of the trap (lgarashi, 1979, 1987; Ikuse et 

al. , 1962; Yonebayashi, 1984) and relativeｭ
ly long-term exposure of sample slides 

(Sado, 1990) are responsible for underｭ

representation_ Despite this deficiency , not 
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1田， '92 喝3'94百 CUþressaceae-type - Quercus -
Cryptomeria Carpinus tschonoskii Zelkova/Ulmus 

Fig. 3. Annual pollen catch in Chiba; year-to・year variation in 12 selected tree pollen types. Scales 
for Cηlþtomeria and Cupressaceae・type are different from others. 
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ation are comparable among the sites. The 
seasonal and annual fluctuations obtained in 
this study will be discussed in comparison 
with those of other regions. 

For many tree pollen types, dates of the 
maximum reading in spring tend to be earlier 
in Chiba than in Sendai, northern Japan, 
whereas those for autumn herbaceous pollen 
types are later in Chiba (Yonebayashi, 1994). 
Although sources of a pollen type frequently 

include some different species, and the speｭ
cies combination varies among regions, the 
lags between Chiba and Sendai are comparaｭ
ble for some pollen types whose main source 
is doubtless only one species. The lags were 
19 days earlier for Cryptomeria (japonica) in 
Chiba; 18 days earlier for Zelkova (serrata) 
and 21days earlier for Ginkgo (biloba). For 
the autumn herbaceous pollen types, the lags 
were 9 days later for Artemisia Cprinceps) and 
8 days later for Humulus (japonicus). A com・

prehensive study of Japanese phenology 
(Japan Meteorological Agency, 1988) supｭ
ports these tendencies; the first flowering 
dates of trees (Prunus mume, P. Xyedoensis 
and Camellia japonica) in spring were 15-49 
days earlier in Tokyo than in Sendai, and 8 
days later for an autumn grass (Miscanthus 

山
町

J
幽
…

01田1 '92 '93 可94'95 Artemisia 
Compositae Gramineae 

Fig. 4. Annual pollen catch in Chiba; yearｭ
to-year variation in 5 selected non-tree pollen 
types. Scales for Humulus and Rumex are 
di仔erent from others. 

q

e

 

u
l
m
 

品
川

山
岨
ω

。

10 

自

5 

4 

2 

(
N
E
S
由
F』
一
回
』
白
N
O
F
X
}
Z
U
V

一
回U
C
2
3
a一
回
コEE
〈

only the seasonal and year-to-year fluctuaｭ
tions are comparable at a site using the same 
methodology, but also the patterns of fluctu-
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Five-year c巴nsus of airborne poll巴n in Chiba 

sinensis)_ Similar shifts in the timing of 

pollen phenology are also known in Europe 

(Bagni et al_ , 1976; Spieksma, 1990; Spieksma 

et al_ , 1980)_ The maximal values of grass 

pollen in spring shift from southern to northｭ

ern Europe, taking more than a month; on the 

other hand , A rtemisiαpollen in summer to 

autumn reaches a maximum in central 

Europe about one month earlier than in the 

Medi terranean_ 

Since pollen grains caught by this method 

are the grains actually liberated from anｭ

thers, the pollen catch is a more effective 

indicator for evaluating the potential pollinaｭ

tion effici巴ncy of anemophilous plants than 

other figures such as male ftower production 

measured by the litter trap method_ In fact , 

Hyde (1 952, 1963) has already suggested that 

bumper pollen years and good mast years 

frequently coincide with each other; a satisｭ

factory corr巴lation in Fagus sylvaticαand 

Fraxinus excelsior and a less satisfactory one 

in Betula verrucosa, _゚ pubescens, Pinus spp_, 

Quercus robur and Q_ petraea_ Synchronous 

production of male and female ftowers has 

also been reported for Cryptomeria japonica, 

Fagus crenata, Pseudotsuga menziesii and 

Taxus canαdensis， but not for three Quercus 

species (Tanaka, 1995) 
The period of ftower bud formation on 

many trees is spring or summer of the previｭ

ous year. The weather during this formative 

period inftuences the pollen catch the followｭ

ing year (Andersen, 1974, 1980; Hyde, 1952)_ 

Holmsgaard and Olsen (1966) showed that 

high temperatures and low precipitation in 

June and July in the preceding year are parｭ

ticularly important for a high crop rating of 

Fagus sylvatica in mast years, and that high 

ftower bud production can be induced by 

artificial drought in summer. A large pollen 

catch is expected in the season after a warm 

sunny spring or summer. The annual pollen 

catch after the warmest summer was largest 

in 1995, a bumper pollen year, and smallest 

in 1994 after a cool summer for many tree 

pollen types such as Cryρtomeria， Cupressaｭ

ceae-type, Caゆinus tschonoskii and Zelkovaj 

Ulmus_ This relationship has been confirmed 

by long-term observation of Crypωmeria j，α

ponica pollen, the most serious pollen allerｭ

gen in Japan_ The magnitude of the annual 

catch of C j，αρonica correlates with global 

solar radiation and maximum temperature in 

the previous summer (r2 二 0_758 and 0_552, 

respectively; after Sahashi et aL , 1995)_ Other 

studies of C jaρonica pollen carried out at 

Niigata (1972-86; Fujisaki, 1988), Tokyo 

(1977-95; Saito, 1995), Funabashi (1979-95; 

Sahashi, 1991 , 1994, 1995; Sahashi et aL , 

1995) and Nishinomiya (1979-91; Ogasawara 

et al_ , 1991), as well as this study , ha ve shown 

that th巴 year-to-year ftuctuation patterns 

were highly synchronized among these sites, 

except for a decline at Nishinomiya (ca_ 450 

km west of Chiba) in 1985_ Apart from Crypｭ

tomeriαpollen， precipitation in April of the 

preceding year gives the best correlation 

(negative) with the annual pollen frequencies 

of Betula and A lnus, and those of Quercus and 

Fagus are best correlated with the average 

maximum temperature ov巴r the months 

from June to September of the preceding 

year in Denmark (Andersen , 1980)_ 

In many tree pollen types such as Cryptoｭ

meria, Cupressaceae幽type， Salix, Car;ρinus 

tschonoskii, Carpinus j Ostrya, Celtis j Aphaｭ

nanthe, and ZelkovajUlmus, 2-year cycles of 

pollen catches were recognized in this study_ 

Biennial ftowering patterns have also been 

pointed out for Betula and Fagus in Cardi百，

Wales (Hyde, 1952), and for Betula, Alnus, 

Quercus and Fagus in Drav巴d Forest, southｭ
western Denmark (Andersen , 1980)_ A t 

Ogawa, Ibaraki Prefecture, ca_ 150 km north 

of Chiba, biennial synchronous production of 

reproductive organs has been suggested for 

four co-occurring Caゆinus species (Shibata 

and Nakashizuka, 1995)_ The pattern, howｭ

ever, was interrupted by two subsequent 
years of low reproduction from 1991 to 1992 

(H_ Tanaka, personal communication)_ Anderｭ

sen (1980) attributed an interruption by two 

consecutive years of high ftowering to failed 

pollination in the first year, and two low 

ftowering years in sequence to failed ftowerｭ

ing in the second year. A 15-year obs巴rva

tion of airborne pollen in Niigata, ca_ 270 km 

NNW of Chiba, did not demonstrate 2-year 

pollen cycles for Ginkgo, Taxodiaceae, Pinus, 

Juglandaceae, Alηus， other Betulaceae, Faｭ

gaceae and Ulmaceae, the ftuctuations being 

m uch more irregular (Fujisaki, 1988)_ The 

biennial pattern was also not dominant 
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during a4・year observation of trees (Quer，ωs， 

Betula, Alnus, Carþinus, Ulmus, Fraxinus, 0ηJρ
tomeria and Fagus) at four heights at Tomaｭ

komai, Hokkaido (Igarashi, 1987). 
Since the coldest winter (the lowest mean 

and minimum temperatures in February 

among the five study years) occurred in 

1995, it is possible that the low catches of 

herbaceous pollen types in this year were 

caused by “ winter killing" (Hyde, 1952). This 
decline, however, may have been caused in 

part by lawn care in the nearly completed 

Aoba-no・mori Park. Andersen (1980) has 

pointed out that the pollen productivity of 

perennials is affected by the precipitation in 

June of the preceding year. It has been sugｭ
gested that, in Europe, the pollen productiviｭ
ty of herbs is stimulated by good water 

supply before and during flowering, and by 
warmth in the early spring, whereas it is 

reduced by summer drought in the preceding 

year and coldness in the early spring (Anderｭ

sen, 1980; Hyde, 1952). 
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千葉市における 5 年間 (1991-1995) の

空中飛散花粉とその生態学的意味

米林 {中

千葉県立中央博物館

干260 千葉市中央区青葉町 955-2

千葉市において， 1991 年 1 月 4 日から 1996 年 1

月 4 日の 5 年間にわたって，ダーハム型花粉採集装置

を用いた空中飛散花粉調査を行ない，一般化した花粉

カレンダーを作成した.その結果，季節的変化では，

春の木本花粉のピークは，仙台市よりも千葉市で早

く，夏から秋にかけての草本花粉のピークは千葉市で

遅かった.年間捕獲量の変化では，木本花粉の多くで

一年おきの増減がみられた.同様の増減パターンは，

ヨーロッパ(カバノキ属，ハンノキ属， コナラ属，プ

ナ属)や日本(クマシデ属)で報告されているが，新

潟市における 15 年間の調査では，一年おきの増減は

一般的ではない. 1995 年に草本花粉の捕獲数が少な

かったのは，冬期の寒さによる死亡の可能性が考えら

れた.
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